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1 CHM.5.3.04.001.01 List general properties of aqucnusaclds(tastle, ca\arnhr‘td‘lcatorsJ reaction with metals, metal carbonates fexthook + practice problems 113 and 114
and bases, and electrical conductivity)
1 { o D il ol il 2 Sy 0 SN e Sy ¢ iyl (5l 6 SH) gl Yl y Sguimnadl Whnall Sl sl Sy CHM.5.3.04.001.01 [ PR [ 83 89

| Properties of acids and bases: I

Taste sour v'  Taste bitter and feel slippery
React with litmus and cause blue litmus paper to turn red v"  React with litmus and cause red
React with metals litmus paper to turn blue

Acid + active metal & H:zgas

Zn:g:. + 2HCI :a:;]_> ZnC|z:a:;;. + Hll;e‘,:l
2Al(5) + 3H2504(ag)—>Al2(504)3 (ag) + 3H2(g) 2 Jis ala¥f) sl Jalasd

0508194296
React with metal carbonateAND Hydrogen carbonates: v

Acid + metal carbonate = salt + H,O + CO,
NaHCOs(s) + HC:H303 (aqp=> NaCaH302(aq) + H20(+C02g
PH< 7

Acid an base solution are conduct electricity(why?)
Because they have free moving ions that cause the resulting solutionto become a conductors
They are change color of indicators

sas ) gll 5 (alaadl sl 3l (ailadl)

oualal) 48155 e Bllalgd -1 EN paan Gl -1
PH>7 -2 PH< 7 -2
SIS S Ll G 58 Aoilal) Laghillas
il g N yiiad g ol Sl Jia 65 Ledaay Laa 48 jall 3 ja Slig) e (g giad Ailall Laghillas oY

a0 g8l g (alaad Al Gailadl)
gL 48 ) g Lacal) Jallaal) Jga Y] el A @3 Gl (e uadl) gL 48 ) g Apdaaal) Jallaall Jead -1
Ol N e sl e puadl) O sl 6 il g Ahadil) i Al aa palaa) Jolit
JJJY‘ Zng) + 2HCI (aq)=? ZnC|2(aq) + Hag)
2Al(s) + 3H2S04(aq)>Al2(SO4)3 (aq) + 3Hae)

Gy ) G gr Sl ) A L dolualy g S gy S g Sl S g ST
P

EUE) sl CO, Jle yad die Fiy juadl sy JAll Gn el 1t
el Jalas andl adde (3lhay 55 ) padal) Auaal)

NaHC03 (s) T HCzHgOz(aq)9 NaCzHgoz(aq) + HZO(L)+COZ(g)

AgiliasSl) Cih oY ol gl &yl LaaDIS

Jie ala¥) ani | las)
0508194296
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Acid + active metal (all metals except Cu ,Hg ,Ag ,Pt ,Au) ——» salt +H2
Acid + base — salt + water (neutralization reaction )
Acid + metal (carbonate CO3?, hydrogen carbonate HCO3) — 5 salt +water + CO,

When acid react with ball all properties disappear expect conductivity of
electric .

HCI react with limestone produce bubbles from CO2

1. Write balanced equations for reactions between
the following. < N
: . ol o~ § P gois a

a. aluminum and sulfuric acid Rt A L

rom Ll & 3§ o & 305 L3LasS S ¥leo 51 1

2Al(s) + 3H,50,(aq) > AL,(SO,)(aq) + 3H,(g) 2Al, +3H,50,,,, — AL(S0,),,, + 3H,
..fJ.;.a_;_{._.}J-.J.._..&'l Jé.a-_g r_,:.....l'.si.lh C.:UJ._-_(.S .b

CaCO,, + 2HBr — CaBr,  +H0, +CO

b. calcium carbonate and hydrobromic acid

CaCO,(s) + 2HBr(aq) — CaBr,(aq) + H,0() + 26
CO,(g) . ' 2
AbJigdl g Jelall sl G Y dslall LSt pad .2
2. Challenge Write the net ionic equation for the
reaction in question 1b. Cai+{aq) + Cosz_tnq} + 2H+(aq} + 2Br_[a.q} —
Ca?*(ag) + CO,?" (ag) + 2H"(aq) + 2Br~ (aq) — Ca +{aq} +2Br ., + Hzom +CO

(ag) 2(g)
Ca?*(aq) + 2Br~(aq) + H,O(l) + CO,(g)

2— +
~ €O (g +2H";, — CO,, + H,0,,

€0,27(aq) + 2H*(aq) — CO,(g) + H,0O(l)

3 CHA5.3.04.001.04 Dvefine acids and hases according to Bransted-Lowry theory, indicating the acid, base, conjugate acd testbook ¢ practice problems 118 11817 118,418 and 120
conjugate hase and conjugate acid-hase pairs, when chemical aquations, formula or space-filling modeds are given
abhen| s i 8 Lam pcead o g il el g L i s s e g il il b1 o g CHBALS 90400108

F] Fiphplariia fiaga Jigiah chda it ki 95,594 /53,82 21
Acid definition Base definition

Bronsted - Lowry H*donor H* acceptor

Conjugate acids Is the species produced when a base accepted a hydrogen ion

Conjugate base Is the species that results when an acid donates a hydrogen Fon

A conjugate acid- [ Consists of two substances related to each other by the donating and accepting of a

base pair single hydrogen ion

(HE 5ol Ol) Osiso) miae sl 5l (5 5m 98 Sosl —E g (e
. Ht',‘_ JI".."'_.]LII:IEM;\'};"']-" Y Pl
Jis ala¥) auad ) dlae) (HE ool o) 059 o S ERR Gasl —dde B
0508194296 Jﬁ'j_ﬂ:‘a'h dj:‘i Boed | _;'g". 5 Ladie ﬁ H';_ﬁ] &j—‘j‘ }“ dé!_}ﬂn v !
O g gl gl meall ey Latie gz oM & gl b 238 yal) 3aclall

g Cpn g ol Ogd Jlil 5 mie (B2 sl O Lae il je Oile [ AR el Bas - Real) £
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Hydrogen fluoride — Bronsted-Lowry acid :

i H,O H,O*
HF g+ H20 S HzO%(aq) + Faa
acid base Conjugate Conjugate

Acid base

Hydrogen fluoride react with organic componds called hydrocarbons to substitute

fluorine atoms for hydrogen atoms

equation.

Ammonia — Bronsted-Lowry base : H,07(aq)

H2O@n + NHzg=  NHa%@g) +  OH (ag
b. NH,(aq) + H,O(l) & NH4+(aq) + OH™(aq)
acid base Conjugate Conjugate -
. acid: H,0; conjugate base: OH™; base: NH;;
Acid base

conjugate acid: NH,

Identify the conjugate acid-base pairs in each

a. HCOOH(aq) + H,0(1) <> HCOO(aq) +

acid: HCOOH; conjugate base: HCOO™; base:
H,0; conjugate acid: H;0F;

Water- a Bronsted- Lowry acid and base (amphoteric compound ):
Water can act as either an acid or a base depending on what other substances

are in solution

- /_\
‘C,J - G
HF H,0

?
®  ©

H,0* F

Jic ala¥) ami ) e HE = + ¥
- @t HO ) = H3O%@g) +  Fliag
0508194296 , -
e 33c @ e mea 438 yo 320

(880 82510 mmen 0 0] ool ~dihig MBS i v/

FEo g (e — (g o) st

HE /F - HyO/H30%; A 4831 5al) &) ¢ 3Y)
JGLﬁ;‘ ",“,5 )}Iﬁ\é"‘é,ﬁﬂg\éles)aj\&W\%M_jé&?‘,)w)_‘e)ﬂe&% 7

G oued 3,3 Jae 51l 550 Jatd (il 50 S 5 Hagdl )iy samnll LS jall ms Cpaa g soell 2y 55l
o By e oDUall) edall gl a8 Aeadiuall (ol gy ol el ) oalanl Sala ) sS3g

G Uslas J5 & 548l Lzanel) a1 A 15V o

g
HCOOH,, +H,0, =<HCOO- , +H0"
{HCOO~ : aaai 1 5uelan :HCOOH : jaastt
H, 0% : 381,81 paestt <H,O 3aci@h

NH,,, +H,0,=NH*  +OH"
(OH- . aza),80 3ueah (H,0 . yaest

NH,* : 381,00 jaesyt $NH, :3asian

L

e

PR}

( ?DL! c.h.m]\ M\, @ha.“ Q‘JJ\

I sl dddg g 358 - NH3 Lisa¥) >
H.Op + NH3g 15

NHa(

3 e paaan

SoP-hig pg gaid g Cildy el Wh Liaea s g gl 5l H8ey v

~

+ OH7 ()

438 yo s2cd

s pala¥) Jeldal B

- - - . .
pstsad) Ogal O sSal (o gldili gy mea o el bl e HE 058 gl Jiias (5 ) slodidi gy 500 U8 Lo 5oV

OH 2S5 el & ol s NH,*
: poiSal) Jeldal 3

L sa) L5 S HY o555l sllaels (Lo ga) 3208 (381 yell Jmeall) NHg* s sa¥) O3l s
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el 1S Gadeldly paadl sedal 2l -0~ .3
b. HBr(ag) + H,0(l) & H,0%(ag) + Br~(aqg) JF G ? B € i
- LG
¢. CO.* (aq) + H,0() > HCO, (ag) + + - - "
(]Hl 1'I:.|I;:-l} = t e 3 EFH:I] NH4 (aq) + OH (ag) ™ NH:Lfaqj + H! n -2
HBr, +H,0,=H0" +Br  .b
Conjugate Conjugate CO,* ,, + H,0, = HCO,~  +OH" = .c
Acid hase Base acid ' '
a. "H4+ NHJ OH- HED (B2 pa [ prgm adcld 4581 e 3ucld g
b. HBr Br- H,0 H,0* H,0 OH- NH, NH,* .a
LHIG OH- cn]!— chl_ H30+ HEO Br- HBr .b
HCO,- Co,* OH- H, O .c
4. Challenge The products of an acid-base
reaction are H;0* and SO,*~. Write a balanced H,O" aiasliy jam ol ol 5 Olealels] mid .4
equation for .lhc reaction and identify the Glfjm s g ¢ Jolizl) & 5 o Usloo xS SO,
conjugate acid-base pairs, o | eon 20 2
adelall g J.a.q.;—‘ Jpe el A
HS0,"(ag) + H,0()) «» H,0%(aq) + 50,7 (aq).
Reactant base: H.O: mnjugate acid: H 0+ Hsoa_(sq)+ HZDEI} '~ H30+{aq)+ Sodz_[aql
R X H, 0% . Gai b paestt HLO 5usian
Reactant acid: HSO,~; conjugate base: 50,7~ S0, > . aza 1 saeian HSO, : paes
Identify the conjugate acid-base pairs in the adalall :_%1 sl 438l J;,La..‘-ﬂ e sl Cl.}fgl. e
following equation. &
E syl
HNO, + H,0 <> NO,” + H,0" HNO, + H,0 = NO,~ + H,0+
HNO, (ackd) and N, (conjupat=SERTED 38150 5426 NO,~ ik (i 2 Liaeo HNO, Lo
t r # a8 3
(base) and H,0™ (conjugate acid) (G yo L HLO* i (rem 25t 3 HLO il

3 CHM.5.3.04.001.11 Define acids and bases according to Lewis theary texthaak 120 and 121

3 s A Uiy ey s i ng CHIMLS.3.04.001.11 Al i et 96395

v Acid: is an ion or molecule with a vacant atomic orbital that can accept (share) an

Lewis acid Lewis base T CI .
electron pair{lewis acid : is an electron pair acceptor |
ot palaa) b g1 9510 v Base: is an ion or molecule with with a lone electron pair that it can
H*, Ag*,Mg*2 | F,.CL-Br, I, donate(share) [ lewishase . is an electron pair doner]
_ v The lewismodle includes all substances classified as bronsted- lowry acids and
Ni*2 ,Mn*?, O2,0H
AlCL AlE 'NHa,NF3 hases and many more.
3, 3, e 1t s : .
g g Gl Ol g0 11 g
BHs,BFs, clig S0 () s f s 3 g b ol 0l o8 e
Bldb:ss g s fang! g o0 puisl
(6 ) i )4 ad g g iy gt o 0
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4 CHM.5.3.04.006.01 Define acid ionization constant, Ka, while writing the lonization constant expression for different weak acids textbook + practice problems 126

4 b Gl aleatil Gl s U ol KR s 3 2 iy CHML5.3.04.006.01 il Gl S el 101 5100

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

a. I—[l.’:l'C)2
HCIO,(aq) + H,O(l) <= H;O0 (aq) + ClO, (aq)

Acid ionization constants (K.) \

v |s the value of the equilibrium constant expression
for the ionization of aweak acid

[H;0+][C10,]

Ky = [HCIO,]
v E | b. HNO,
Xample: HNO,(aq) + H,O(l) < H;O (aq) + NO, (aq)

_ [H;0*1[NO,]

K 4
= [HNOS1
4 ~ c. HIO
HCN{gJ' + H20 {fjs H30 {ag)t CN (ag) HIO(ag) + H,O(l) <> H;0*(aq) + 10+(aq)
_ [H;0*I107]
a— [H1O]
[HBG] [CN] 12. Write the first and second ionization equations
= ——rreree s L for H,SeO,.
[HCN][H20] BE

H,SeO;(aq) + H,O(l) < HSeO;™ (aq) + H;O"(aq)

HSeO; (aq) + H,O(l) <= Se0;?~ (aq) + H;O (aq)

Ka = Keq[H20] ,

14. Challenge Given the expression

ASO,37] [H,OF
= E 7] [H, ]. write the balanced

[H30][CN] . + T T A0, |
=——_——"=6.2x10" )
|-H CN] equation for the corresponding reaction.

HAsO, 2~ (aq) + H,O(l) < H O%(aq) + AsO,3~

Jie ala¥) ami ) las)
0508194296

pmaall praeall QU o) ) Culs jaidad 8 2 plnead) Gld Ul v
e v
: LE L= 2 :&J&jﬁ% u&u:d Q1_j1‘},?| LL'I.:IE .).-!-.'-';“._5 .'HU.“ dalae

HCN(g + H20 ) ez H3o+lau}+ CN™(ag)

[H30][CN]

- ~ [H30][CN]
“d = THCNI[H20]

, Ka = Keq[H20] , Ka = THCN]

=6.2x1071°

e A Y RN L s B s 31 S e e 3 L1 585
¢ S 4l e dae g el 43 81 ) Y1l
s omes JSlASB 4.0 Kngb.aa]'rggi.‘iﬁgﬁ v

e K, < ad 8 Uinda SN aalaa) clliad

Kiyga sl abaaSll iy Sall (e 5815 oty gl (e 3815 OB LS Lhilae oY
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.H.,SeO.l . L_.JL‘J‘) J}v‘ ;;L'J‘ Uslas LS v JSJ Jpv-ve | u"i: o L .‘_r.ﬁ;“ Yl .,7.5.1
2 g u““"" - -
- > HCIO, .a
HzSeO,w + Hzom & HSeO, (o) +HO
HClO, ., +H,0, < H,0% , +ClO," .,
HSeO,",,, + H,0, & Se0,* . +H,0% x - H,0"[CI0,7]
" [HCIO]
f HNO, .b
4 o «[3.\\.\“ T = ]’:“ HNO,,, +H,0,, =H,0%,, +NO,~,,
AsO* |[H,0* [H,0+] [NO,"]
3..3;)'}1\ sl —Sb ‘K‘= —_—— K=-2 — __2°
[HAsO,*] (N HIO .c
Jelial
HIO,, + H,0, = H,0* , + 10%
- + 0] (1O
HASO.’ - Hzom H:‘O (- + ASO‘:" K = [“:.[[_“L[l] |
5 CHM_5.3.04.003.05 Relate the strength of weak bases to the numerical values of Kb textbook + practice problems+ table & 127 and 128
5 Kb a0 ni] Gl oy 3ol ol a5 G b 3 CHML5.3.04.003.05 6 s +oliphihe QBN SIS el 103 5102
lonization Constants of Weak Bases
4
» g
Ethylamine C;HsNH{ag) + H,00) = C;HsNH;*(aq) + OH~(aq) 5.0 % 10~
Wethylamine CH:NH;(ag) + H;0() = CH3NH;*(aq) -+ OH(ag) 43 % 10~
Ammonia NH:(ag) + H;0() = NH,*(aq) + OH(ag) 2.5%107°
Anifie CeHeNHfa0) + Hy0() = CeHeNHy*(aq) + OH~(aq) 43 3 1070 er

dargdh ol ol Cuth B J gt

OsSa BB ) oy o 25 )
OV OIS 5l (B ) sae YY)

B0k 10+ GeHeHygy + HeCly = CaHsDH % 4 OH 7y ol Jad JEY) aaal) Aail) g o8 )11 e
Cana¥l ¢ Su

43 X 104 CHMEM] + HEOEH ‘_—‘ CHBM—IB+{W] + OH -[UU ,_'k.ﬂFLJ.;:.ﬂ

2hx 10'5 NH;[W+H20[|]‘——‘NH4+[,H+ OH-[W.I L,\.U.ﬂginl u’y‘\ d;ﬁﬁ\ : ‘:.5}5\1\ - ugSgJY\ um‘}(\

43 %104 GsHsNHeM] + HeO[n = GsHsNHg"‘[w, +0H ) L')\.I\.J!)"l

Jie ala¥) and f dlas)
0508194296
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(5 g Lo 516 5 8 Rl a6y L i 5 48 s 38541 g CHMLS3.04_003.04 ) S gl

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 taxtbook
and its conjugate acid

e weaker base produce stronger conjugate acid

e stronger acid produce weaker conjugate base

e equilibrium shifting always to form weaker acid — weaker base

e the difference between acid and its conjugate base only one proton H*
ex. conjugate base of H2SO4 is HSO4

e inthe exam the ionized equation that have only stronger acid- weak acid
its impossible contain stronger base because it dissociate in water and
not obey Bronsted Lowry model

e if you see H3O" inionized equation with one of strong acids you should
be recognize the equilibrium will shift into right (forward reaction) to
form weak

e if you see H3O" in ionized equation with one of not strong acids you
should be recognize the equilibrium will shift into left (reversible
reaction) because hydronium is stronger acid have ability to donate H*
to beside base form weak acid -weak base

éﬁ\éﬁ!ﬁuﬂéﬁw\ﬁdﬁ&\ °

M\&ﬁ\fﬁ&lﬁ@.’@éﬂ\@\ °

i) Sacldl) g Cindal) (aead) (eSi sad pLGN Wil ma s e

HSO4 A HoSOs 48 yal) 320181) Dia Jadh aa) g H* (980 A88) yal) dlacBg aaal) o (341 @

St 4 gil) Bac ) Lol Adbizs BaclB g) Chmia (jaas gl o B aead culill Adalea G oS0 laiaY) b @
G080 — gy pisal Ll (Gakaly Vg el gy

abal za sl Je il o) Ledia i e ) Ay gll) (alaal) aa) ae H3OF i) Adalaa & cilias 1 o
i) (A il il By sSg

QY e sl Joll o) Lgdn i) g gl o€ (aen o ae H3OF () Adalaa B clias o
Al B ghaal) Bas Bl () A gguns Crgigall gria o SaBN 589 o BN (8B sal) aanl) & oS o guig gl
i) Cp oSl o BN A g

stronger acids 4358l (aleaY)

HC', HCIO3 ’ HCIO, , Hl, HBr, HNOs ’ H.S04
Cirua) 483 yal) agiscld ¢ oSi

Laila L3 0 eSs ulil) Adalaa (B (alaal) oda a9 13
(Ol 9ad) (ala)

Jie ala¥) ami | das)
0508194296
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6 SN 438) yal) Saclal)

59 (381 al) aaal)

Q3,06 s Gk

H PO«{-;) + Hzom < H U+{ 1"‘ H,PO ",

..... e e T Y

[Ty Ml e

Conjugate acid-base pairs:
HsPOs/H:POs, H:0/HO*

HsPOs Bronsted acid =~~~
because donate H*

eem Akl N
H20 Bronsted base
because accept H* ) .
& agem Akl Naeet

Equilibrium shifting to
Left (reversible reaction ) -

H3O* stronger conjugate acid
(have ability to donate H* strongly )

H2PO4 stronger conjugate base
(have ability to accept H* strongly )

- =

mwt z)93¥)

" HsPO4 [H2POs . H20/H30O*

S guste g aes H3P O3
H* ey 4

(]
i—

Gosh Bdidg p s2eld HL0
H* O LY

Sl sad 3N 2L

\ ™ iy
iy v A

¢ @) s Gass H3O*
S| I-P':GJA ‘fb MJAE N

| g SR 48d) ya 5B HoP Oy
J.ls‘ H qluis) e (PRPRCIS

Ivallllll = 1
[oH = 110
H* Ty Lxao OHr_ Jie ala¥) awi | ae)
AN SR U1 - 0508194296
ly® pOH =14 - pH 2ly2
pH OH

-~
pH=14-pOH
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ally R e 5 3y ) (g pai s ) o 365 e M piiing CHMLS.3.04.007.01

it 4 Jha il LS 105 s104

CHM.53.04.007.01 Use Kw to calculare the hydronium ion and hydrocide ion concentration ata given iemperature and vice
versa

textbook +example problem 1 +practice problems 129,130 and 131

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"] = 1.0 x 107 3Mm
K, = [H*][OH"]
1.0 x 107" = (1.0 x 107 "3)[OH]
1.0 x 10-14 _ (1.0 x 10~"3)[OH"]

1.0 x 10713 1.0 x 10— 13

[OH-] = 1.0 x 101

[OH~] = [HT], the solution is basic.

b. [OH | =10 x 107'M

K, =I[H*][OH"]
1.0 x 10~ _ [H*]{1.0 x 10~7)
1.0 x 107 1.0 < 10~7

[H*] = 1.0 x 10-7Mm '

[OH-] = [H*], the solution is neutral.
c. [OH ] =1.0x 10 *M

K, =[H¥I[OH"]

1.0 x 1014 = [H+*]{1.0 x 10— 3)

1.0 x 107 _ [H*](1.0 x 10~3)
1.0 x 1073 1.0 x 103

[H¥] = 1.0 x 1017

[OH™] = [HT], the solution is basic.
d. [H"] = 4.0 x 10°M

K, = [H¥][OH"]

1.0 x 101 = (4.0 x 10~ 5)[OH]

10 °C 2.92 x 10715

25°C 1.00 x 10~ 14

40°C 2.92 x 10714

At 10°C:
K, = [H*][OH™]

2.92 x 10~15 = [H*]?

[H:07]| [OH'] [H+¥] = 5.40 x 108 ™

Prepared by/ MR. Naeem Ele-mam Akl

L 5l JJle Loy, ¥ OH- s HY 581 5 03 gl
JSI[OH] 51 [H*] ! 298 K5 )l > i35
ol Casls ol (L J ol 1 OIS 3] Lo s 2o 4 A2
NYalaza
[H*]=1.0x10-"M .aj

K, = [H+*][OH]
1.0x10~" = (1.0x10-'*)[OH"]
1.0x10 _ (1.0x10~")[OH"]

1.0x102 1.0x10-13
[OH-] = 1.0x10-'M
$eeld Jolmtla JOH—] > [H+] i Las
[OH-]=1.0x10"M .H
K, = [H*][OH]
1.0x10- _ [H](1.0x1077)

1.0x10- _ [H+](1.0x10%)

1.0x107  LOx10~7
[H*] = 1.0x10"M
.Jalaie Joltla JOH] = [H*] o Las
[OH-1=1.0x10°M .c
K, = [H*][OH]
1.0x10-" = [H*](1.0x10-3)

1.0x103 1.0x10-3
[H¥] =1.0x10-'M

(Seld Jolmila [OH] > [H*] & Las

= daly cUaada

CBoloall Ax pa 5ol Ky Aed 23 -1
_SJ\);.“Q\;)J@A;MQJJMA;LA\ -2
Dok WS elal A HT S B clea sl -3

[OH] =VKw  [H'] =VKw

Jie ala¥) ami | das)
0508194296




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 25C or 298 K

textbook +example problem 2 +practice problems

131 and 132

208K ) e 2 26 Qi 5 m 32 sk PH e yanl Gy 3 8 oy p ) il B8V e e Ryl A gan Ty CHMLG.3.04.006.03

i 20050 el S 0

1075106

‘.‘g.\p'\é

’ Acidic solution

[H:0*]>[OH" ]

| % [OH™ ]< [H30]

| & PH< 7
| 4+ POH> 7
4 POH> PH

5001000 = Y Jslaa (e dpaala JiS) X Jglaa

X is more acidic by 1000 times

+ [OH]=[H;0%] =
+« pH=7
+ pOH=7.

+ [H30']<[OH"]
[OH" ]>1X107
PH> 7

POH< 7

+
+
+
+ PH> POH

1x10°'"M

Jie ala¥) and § dlas)
0508194296

- dala A gats
X: PH =2
Y: PH=5

H* (e 385 819 PH J8) ()5S dua gan i)

OH i) (e 3855 iy PH S) (g pas B i)

CHM_5.3.04.007.07 Calculate the pH of a strong acid given its concentration example problems 3 and 4 +practice problems 133 and 134
o3 by g 98 mand DH s sl a1 ceny CHIML5.3.04.007.07 Bppdaid Je g Bl Hipldall IS 1095108
pH pH
— - — - =T - [
Htagl) aes H [OH_] S 1 x 1 0 Battery acid
daal) e Stornach acid
P3N — I I+ > O I_ - -2
S9eed)) pas st N T { 14 Lemenjuce 3 =—f—— Soft drinks
) B . A [H*] = 1x10°" Nas g L e
- 1
— ol — [ ] B A —— Tomatoes
394 ———5 iy . OH [ I Coffee s
Y E = 3 Q, '
6 — o o) o s | -6 —
o ela — el — O = O Pure water — Milk
77 Il _l- “ _I Blood ]
TN (— ;ﬁ—:' I :j_:‘ J R
ol ol I I eawater
g — —1 Q_ O o g —
-;l.u — Y f—a"y ( I Antacid
= pOH = 14 - pH Y& .
_‘—I) A mix H h H r I\n:halgnoz:ﬂa R
2= e o p - p R o
a S . L pH =14 - pOH e .. B
- abgdl cleaner @
7 e — =
F i oo MR. Naeem Ele-mam Akl 050 o -
. o Y\ﬁm,l s




555 Al pH i o) 2 oy
.[OH]1=8.2x10°M

[OH] =8.2x10°M

K_ = [H*][OH-]x[H*](8.2x10-%)

(H°] =-:;;‘;ixll‘(’%= 1.2x10-
pH = —log [H"]

pH = —log(1.2x10-?)

pH =8.92

FSIAN S U Ww i pOH 4 pH 3 o
298Kl > i po wie 3V
[OH-]=1.0x10°M .a

pOH = —log [OH"]

pOH = —log(1.0x10-%)

pOH = 6.00

pH = 14.00 — pOH = 14.00 — 6.00 = 8.00

Lo GV Gl Gt lowalI pOH 4 pH 05 sl
298K ) - a5
[OH-]=0.000033M .a
pOH = —log [OH7]
pOH = —log (0.000033)
pOH = 4.48
pH = 14.00 — 4.48 = 9.52

459 S e S JIOH] 5 [H?] !
pH =6.50J3! .a
[H*] = antilog (- pH)
[H*] = antilog (- 6.50) =3.2X 107" M

POH = 14.00 — pH = 14.00 — 6.50 = 7.50
[OH-| = antlog (—pOH)
[OH] = (=7.50) =3.2x10°M

0508194296
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300 3OH- b ploae yHY ol plsae sl 3ad O
298 K 5)‘;> 27.-))-\.'-9 ﬂ‘ OLU ;,‘ mL
[H*]=[OH]=1x 10""M :298 K3 y» a2 ;s tic

u&ﬁ,._l?! AL | p) H* OV g0 due !

1.0x 10" mol 5% 1k
1k 1000 mE

= 3.0x10"* mol

mol H* = X300 mE

6.02x 102 H* ion!
1 moHT™

H*ions = 3.0x10~* mel ™ x

= 1.8x10" H* ions
S3lwd OH SLgi sae gylwd HY Slogi suse
.18x10"ions

550 55 Ao (Y i el pH i o)
298K
[H*]x1.0x10*M a.

pH = —log [H*]
pH = —log(1.0x10-?)

pH = 2.00
[H*]1=3.0x10°M .b

pH = —log [H*]
pH = —log(3.0x107%)
pH =5.52

$34 S d sl POH 5 pH o5 o1 522 O
Jyodl -0 5.0 L 3 Sl HCI 12 1.0x 107" mol

s . 1.0x107* mol
i b 50L

=0.00020 M = 2.0x10~* M
pH = —log(2.0x10-*) = —(—3.70) = 3.70
pOH = 14.00 — 3.70 = 10.30

Lo pudlels o ile G[OH-] 5 [H*] o 5a
.pOH =5.60

[OH-] = antilog (—pOH)

[OH"] = antilog (—5.60) = 2.5x10°M

pH = 14.00 — 5.60 = 8.40

[H*] = antilog (—8.40) = 4.0x10°M

0508194296



Calculate the PH , POH for the following :

0.1mol NaOH in 0.1L solution

solution :

MOL _ 0.1mol
IL; 0.1

M= =1.00 M

[OH]=1x 1.00 = 1.00M
POH=—1og1 =0

Calculate the PH , POH for the following :
0.2 mol H2SO4 in 600ml solution ?

Solution :

_MOL _ 0.2mol
L 0.6

M = 0.333M

[H]=2x 0.333 = 0.667M

PH=—10g0.667 = 0.176

PH=14-0=14 POH=14-0.176= 13.824

10 PH A pend e oy [H T mmadl 58 5 o) dies K@ aaad) B 2l wineny CHM.5.3.04.006.04 iyl G belllall LGS el 1115110

10 CHM.5.3.04.006.04 Caleulate the acid dizzociation constant, Ka, given acid concentration, [H+] and pH textbook +example problem 5 +practice problams 135 and 136
w. M 2 [H*]=10""
== o] Jis ala¥) asad f dlas)
K,= pH=14-pOH pradl] piad

a~ ) 0508194296
M —10"" M is molarity of acid

If the concentration HF=0.100M and PH=3.20 calculate Ka of HF ?

¥ Ka 4ad )

[1 032 ] 2
— — -6
Ka = =3.793 x 10
0.100 — 10732
1 SRS A i (] el Gy 3y L Bl o imanl 6 il i iy GHM.5.3.04.008.02 el S 1165114
1 CHM.53.04.009.01 Describe the titration curve of acid with base with respect to nature of solution at equivalence point textbook 138,129 and 140

sdlsal) ddaks aie Jglaall A |l PH equivalent point s3<il) 4das Titration type 8 slaal) & o
nature of solution at eq.point

Neutral solution (NaCl)

Jalatia Jglaa

PH=7 Strong acid /strong base

L saelé s b aan

Basic solution (HCOONa)
L;JDLE djla.n

PH> 7

Weak acid /strong base
g8 el | Ll aaaa

Acidic solution (NH4CI)
waaa Jslaa

Prepared by/ MR. Naeem Ele-iT3

PH< 7

Jic ala¥) and ) ae)
0508194296

Strong acid /weak base
bl [ g d paan

0508194296




o HCI D.1000M = 50.0mL 3 tse
NaOH 0.1000M s
14

10 0 30 40 50 60 70
(mL) Lady NaOH pas

14
14 Ao sacld
T sl
10 7 10 e
esl) Adan il
pH 7 el 3 R
_ PH 7| e 2 Gadadl) alisl
4 L dmdgeg sl 3 )
. fisall
P 4|7 5a ¥ pH Jlall M
0 ol 0 o
0 25 50 75 100 ST e Soeemsikl 100
ladl g glill aaa
1 5 5 8 s 5 e iac 3ol (o Gasa 5l 2

HCOOH 0.1000M 3+ 50.0mL 3 ylse
NaOH 0.1000M s
14

0 30 0 30 &0

14 sl
12 ﬁﬂh\
10 ] ekl
sl Akl J3adisa g ll 3 5 3

6 pH=7 pH

1

2 e

0 _J.Lai sl

0% 5 50 75 100
0 25 50 75 100

A el dimd Ghaaa B lea
é}hﬂuhudlda.uaﬂ‘an
Lfﬁuhﬂgad"gﬁsﬁﬁljsxlﬂﬂ

dald il
ook O Ad g<ial) e WA s ¢ 328U 5 Glaaad) (pa 08 5 g8 Caa pBISAN AdaSl Aa8 (alids v
1 plall g Uiaa 45 g<ial)
Jaleia 00 =Ll Y PH=7 die 85 448 Bac.lic_n‘_ﬁ,'é e b opileas dic o
NaOH a= HCl (iaea 3 jlae 1 JUe
Jsatigas e 3,0 andiuddl Kl
e U =L Y PH< T 2 Jﬁﬂ..é,p_;ahc.licﬁq;,ﬁuha;jmm +
(NH3) WiseY! Jolas ae HCL faes 3 plaa 1l
sl M 53 zandiodl) oISl
e l8 Ul =Ll Y PH > 7 die 55854358 5008 e caumia yhaea B plaa e o
0555 a s gall 0S5 518 ae HCOOH (2l sl /eliladll) oy glipall mea 3 plas 1 JUie
9358 mPH
Cpltia J il aadtidl Cadish)
Sl3 says (G U seme) menll Jslaad PH e G ola Uit ) Bai 5 el ke psy 2l v/
Aadyy Al i iy Baclil) (e OH <l gy Lgilalae Cudi yaeal) (e HE ciligg) JS o) )
il aie Ll BT s g ESH)

Jie ala¥) ani | las)

0508194296
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e curves of titrations :

14 tmm  Violer cotor
14
i0
pH 7 Equi;.,..hi;n: o Aluuﬂi\uubly ndicator 10
a 7= pH Brothymol blue pPH 7 lgquivalent
strong adcd
'e) ellow color PH
o 25 SO 75 100
added volume of strong base NaOH o 25 50 75 100
e
Jas ala¥W) ami | ol
0508194296
14 Strong base

ik a
2 '\ 1
10

indicator 10 | equivalent

PH. 8l . Equivalen {_ - . Bromthymolbiue
6 pH=7 pH
4
2 Strong acid = acid
0 Yellow color

o 25 SO 75 100
o 25 50 75 100

Added volume of strong acid
Titration of strong acid with strong base

50.0 mlL 0. 10047 HCI Titrat od o 50.00 mlL 0. 100047 HCOOH Titrated
writh 0.100A7 NaOH with 0100047 NaOH
' ] ] 1 14 . .

PH

g —
L R -—1
5= =
oL — = Eal | — =B

O E o %0 0 = <0 S0 50 o
Volume MaOH added mil) Volurme NaOH added (rmid)
12 iyl iy piisall S0y Sl b sl e imand 6l ke iy CHM 53 04 009,02 el S el 11751164115
12 CHM.5.3.04.009.02 Describe the tiration curve of acid with base with respect to indicator used and its color change textbook 141 and 142

(g8 Jalatia - paan ) Golll - aadiual) il || PH equivalent point s8sil) dkis Titration type

Indicator used ( acid — neutral — base)

Brothymol blue (yellow — green — blue ) Strong acid /strong base
448 basldf s b aan
Phenolphthalein (colourless- faint pink — pink) Weak acid /strong base
443208 | aa paes
Methyl orange (red-orange — yellow) Strong acid /weak base
bl 8 yan

Jie ala¥) and ) ae)
0508194296
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L& 08l it e J gl
O R Ade Gaanll) plag dic
Z\,\y'ﬂﬁ sala g.b gﬁ ghﬂ\
(Jsid (sl Jhpucaala

0 1 2

3
DN Crystal violet

| . B Cresol red
| . W Thymol blue
W Bromphenol blue
B Methylorange
W Bmmcmesol green
Methyl red
T Bomcesol puple
T L Tarin
W gromthymol blue
W rhenol red
Phenolphthakein
S Thymolphthalein
W Alzarin elow GG
[E— o I Universal indicator

contain PH of equivalent point

AL panaiall g ChISH EEN) gal) A (e canliall ChLSY) LA dliSey Gilud) JLAY A G

L)

From previous shape you can choice the suitable indicator which its PH translon

l ]
23 -Study the following ttration curve and )
indicators table after that answer the following ALY g ol Al (38 pal) B2 g g el B plaall ate e 023
questions? . P T agah
22
Jie ala¥) ami | § dlae) b
g8 7- i
0508194296 -t B alal puns 1 alasi
. 0508194296
=2
F
L] T T T T ™1 T
L+] & i3 A% O FN 3D DS A0 45 SO
v~ What is the kind of neutral titration * . e .
= strong acid — strong base Sl dmapyls v
= strong acid — weak base i sam Ak i sasid 1=y
m weak acid — strong base | MemEEE g f e o | PSR gp e
m weak acid —weak base e il = el -1 PRl s
v Which of the following points express Lo . = E=EE R
about access amount of acid 2 T opmeandl fa @ RED Of el AU LB S gl W7
i =B o =D Eo D C = B o Ao
v Which of the following points express L lEl e RidD (F el ASE KGO sl
about access amount of base? Eo Do C.o B .= A
(= ¥AN =B mC =D w=E . I . b _ -
TSN AR p S AIGH BB g gl v
v Which of the following points express Ex Do Cao B .=« A
about an equivalent point 2 . 1 - 51
=h uEE? wC =D TR i s PH Zafl, v
E;.'E_'IE a‘_n'i.t Dgisall a._nr..-a."l QPH:E_E =
¢ What is the value of PH at equivalent point 2 il Qe O PH=105)
= PH=8.5 because the salt is basic salt ‘-!‘j""‘"' e Gysaadl mlal o PH=T 0
m=PH=10.5 because the salt iz basic salt i el [ piSall elall M PH=5 5 &
mPH=7.0 because the salt isa neutral salt
= PH=5.5because the salt is acid salt
v Calculate the volume of base at_nsutral Ipieeadl pa Jilaall 25 BB dylas paa e v
point with acid # 35.0mls  25.0ml o 15.0ml = 50 ml o
= 5.0 mL =15.0 ML =25.0 mL =35.0 mL
+ Which of the following indicators will change at Toslaall 23gd Pl AR 25 algl ok g3 A L v
equivalent point 2
Ll pach whipall panl il i P )
95 -10.7 42-6.2 B2-10 alia
wphenolphthalein = red methyl = thymolphthalein ol pad e il el ol sty
Prepared by/ MR. Naeem Ele-mam Akl 0508194296




+ A bl e glas

e i e e e L i S e R e e e e
DS il slae

SEG a5 el g
(il Jladl)

Bac Lall
el 8 Al CRASH g T sy o ALl FRPET
sdaly cldsadla

o g sAaall (3 eal (5 gtan s (S 1 4 glas) kSl Jola ) e dalad) o g5t =

S AL gty ate o Jaad 4355S Y Jpida oy CRAISH Gl ==

Ol aat Baalild Adl | laati LW plany 48 59 e g pdadl (3 g0]l Cuati aun gy T

&Qﬂ‘ﬁﬁ&d&eé;&gﬁ1 d%JMH&!@ﬁ@‘JM‘J@ ==
E_'I"L'I.“ HF‘J.))M l:.lj"l}‘ &1 '(L.s"a"‘:"'h'“‘_?) L‘Jjﬁiﬁ.‘tﬂ- &%Md)ﬁd}i

aﬁ.ll.‘l_e.“ .;.1_‘:5! J1).n:|u1__l.;é)3.ﬁ‘ “LIL:“’:'MEJ?:E ==z

Jie ala¥) a2l
0508194296

Titration procedure :

1. Acidic or basic solution of unknown concentration is placed in.a beaker

2. The titrating solution of known concentration (standard solution or titrant)
placed in a buret

3. The electrodes of PH meter are immersed in the solution which is placed in
beaker and the initial PH of the solution is recorded

4. Measure volumes of standard solution are added slowly and mixed into a
solution in the beaker this process continues until the reaction reaches the
equivalence point

Example : titration of 50.0ml of 0.100M HCI with 0.100M NaOH

+  The initial PH of 0.100M HCl is 1.00

As NaOH is added the solutions PH increase gradually

v When nearly all of the H' ions from the acid have been used
up the PH increase dramatically with the addition of an
exceedingly small volume of NaOH

+  This abrupt increase in PH occurs at the equivalence point of the titration

<

+  Beyond the equivalence paint the addition of more NaOH again results in a
gradual increase in PH

v Some titrations have equivalence points at PH 7 , others at PH values less
than7 and some have equivalence points at PH values greater than 7

¥ A steep rise in the PH of the acid solution indicates that all of the H+ ions
from the acid hve been neutralized by OH- ions of the base the point at
which the curve flexes (at its intersection with the dashed line)is the
equivalent point of the titration

¥ Bromthymol blue is a good choice for titration of strong acid(HCI) with
strong base{NaOH)

¥  Phenolphethalein is an indicator that changes color at equivalent point of
titration of a weak acid (HCOOH) with a strong base(NaOH)

Jhe sl ,.T_n.. T ahasd

0508194296
0508194296 e Jie ala¥} pii ) 312
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titration Is a method for determining the concentration of a solution by
reacting a known volume of that solution with a solution of known

concentration
Standard solution (titrant) Is the titrating solution of known concentration (a buret filled by it )
Equivalence point Is the point at which moles of H+ ion from the acid equal moles of

OH- ion from the base

End point Is the peoint at which the indicator used in a titration changes color

textbook +example problem 6 +practice problems

13 E i . :
CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using titration data + problem solving stratagy

142 and 143

13 5 pfenall iy plaiids J ploall s (565 530) 34 5 all cpimans CHM.5.3.04.004.06 | it Blie + Jlanadl U LaD Sdball S el | 1185117

+ adaada

Aaiaia saclill g paead) (e DISI 580 ) 2 gaad) ada g s Alaall 3o B sla dl Qlhl) g 5u5e -1
LS i L o s 8 oS g gl Agalal BasliS (alaaY) aa Lgdeldi sie NH3 Liga¥) Jalai -2
A g sal) duiliasstl Alalaall

¢ dalaall b rage oa LaS S gal) 330 Gla (e a3

A volume of 18.28 ml of a standard solution of 0.1000 M NaOH was required to
example 2: neutralize 25.00ml of a solution of methanoic acid (HCOOH) what is the

molarity of the methanoic acid solution ?
4dizal 0.100W NaOH &= (s Jstaa e 18.28mil 242 aaa aladsiad a3l SUS  (Jla
Tl giliaall Gmas Jglaa Ay Y g Als HCOOH ol 3iliall Ginaa () glaa Ga 25.00ml

N@S\Jr-‘-ﬁ' Hco@)auah sdall

V=18.28%] =25 ml B}
M=0.1M M =7 HCOOthl + NaDH(aql —HCOOMa (ag) ¥ HZD(._,. T Jdeldnll Alslea
/ n=1

1mol HCOOH Ji: 1mol NaOH

( M.V )add ( M.V )

JES Al azad i slas) n n
0508194296 . base
Mx25 " 0.1 x 18.28
1 1

M = 7.312 x 10 2mol/L
acid

challenge : how many milliliters of 0.500M NaOH would neutralize 25.00m| of 0.100M Hi:PO4?
¢ 0.100M H3PO4 &= 25.00 ml Ja=3 3 0.500M NaOH o <) Slllal) sae aS: gaasll Al

@Lﬂ\ £ Q4 ol
Vv=>? V=25 ml
M=0.5M M =0.1
n=3 n=1 ( M .V ) ( M .V )
n acid n base
25 x0.1 0.5xV
Jas ?L.d\ ?=|a.'| .i alas) 1 3

0508194296

V=15 ml NaOH
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L 38 Al Agimanl 430 50 3 (ke gl (5 o wiman) alall £ 30 imy CHIML5.3 04 022 02 Sidaili U] IS el

119

CHM.5.3.04.022.02 Identify the type of salt (acidic, basic or newtral) and its constituent acid and base with their strengths textbook + practice problems

144 and 145

fpesalt e

¢=EBasic 43 85KOH

asaAcidic A82aNH3 )

JixiaNatural 4 #NaOH

*=3Basic 4, $°RbOH

aaaacidic I ddaaNH3 )

JduisaNeutral 4, #KOH

s=BBasic 43 Ca(OH),

a4 acidic NH4OH Or NHs(aq)

Salt hydrolysis :
v’ Prosperities of salts depends on the properties of acid and base which form it
v Cations ( Li*, Na* ,K* ,Rb*,Cs*,Ca?* ,Sr?* ,Ba?* ) don’t react with water ﬂ._;_gﬁ K= 52

v Anions (CI" ,Br, I, NO3 ", ClO3, ClO4 ,S04% )don’t react with water - g2 alas)

Jie ala¥) and § dlae)
0508194296

A L ) Al GA’M i
Jis el s | St e
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15 CHM.5.3.05.001.01 Distinguish between oxidation and reduction in terms of loss and gain of electrons, oxygen and hydrogen textbook 153 and 154
15 g g 5 et g T i 5 8y e 0 S 58Y) e O ey CHMLG.3.05.001.01 el S et 1355134
OMelad ot s JI A g 3 e
J a1 g 3 sy ) )
(i) Cliial Jha g BB jia Gliiles 15581 5 BacsY)
9I—10 Aulaalt Aaly ol A s LSS Laadl J 3y Saaas alle sauSW) s o (S Y 40y
sy i)
LyjsyaanX o ekl + Cly+2e — 2CI~: JIzaY)
Gy 80
Joz e X » L sy, .
= & - 2Mg0,, J<ld Gy 6-1 i
sy Sl '
Rl oS pcn g iUl
J.,Si:ﬂ:.,\p.h__;._, ' Mehp .j O e p gl
Xulb ] (\ o gt U G i
—
\J ,nJ;:l.'.:]ll.'J.nglhl;u:,_',\.ml
AL 4 sl aasl Jelaa
. 2
GifhoasY « deledlil + pesadlll (s Jclictll o
LS '\ﬂ
- lf.r" oS Ay
L78) W
LSl Y e el
JJ:; S 2Br-+ Cl,— Br, + 2Q-
J_Jt:llaJ.oJ.’o_ ' ”’J‘iﬂ y
Jolb St

Gl ) obally i st A1 olalisi

1Y) Slkenll
2Br-, +Cl,,, — Br,,, +2C,, .a
.Cl g5 cp 2 Br stz
2Ce,, +3Cu,, —3Cu, +2Ce,, bl
Cuz* 333 ins 2.Ce wusing

2Zn,+0,,—2Zn0, .c}

Gy, sy

280 0l i o K s Uil i gl Ay gl i o i 62 b ;

© T Vg
20, J 3 i '-?.-&Zﬂ-h-ﬂ--“-

2Na +2H*  —2Na* +H, .d
-H+ c.b-i-é (p 2 Na sl

g Jelidl 3 0 Edl faladty s gl ol s
Fe, +2Ag", — Fex', +2Ag,

.._{,..N;.J..ui Fe;...,_p.:i...u.s,:u..uuﬂg’f.m
FeulJamm,Muﬁyid).nh !
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Process st
o ©
Oxidation
o Areactant losesan  ® X loses an electron.
electron, o Xis the reducing agent and
* Reducing agent is becomes oxidized.
oxidized. o The oxidation number of X
¢ Oxidation number increases,
increases.
Reduction
o Other reactant gains ~ * Y gains an electron.
an electron. o Y is the oxidizing agent and
* Oxidizing agent is becomes reduced.
reduced. o The oxidation number of Y
e Qxidation number decreases,
decreases.

1
Identify what is oxidized and what is reduced in
the following processes.

a. 2Br + Clz—) ]?ar2 + 2C1™
Br is oxidized, Cl is reduced

b. 2Ce + 3Cu?* — 3Cu + 2Ce*™

Ce is oxidized, Cu?™ is reduced

€. 27n + 0,— 2Zn0
Zn is oxidized, O, is reduced
d. 2Na + 2H" — 2Na™ + H,
H* is reduced, Na is oxidized
Identify the oxidizing agent and the reducing

agent in the following equation. Explain your
ANSWET.

Fe(s) + AgT(aq) — Fe?*(aq) + Ag(s)

Ag™ is the oxidizing agent, Fe is the reducing
agent; Ag* is reduced, Fe is oxidized

Write the oxidation and reduction half-reac-
tions for this redox equation:

Pb(s) + Pd(NO,),(aq) — Pb(NO,),(aq) + Pdis)
oxidation: Pb — Pb** + 2e-
reduction: Pd2+ + 2e— — Pd

Prepared by/ MR. Naeem Ele-mam Akl

v’ The single - replacement reaction in which chlorine in an aquous solution reacts

with bromide ions from an aqueous solution of potassium bromide,
complete chemical equation : 2KBr(sq) + Cla(g) = 2KCl (ag) + Bragg)
net ionic equation : 2K*(aq) +2Br (aq) + Cl2 (g) —* 2K*(ag) +2CI" (aq) + Bragg)
Spectatorsions : 2K*jzq)
%+ note that Cl, takes electrons from bromide ions to become choloride ions
Cl" and two bromide ions lose electrons the two bromine atoms form a
covalent bond with each other to prduce bromine Br; molecules
+ the formation of the covalent bond by sharing of electrons is also an

oxidation - reduction reactions .
r -

2Br + a -

yi;\?:;%::* ¢
‘ ’ / 9

loseselocron + gice

Br, + 2l

14 - 4
S
7

Loses electron

‘m‘

» Electron transfer and redox reactions :
v Adefining characteristic of combustion and single replacement reactions is that
they always involve the transfer of electrons from one atom to another

Example :
combustion reaction of magnesium in air, which involves the transfer of
electrons
complete chemical equation : 2Mg(s) + Ozg) — 2MgO (5
net ionic equation : Mg + 029 = 2Mg* (ag) +207 (5q)

2Mg + 0, " 2Mg0
tach gains
e ). 2 elecirans 2 2
"

f p
' ’ ' “ ki ‘ 0

-7 s
Each loses /
2 electrons 2 2

Jie sla¥l aai | dle)
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16 CHM.5.3.05.001.08 Ildentify oxidizing agent and reducing agent in a redox reaction textbook +example problem1 +practice problems 156 and 158

v" The reducing agent is oxidized because it loses electrons so it supplies
electron to substance being reduced (gaining electrons )

oxidized Jie ala¥) amd ) dlas)
2K(s) + Cl,(g) — 2KCl(s) 0508194296
reduced

Oxidizing agent: Cl,
0508194296 Reducing agent: K Jie ala¥) asi | dlac)

Identify oxidation — reduction reactions

2Al + 2Fe3* 430> = 2Fe +2AP* +30%

Al — AIP* +3e" (loss e’ is oxidation )
Fe** +3e" — Fe (gain e is reduction)

Jis ala¥l aai | dlae)
0508194296

Aluminum is oxidized and is therefore the reducing agent
Iron is reduced and therefore the oxidizing agent

oAl sle s sl v GA Bl suSig sile v
4rls g yiSl 288 45y e gl Cas s sale v JiEa gl Sasasale v
EREP{ Nt X P ol g Sl sale V7
LSl 2o A0S Lpaliar il v 28l 22 A gl lgalia: sile v
Li , Ca , Na <)l J Cl2 , F2 , Br2 sl Jls
FUIy |
2K + Cl 2KCl
= 20 T e Jie aka¥) pand i alas )

eflenl
K 1 5msll Jaladt
Cly 105300 Jeolodh

Y1 ol 3 ) ol S 1) ol i

0508194296

Challenge Identify the oxidizing agent and
the reducing agent in each reaction.

) ’ Mg[sj + Izm - Mglzfs:; A - Mg + 1, = Mgl,
J 3B Jalal Mg das (> L S5l Jalal! L, I, is the oxidizing agent, Mg is the reducing
agent
HS +ClL —S +2HCl .b
R 2(g) (s) (g b. H,S + Cl,— S + 2HCI
| e 2wl [ . )
e HZS"‘"‘-’“”" ’?' Hli gl et CI? J",""' Cl, is the oxidizing agent, H,S is the reducing

J L agent
Prepared by/ MR. Naeem Ele-mam Akl 0508194296




2 Jlia
Jelml 1ia B el A AN Balall g Sl A1 Balall Gle d gl
JEEal Jalall — apall Jalall fpa JS (o daty

2Al + 2Fe** + 30"  — 2Fe + 2AIF* +30%

sl U.tll salall — AP +
Jiial) Jalall I

EXPey] U.d! 3alal)
LS _;.411 Jalal)

Fe3+ +3e” —

17 i e e Uy K all g 2y peslial] N e Sy CHMLS.3.05.001.03 gk 200 + 2 Jpipbdhll LS ol 1415 140
7 CHM.5.3.05.001.03 Assign oxidation number to atoms, ions and compounds according to a set of rules w“bmktt:::“i:::2;:::””3"'2 159 and 160
» Determining oxidation numbers :
v Iron has different oxidation numbers indicate by the different colors which mineral is
also present
[ . Rules for determiing oxidation numbers
The oxndatlon number of an uncombmed atom C|z F2 ,Brz,Oz, “
(element is Zero) Hz,Na
2 | The oxidation number of a monoatomic ion is \ Ca?* +2
equal to charge of the ion
‘ . 5 Br -1
3 |[The oxidation number of the more electronegati;/e Nin NH3 =
atom in a molecule or a complex ion is the same as
the charge it would have if it were an ion 0inNO D)
4 The oxidation number of the most electronegative
| . Py
element , F2 is al -1 wh bonded to .
is always -1 when it is bonded t Fin LiF 1
another element
B v The oxidation number of oxygen in compounds ~ 0inNO; -2
[ is always -2
V" The oxidation number of oxygen in hydrogen 0'in H.0, -1
* peroxide H0zis-1 oo 5
+
¥ The oxidation number of oxygen in OFz is +1 R
6 v The oxidation number of hydrogen in most of Hin H:0 +1
its compounds is +1
v The oxidation number of hydrogen in hydrides Hin CaHz 1
is-1
| 7 || The sum of oxidation numbers of the atoms in a SO:* (+4)+3(-2)=-2
’ polyatomic ions is equal to the charge of the ions
, L 8 | The oxidation number of Group 11is +1 ‘ Kin KCl 1
Jis ala¥) auad ) dlae) 4 ’
9 | The oxidation number of Group 2 is +2 Ca in CaBr. +2
0508194296 ¥ : |
10 | The oxidation number of Group 13 is +3 Alin AlCl3 +3

Prepared by/ MR. Naeem Ele-mam Akl
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- agll dlasi Lia e

2 Al a0 Bl AR s a2 () i) 208D sa paal)

FVEL <l | TR PR
a. HNO,
- M s Jsa ER
+5
0 Cly,E; ,Bray, 0y, TP TS ER T S PRI (K
H;,Ma
b. Ca,N, :
_3 +2 Ca? R L) I - . BT £ il (gl ISErrL 20 a2
-1 Br
c. Sh,0, _
- -3 NHz 2 N At (W) gb po ol LB A S Al W s 5 sl e || 3
+5 - (L L PECENR- R - PP e T
-2 NO 2 O
-1 LiF .2 F Lasly =1 s bl e S S dulle W jeondl skl o [
oA ety Lagi e
-2 NO; 20 (358 1aobe -2 Lails g pluny € pall 3 i€V sl vo |5
. (4) o) 385 (-2) 2l
-1 Ha0p 20
+2 OF, £ 0
+1 H;0 £ H Syl P REAETRETE S P S | QL ERSTERITS W AC Uy (I
. (1) s
-1 CaH; = H
+1 KCl 2K (Solons Lo o (1S5 gm0 I3 1,2 AC penall nflall At | 7
. FAlsall il g sl e
+2 CaBr; = Ca
+3 AIC £ Al
(+2) +2(-1)=0 CaBr, e gsbear Jolata C€ o gl 5 28l olanl o pana || 8
{+-:'I.J +3{-g|§-2 S04 A N ‘_’;jl...f el [RETL Y 8 L P AL [ RS Foaxa ll 9

Challenge Determine the net change of oxida-
tion number of each of the elements in these

redox equations.
a. C + 0,— CO,

C,+4;,0, -2
b. Cl, + Znl, — ZnCl, + I,
I, +1; Cl, —1; Zn, no change
c. CdO + CO— Cd + CO,
C, +2; Cd, —2; O, no change

3 otiall e J8 a ST § S i sl il
YY1 s S Y Y slas

Cm + chm - Cozlm -2
_2. 0 !+4a C
Cl:cm+Zn[zm_’2nmzm+lzm

gurren 4 Ini—1.Cl:+1.1
€dO,,+CO, —Cd, +CO,, b

2(g)

,._..ﬁﬁ‘h() &—2..Cd~=+2<.C

Jie ala¥) and § dlas)
0508194296
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18 CHM.5.3.05.001.04 Distinguish between oxidation and reduction in terms of change in oxidation number textbook + table 1 161

¥v" When an atom is oxidized , its oxidation number increases
¥" When an atom is reduced , its oxidation number decreases
¥ A spectator ion : that ion takes no part in the reaction

change: —1 reduction
change: +1 oxidation

[ ¥ ¥

+1 =1 0 38 0

2KBr(aq) + Cl;(aq) —  2KCl(aq) + Bry(aq)
L 4

no change in oxidation number

T JIFAY S 5y COSIE B anslEl) sl o
2eaUalt Laad L8800 avasn ~

Jipst—1 Azt
8 PRI [ sty +1 s |
§ i ¥ ¥

8 p 2 2KBrag + Clzag, — 2KClag + Braag
> ¢ 4
X r s st aae 3o Y

2S5 gl g J3ER SIS G s%

x sl ToRia Sl (K*) pssSesd) gl sas

x p 220 goliall G

x ro—-elL L0 Lad oamy oL 03 By AeSUl 25 3 30 A Sz oM S e

o rx’:—‘“

el ¢ y < ) ves
\hpime s o e (gacey dlaltl, 07 ) (6 vn"'y', i sy'm» i

Lo 150l ) nd e Bliad g (el dp 0 e

NCJCT N RONON AeS S S

e EEIRVIPAEEE

BB a3 ol oy ok padondd Jeli A st -1 b ity A0 8 ]
) 3 2 Nt e

UG EHS ~ARS + Hy oesrwtsind iup VN At Sais fapspiasfin i aldided 2
S0 (St ) Ll K Joalid S 2 Agdasciaatadide

JAZS + 2A1 — BAR + ALS) Aty pata i fy o8 g 31 p le 0 B e el
PP WP R TR g e DO S
i N PN 43 ety MJJ,AU}‘C'mLL(‘-‘.JJ{,LQ-I'LJ-‘-?P.‘
dpe ot aia ppadl ) Jaii o VI e 4 e
SN GIABT IR et pelane Bl Judy g alidde Jaded ) S

A B
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CHM.5.3.05.002.03 Balance redox reaction in acidic medium using half-reaction method

+e: 5 +practice pr

s 166,167,168 and 169
+ problem solving strategy

20

CHM.5.3.05.002.05 Balance redox reaction in basic medium using half-reaction method

+e: 5 +practice pr

- 166,167,168 and 169
+ problem solving strategy B

iron can reduce many species that are oxidizing agents ( avariety of reduction half
reactions that involve the oxidation of Fe to Fe*%)

Redox reactions that oxizir 3 )

Reduction haI reaction

Ch+2e = 2CI-

0;+4e° = 20%

F2+2e = 2F-

2H++2e" = H;

Agt+e — Ag

Cu®*+2e” =Cu

+7 =2 +2 +3

Oxidation half-

Fe — Fe3%43e ‘
m When you put an iron nail into a solution of
copper (ll) sulfate
Solid copper metal is deposited on the iron

Overall reacrion

reaction (unbalanced)

Fe+Cl; — FeCls

Fe +0; — Fe;03

Fe+ F2 —FeF3

Fe + HBr —Hz + FeBrs

Fe +AgNO3 —Ag + Fe(NOs)a

Fe(s)+ CuSOaaq) — Cu(s)+ Fea(SOa)3(aq)

MnOs~ + Fe? - Fe* + Mn*

oxidation half- reaction
+2 +3
Fe?* > Fe¥*
+2 +3
Fe* > Fe*
+2 +3
Fe* - Fe+e
+2 +3
SFe?* > S5Fe*+5e”

MnOjs~ + 5Fe?* +8H*

+2
reduction half reaction

+7 +2
MnO;~ = Mn**

+7 +2
MnOs + 8H" = Mn* + 4H,0
+7 +2

MnOs + 8H® + 5e > Mn? + 4H.0

+7 +2
MnO, + 8H' + 5¢” - Mn?*' +4H;0

- Mn?* + 5Fe** + 4H,0

2MnO.: + 10Fe?” + 16H" - 2Mn?** + 10Fe*” + 8H.0

IMnOY + 10Fe’ + BH:0 = 2Mn™ + 10Fe™ + 16 OH

Prepared by/ MR. Na®
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24.

25.

Cr, 057 (aq) + I (ag) — Cr "(aq) + Ly(sXin
acid solution)

217 (ag) — 1:{s) + 2e” {oxidaticomn)

14H*{aq) + 6e— + Cr, 0,2 (aq) — 2Cr3+{aq)
+ FTHLOI) (reducticon)

Multiply oxidation half-reaction by 3 and add to
reduction half-reaction

14H*(aq) + 6e~ + CryO;2 (aq) + 61~ (aq) — Ily(s)
+ 2Cr* (aqg) + TH,L,O(I) + Ge—

14H ag) + {:rll:l-_,.l_{aq} =+ Gl (ag) — Jly(s)
+ 2Cr (aq) + TH,LO()

Mn2 " (aq) + Bi10., (aq) — MnO (aq)
+ Bift(agWin acid solution)

M2 * (ag) + AHL O} — MnO, {agl + Se—
+ BH Y (aqg) (oxidaticmn)

BiO; (aq) + Ie~ + 6HY(aq) — B (aq) + IHLZO(I)
{reducticon)

Multiply oxidation half-reaction by 3. huwltiply
reduction half-reaction by 5 and add to oxidatiomn
half-reaction.

IMn2+{aq) + 1ZH,O(l) + SBiIO, (aq) + 15e—
+ I0HY(ag) — IMnNO, {ag) + 15— + 24HY(aqg)
+ SBiZ (aq) + 15H,0Oq{I)

IMn2*(aq) + 5Bi0,; (aq) + 6H (aqg) — SMnO,—
(aq) + S5BiZ*(ag) + IH,O)

Challenge N.,Odg) + ClO (aq)— NO, (aq) +
Cl™ {ag) (in basic solution ). Hint: Add O and H in
the form of OH™ ions and H,O molecules.

GOH [ag) + N, O{g) — ZNO,—(aq) + d4a—

+ IHO(IMoxidaticm)

ClOo—(aq) + 2e— + HO(I}) — Cl—{ag) + 20H—

{aqi reducticor)

reduction half-reaction by 2 and add to oxidation

half-reaction.

BOH"(ag) + M, O{g) + ZCIO0—(ag) + Se— + ZH, O}

— 2NO " (ag) + 4™ + IHLO() + 20 {ag) +

A0OH [aqg)

N,O(g) + 2CIO (ag) + 20H (aqg) — 2ZNO, (ag)
+ 2C1I—(ag) + H,O{I)

Jie ala¥) ami | las)
0508194296

el Ja gl 8 20l Adalaal) (5 5) ala (gudas
P,+ H20(|) > PH3(g) +H2P02(aq)
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direction of electron and current flow
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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 textbook+ fiqures 1 and 2 175 and 176

0508194296

Ve
Activity 1

immersed in a solution of copper(ll) sulfate.

2]

Zinc strip Copper strip

e zinc metal is immersed in 1M
zinc sulfate solution,

e and copper metal in 1M copper

sulfate.

Zinc will be oxidized

while copper ions will be reduced

What do you think would happen if you separated the oxidation
half-reaction from the reduction half-reaction?

in which a zinc strip is immersed in a solution of zinc sulfate and a copper strip is

e wire joining the zinc and
copper strips provides a pathway for
the flow of electrons, but the pathway

is not complete.

e Electron transfer is still not possible.

The salt bridge and the wire provide an unbroken pathway for
electrical chargeto flow,

Oxidation |
half-cell | | Clis
| 4 Negative

| ions
SN Zntr

Redudion
~ half-cell

In— In¥* +2e” Cutt 4+2e" = Cu

Jas ¥y 3aSY) Jels a9
floas s.laY asll

alanie a2 Dlas ellally asldliziiaall 3y
(il S aasi)) Jlany

In — In** 4 2e” Cut 42" - Cu

O Fong dwslall 3 dnuall jee adlud) ibgd) ooz ludd) JLS) ) duslol! 3 dasall a3ls) s 2 JSd -
el dgs ) Yong duslall 3 dacall e dorgod) ibig¥) o e yLs) dg

The redax reaction provides
energy to light the bulb.

.
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| - Y / o2 o) Sl S TM 3 ulsul)
A \ y \ B & oo s i) bl Gl 30 b
| ‘ ] JGny e guloudly gua 5l o)
MW JalS ez sluall 1in oShy by 2SUY)
oSen ak alig 2N Jlan) JI

g_.,LJ..'. el 3 3
wulss cdad

Anode Negative electrode ( oxidation half -reaction)
Source of electrons

(zinc strip) _ . . :
Active metal ( smallest in reduction potential )

Cathode Positive electrode ( reduction — half -reaction)
Accept electrons

(copper strip ) . : . . .
Less active metal( highest in reduction potential )

Salt bridge or porous Maintain solution neutrally by allowing the passage ions from one side
barrier to another
Complete pathway
Allow to transfer negative ions to zinc side ,positive ions move through
it to copper side
Convert chemical energy into electric energy

Serve as a pathway for electrons to flow from zinc strip (anode ) to the
copper strip (cathode )

The redox reaction provides energy to light the bulb

an agar gel e s a permeable plug ions can move through it , solutions can not

in salt bridge

Electrolyte e An aqueous solution that conduct electricity (ions of same electrode )

e Salt bridge consist of tube containing a conducting solution of a soluble salt
(KChheld in place by an agar gel or other permeable plug ions can move through
it , solutions can not

e Salt bridge and the wire provide an unbroken pathway for electric charge to flow

e Without salt bridge zinc ions build up around zinc electrode and sulfate ions build
up around copper electrode

Jie ala¥) ami | das)
0508194296
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e KClis used in salt bridge because:
it forms a good jelly with agar-agar.
it is a strong electrolyte.
it is a good conductor of electricity
gl aS) S g Gaa A) ubd J g A gall G A aS) S ges dgalal) 3 olaiRl) (gn @
il udad ) ga Aol i 1)

Al dl) o) Al AR 84y Al el

(52SY) Je i Comi) L) Ladl
ab}j\SY\ Dlaa
(8 41 3540 3ga) Ttayl Sl

(I3 Jelii Caal) o gall caladll
b g S st
(S 4J) yis) AVEN) Walis JaY1 5lal

ey sV JEL et Cua A i Jgaa g (S 0¥) o) B5Y)

A Sl B lall sl

JEL prandd 5 Cppa A AR Caial gai(@l 1) Aallad) S oY) JUEL rend
ol L8 Caiad gt A gall il gl

A S Al ) Aileal) A8ULl) J gas

Sallaall 1AL rans Y 5 o) JESL s pabise Jala) 3ie 4ud sLEE A ALl 5kl 8 syl sale

((oaill) 2 1SH I ((Cppm)lR) 2531 e il g iSIY) iy cllud)

@JM\@#\&_\M\th\écgﬁj‘fjgﬁ\j:\ﬂ\dmﬁusu‘fud)&

(— Electron flow 7

Anode = | porousbarrier T | Cathode

Jie ala¥) ami | dlas)
0508194296

or salt bridge

Anions
-

Cations
—_—

Anode compartment  Cathode compartment
Oxidation occurs Reduction occurs
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CHM.5.3.05.007.03 Write the oxidation and reduction half-reactions occurring at cathode and anode for a voltaic cell

textbook 177 and 178

Anode Hydrogen electrode (H2) Zinc electrode ( Zn)
Cathode Copper eiéé't'r'aaé”("éu”)“'"""' = Hydrogen electrode (H2)
Anode H2(g)—2H" (aq)+2€" Zn—Zn**+2e”
reaction

Cathode Cu?*(ag) + 2~ — Cus) 2H* g+ 28~ —Hz(g)
reaction

overall Ha(g)+ Cu?*(aq) —2H"@aq)+ Cugs) Zn+2H*@ag—Zn?*+ Ha(g)
redox reaction

Cell notation

H2(@)l2 H*@ag) I Cu®*(ag) | Cus)

Zn(s)l Zn?*(aq) Il 2 H*(ag) | H2(q)

The final step in calculating electrochemical cell potential is to combine the copper and zinc half-cells as a voltaic cell.

The following reduction half-reactions represent the half-cells of

a voltaic cell.

las) + 267 — 2l7(aq) , E'=+0.536V
Fe**aq + 26" — Fei), E' =-0.44V

Determine
wthe overall cell reaction
wthe standard cell potential.

. Describe the cell using cell notation.

Solution :

Jie Al and | alac)
0508194296

(reduction half-cell reaction) Ilzs) + 26~ — 2l 7(ag)
(oxidation half-cell reaction) Few) — Fe?*(aq) + 2e”
The overall cell reaction is Few) + l2s) — 21 (@aq+ Fe*2aq)

0 _ o0 0
Ecell . Ereduction o onidation

© _ roO 0
Ecell S Elgll_ [ EFe|Fe?+

E2 ., = +0536V — (—0.447 V)

El.n = +0.983V

cell notation :

ot oy g1 S 1 Y1y ST el 05
Sy p gl

Mg* +2e- —»Mg  E°=-2.372V (wsk)

Ni2 + 2e- — Ni E° = —0.257 V (J1351)

Mg — Mg** + 2e

Ni** + 2e- — Ni

Mg + Ni** — Mg* + Ni 1 ASH At oL

E', =-0257V - (-2.372V) = +2.115V

Prepared by/ MR. Naeem Ele-mam Akl

Fes) | Fe¥*ag |l 12(s) 1 I'aq)

Sag gl SIS Lelad § 5 M sl 81 .12
] JiEY Jels Gl i
Ni** + 2e~ — Ni, yAg* ., + € —Ag, «d
2Ag* + Ni — 2Ag + Ni*
2H*  +2e"—H, Mg"  +2e Mg, .e
Mg + 2H* — Mg + H,

Fe* ., +3e"—Fe  Sn*  +2e"—Sn, .f

aq

2Fe**  +3Sn_ — 2Fe, + 3Sn*
(»q) ) (s) (aq

- .. -

)

pee  +2e =Pt JPbL +2e"—Pb +2I" .8

Pb +2I" . + P("(_v — PbL, +Pt

0508194296
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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-spontaneocus

textbook+ table 1+ example problem1
+practice problems

G g ) Al Ry Sl el G 1 L 3y e ey S AT i sl el LA il Al i 3 gead iy CHM.S.3.05.007.05

# 100+ 1 Jpmpeibl 08 el

- 1705169168 5167 5166 5165
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Calculate the cell potential to determine if each of the
following balanced redox reactions is spontancous as
written. Use Table 1 to help you determine the correct
half-reactions.

5.

ol

. Mg(s) + Pb2*(aq) — Pb(s) + Mg2*(aq

Sn(s) + Culf(aq) — Sn?*(aq) + Cu(s)

E_,=+0.3419 V — (—0.1375

E = +0.4794 V
0508194296

0
E_,> 0; spontaneous

E" = 0.1262 V- (-2.372 V)
0 _
E° =+2.246 V

Efﬂl> 0; spontaneous

. 2MnZ*(aq) + 8H20(1) + 10Hg¥*(aq) — 2MnO4(aq) +

16H*(aq) + 5Hg2*(aq)
E’,=0.920 V — (+1.507 V)

0 7
E’ — 0587V

Efel< 0; not spontaneous

. 250427(aq) + Co?*aq) — Col(s) + 52032 (aq)

E’, =028V _ (42.010 V)

0
E’ =220V

O -
E < 0; not spontaneous

Challenge Using Table 1, write the equation and

determine the cell voltage (E?) for the following cell.

Is the reaction spontancous?
AllA|HgHHg?

2Al(s) + 6HgX(aq) — 2Al**(aq) + 3Hg2*Y(aq)
E’,=0.920 V — (-1.662 V) =+2.582 V

The reaction is spontaneous.

13. Determine the standard potential for electrochemical
cells in which each equation represents the overall
cell reaction. Identity the reactions as spontaneous or
nonspontaneous as written.

a. 2Al¥(aq) + 3Cu(s) —» 3Cu*(aq) + 2Al(s)
E’ = 1.662V — (40.3419 V) = 2.004 V
nonspontaneous

b. HgX*(aq) + 2Cu*(aq) — 2Cu*(aq) + Hg(l)
E’ = 10851V _ (30.153 V) = 10.698 V
spontaneous

e. Cd(s) + 2NOs(aq) + 4H*(aq) — Cd*(aq) +
2NO2(g) + 2ZH20(1)

E:’El: +0.775V — (—0.4030 V) = +1.178 V

spontaneous
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—Sn** +Cu,_ .5

(aq) (aq) (s)

Sn, + Cu**

E’,=+0.3419 V- (-0.1375V)
EY, =+0.4794V

cell
L > 00% (166 Jelaat
Mg, +Pb*  —Pb +Mg* = .6
E’,=-0.1262V — (-2.372V)= +2.246 V
-E2 > 0 5% 1 51al e it
2Mn* _ +8H,0, + 10Hg*  — 7
2MnO,~ . + 16H*

1 (aq) (aq)

+ 5Hg,**

(aq)

E, =0.920V - (+1.507 V) = -0.587 V
ELy < 05N (GG 1l Jelann

+ Co?t

(aq) (aq)

250, —Co,+5,02,, -8

(aq)

E),=-028V-2.010V=-2.29V
E2 <00 ¢ A1l s Jelain

LV Pl g sl g cidslall ST 588 .9
¢S Jeldl s . 7—1 Jgudl Jlnzuls
AllA]:‘-(l,\h ”“gz-um 'llg_f*

(1M)

ZAI(S) + 6Hg?*>, = — 2Al3’(,q) +3Hg,* .,

(aq)
E?, =0.920V - (-1.662V) = +2.582V
GIEG Jelaat

J5 S o Al 5 SN Ll ol gt 53 13
ML) o Lol sl oy alsuld USTI Jelicl Aslae
Al e ri 5L oLl L sl

2AP* , +3Cu — 3Cu*  +2Al, .a
E? =-1.662V — (+0.3419V) = -2.004V
A5 s Jelaid

llg—”(am 23 2CU+(aql i zcu:-l‘mn 7 llg 'b

E°, = +0.851V — (+0.153 V) = +0.698 V

- lal Jelaun
Cdrs,|+2NO3_n_aq'+ 41 l+mq) =% -C
Ca*r,,+2NO, , + 2H,0,,
E?, =+0.775V — (-0.4030 V) =+1.178V
el Jelaun
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CHM.5.3.05.007.04 Write the cell notation and the overall chemical equation for a redox reaction occurring in a voltaic cell

textbook+ table 1+ example problem1

181,182,183 ,184 and 185
+practice problems

For each of these pairs of half-reactions, write the balanced
equation for the overall cell reaction and calculate the
standard cell potential. Express the reaction using cell
notation. Refer to the chapter on redox reactions to review
writing and balancing redox equations.

1. Pt¥*(aq) + 2e~ — Pt(s) and
Snl*(aq) + 2e~ — Sn(s)

Pt¥(aq) + Sn(s) — Pt(s) + Snl¥(aq)
E’, = +1.18 V — (-0.1375 V)
El, =+1.32V
Sn/Sn2[Pi2HPt
2. Co¥ (aq) + 2&= — Co(s)
Cri*(aq) + 3¢~ — Cr(s)
3Co¥(aq) + 2Cr(s) — 3Co(s) + 2Cr3(aq)
LU r
E ;=-028V —(—0.744 V)
LU r
E ,=+046V
Cr|Cr3|Co?*Co
3. Hg2*(aq) + 2e- — Hg(l)
Crit(aq) + 2~ — Cr(s)
HgM(aq) + Cr(s) — Hg(l) + Cri¥aq)
Efel= +0.851 V — (-0.913 V)
E’,=+1.764 V
Cr|Cr2Y|Hg*{Hg

4. Challenge Write the balanced equation for the cell
reaction and calculate the standard cell potential for
the reaction that occurs when these half-cells are
connected. Describe the reaction using cell notation.

NOs~ + 4Ht + 3¢ —= NO + 2ZH20

02+ 2H20 + 4 —» 40H-

4NOs3(aq) + 120H (aq) + 16H"aq) — 302(g)
+4NO(g) + 14H20(D)

E:J.j\)_aum AL Jelid 555 ya Uslan )
o e b N g | YT e Ll G
AST e Nsles 05 el 8 I R e

Ln..L...: Lz A=Yy

bt +2e =Pt ,5n* +2e”—Sn .1
PE* o + S0, = Pt +8n™
E°,=+1.18V _ (—0.1375V) = +1.32V
Sn|Sn2+||Pe+|Pt

~ o2y
Co (aq)

3(302*[“} + 2Cr{ﬂ — 3C0m + 2Cr* (aq)

+2e-—Co, ,Cr*  +3e”—Cr, .2

+
(aq)

B, =-0.28V — (~0.744 V) = +0.46 V
Cr|Cr*||Co?*|Co

Hg“mm + 2e” — Ilg{]] 3 Crz‘m] + 2e” — Cr[h] 3

Hg* ., +Cr,— Hg, + Cr*
E;

cel

(aq)

,=+0.851V - (-0.913V)= +1.764V
CrlCr>||Hg|Hg

g g A Jelad &y e Adsles L8108 4

sda b 5 an bedie ug gl e ladl L:3.,L_.a.ll i
A e, 8 e L3

NO,” + 4H* + 3e- — NO + 2H,0

0, + 2H,0 + 4e- — 40H-

4NO, . +120H- +16H*  — 30,
+4NO + 14H,0

2
E?, = +0.957 V- (+0.401 V) = +0.556 V
OH-|0,|INO,-INO

EYcen = 40.957 V — (4+0.401 V) Which balanced redox reaction is occurring in the voltaic cell represented by the notation of
EV e =+0.556 V Al(s)|AF (aq)||Pb*' (aq)|Pb(s)?
OH10:||NO+INO Select one:
) (O AP (aq) +Pb(s) — Al(s) + Pb*" (aq)
3 alal) amai ) dlas)
Jie # 5 O 2AP (aq) - 3Pb(s) — 2Al(s) + 3Pb*' (aq)
0508194296
® 2Al(s) +3Pb* (aq) —+ 2A1* (aq) + 3Ph(s)
O Al(s) + Pb*' (aq) — AP (aq) + Pb(s)
- - - —
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Figure 25 illustrates a voltaic cell consisting of a
strip of zinc 1 a 1 00 solution of zinc nitrate and a

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

a. Identify the anode.
The anode is zinc.
b. Identify the cathode.
The cathode is silver.
c. Where does oxidation occur?
Oxidation occurs at the zinc electrode
d. Where does reduction occur?
Reduction occurs at the silver electrode.

e. In which direction 1s the current flowing through
the connecting wire?

The current flows from the zinc electrode to the
silver electrode.

f. In which direction are positive 1ons flowing
through the salt bridge?

Positive ions flow from the anode half-cell to
the cathode half-cell.

g. What is the cell potential?
E® = 40.7996 V — (—0.7618 V) = +1.5614 V

Anode reaction : Zn =2 Zn?%" + 2¢

Cathode reaction : 2Ag" +2e” 2 2Ag

(il 1) Jelin) 4 s 030 e )24
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1 atm 4 25°C e 2031 2> Le
E°= + 0.7996 V- (- 0.7618 V)
E°=+1.5614V

36N Jelds
39l Jolds

Over all reaction of cell : Zn + 2Ag* 2 Zn?* + 2Ag ASI A Jolds
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' Al bory 7—26 S B S A
The setup in Figure 26 acts as a battery. 2olay o Lons JSa 8

\
Jo—
Rubber —-

stopper ‘
" Cu i | Cu
Cus0, CuS0O,
Maz50, ?L:E!:;;s Na,S0y Bdie dad gl

a. Determine the reaction that takes place at the
copper strip.

7-26 }S..J‘ |

el dakad e ug ! Jelidl sl L2

Cu’**ions are reduced.

2 - (] b
Cu**+2e~ —Cu CU palnit) I 55

oyl Al e o0 I Jelidl s> b
Mg’ — Mg** + 2~ Mg asuwaalt awsis

Cu?t 4 2e¢- — Cu°
b. Determine the reaction that takes place at the
magnesium strip.
The magnesium is oxidized.
Mg® = Mg'*+ 2e”

.:)J‘\ll.s:b- .C

c. Identify the anode. Jie ala¥) ami i dlas) PORIRLT T pEITI
the magnesium wire 0508194296 5 S e od
d. Identify the cathode. oulonid! Aalad

the copper strip

e. Calculate the standard cell potential for
this battery.

':"iJLh'.""I PRPS &”L:B‘ 2._.1;-‘ de- g_‘,....,.>\ .
E=+0.3419V- (-2.372V) = + 2.714V

E! —03410V —(-2.372 V) =+2.714 V

CHM.5.3.05.011.01 Describe how a spontaneous redox reaction of an electrochemical cell can be reversed textbook + fiqure 18 197

Ayl y % ATl ) il elinl ke el ol jad ey i cin; CHM.5.3.05.011.01 19 Jol 4 Ghlall A8 el 182

Voltic (galvanic ) cell Electrolytic (analytical )cell

o= fow i e _
— — - — Voltage F ~

source

™ Copper

Vohaic cell Electrolytic cell

Prepared by/ MR. Naeem Ele-mam Akl

Convert chemical energy into electrical energy

Convert electric energy into chemical energy

spontaneous redox reaction.

Non spontaneous redox reaction.

Potential of cell is positive

Potential of cell is negative

Anode (-) , oxodaion

Anode (+) , oxidation

Cathode (+) , reduction

Cathode (-) , reduction

Not use an external voltage source.

using an external voltage source.

In this voltaic cell, the oxidation of zinc

supplies the electrons to light the bulb and

reduce copper ions. The spontaneous

reaction continues until the zinc is used up.

When an outside voltage is applied, the flow

of electrons is reversed and the
nonspontaneous reaction occurs, which
restores the conditions of the cell.

0508194296



> Reversing Redox Reactions:
v" When a battery generates electric current, electrons given up at the
anode flow through an external circuit to the cathode, where they are
used in a reduction reaction.

v One electrochemical cell is supplying power to a lightbulb
by means of a spontaneous redox reaction

v" Electrons flow spontaneously from the zinc side to the copper side,
creating an electric current.

v" The reaction continues until the zinc strip is used up, and then the reaction
stops.

v" However, the cell can be regenerated if current is applied in the
reverse direction using an external voltage source.

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

v when a secondary battery is recharged, it is acting as an electrolytic cell.

v The voltage source is required because the reverse reaction is
nonspontaneous.

v"  If the voltage source is applied long enough, the cell will return to nearly
its original strength

d8La) 35k oo Zn- Cu (Al sil) Lglital) L080 Jaks JI AN 5 5ausY) cMelis (uSS oSay v/

U e gl Ll O cdle Ul (el dglilal) Al aga (e sS) (RMa) AR 4 e

AR (S 2 jdan Ala) die g Ldlils IS Jaad duilianS 5 S LA o JUa b Ay gl A
(oadd) las) J8 cpa cuilS LS GUBY) IS Balatia) ally Eupa A0l g <) 4IRS Jani

Unlike the spontaneous reaction that accurs in a galvanic cell, an electrolytic cell...

() iswhen the reverse redox reactions oceur to produce electricity.

Jie ala¥) asi | dlae)
0508194296

() isthe recharging of a battery.
O uses an external source of electrical energy to force nonspontaneous redox reactions to occur,
O requires electrons.

Which of the following redox reactions do you expect 1o occur sponianecusly in the reverse direction?

Check all that apply. Calculate the value of E°cen for the following reaction:

2Au(s) + 3Ca*(ag) — 2Au**(ag) + 3Ca(s)
Auv*'(ag) + 3¢~ — Au(s) E°=150V
Ca®"(ag) + 2e~ — Ca(s) °= 287V
O 2Ag* (aa) 4 Ni(s) - 2g(s) + N+ (as) A) 437V B) -137V C) -11.6V D) 137V E) 437V

O 2A1(s) + 3Pb** (aq) —» 241" (aq) + 3Pbis)
() Fe(s) + Cr** (ag) = Fe* (aq) + Cr(s)

O Ca** (aq) + Zn(s) — Ca(s) + Zn** (aq)
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