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Key Principles

to focus on while studying this chapter

¢ QOxidation-reduction (redox) reactions involve the movement of electrons
from one reactant to another. The half-reaction method of balancing redox
reactions separates the overall reaction into two half-reactions, which mimics
the actual separation of an electrochemical cell into two half-cells. Two types
of electrochemical cells are distinguished by whether they generate electrical
energy (voltaic) or use it (electrolytic). In both types of cell, electrodes dip into
an electrolyte solution, the oxidation half-reaction occurs at the anode, and the
reduction half-reaction occurs at the cathode. (Section 21.1)

¢ A voltaic cell houses a spontaneous redox reaction (AG < Q) and releases
electrical energy. Electrons flow from anode to cathode through an external
circuit, and ions flow through a salt bridge to complete the circuit and balance
the charge within the cell. (Section 21.2)

* The anode has a greater ability to give up electrons than the cathode, and
the cell potential, or voltage (E_,), is related to this difference. A negative AG
(spontaneous reaction) correlates with a positive E_. Under standard-state
conditions, each half-reaction is associated with a standard electrode potential
(E}.je.can)- Pairs of half-reactions can be combined to determine unknown
electrode potentials and to write spontaneous redox reactions. (Section 21.3)
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* The standard free energy change (AG’), the standard cell potential (E2,), and the
equilibrium constant (K) are interrelated. (Section 21.4)

* E_;changes during operation of a cell. The Nernst equation shows that E_
depends on EZ and a term that corrects for nonstandard concentrations.
During operation, the reactant concentration starts out higher than the product
concentration and gradually decreases until Q = K and the cell can do no more
work. (Section 21.4)

* In a concentration cell, both half-cells house the same half-reaction, but the
solution concentrations are different. During operation, the solution in the anode
half-cell spontaneously becomes more concentrated and that in the cathode half-
cell becomes less concentrated until the concentrations are equal. (Section 21.4)

¢ A battery is a group of voltaic cells arranged in series. In a primary battery,
reactants become products until equilibrium is reached, at which point the
battery is “dead.” A secondary battery can be recharged by using an external
source of electricity to convert the products back into reactants. In a fuel cell,
reactants enter and products leave continually. (Section 21.5)

10/8/2024 9:24 AM 3

* Corrosion is a natural, spontaneous, electrochemical process with similarities to
the operation of a voltaic cell. It is a major economic problem because the anode
is typically a metal tool or structure. (Section 21.6)

* Inan electrolytic cell, an external source of electricity drives a nonspontaneous
redox reaction (AG > 0). In the electrolysis of a molten binary salt, the cation is
reduced to the metal and the anion is oxidized to the nonmetal. For an aqueous
salt solution, the products depend on whether water or one of the ions requires
less energy to be reduced or oxidized. (Section 21.7)

* Electrolysis is employed industrially to isolate elements from their ores. In some
cases, a product (usually a gas) may form so slowly (high activation energy) that a
higher-than-expected voltage (overvoltage) must be applied. (Section 21.7)

¢ The amount of product formed is proportional to the quantity of charge flowing
through the cell (Faraday’s law). (Section 21.7)

10/8/2024 9:24 AM 4
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CN#)
electromotive force)
NERNST SHAIRRANURUNU
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EVERYDAY LIFE USE

e Turning chemical energy into
electrical energy.

o Liquid acid battery holding

electricity.

» A generator converts chemical
energy into mechanical energy
then into electrical energy.

10/8/2024 9:24 AM 7

¢ USAYUISHHSGEHINRUISSSENIMUSSYUHS
=REI
YUSHguEsS

o USHMIUIRSGISHEUS

. G HeTNMASISIUTIHSSE S

v

ELECTROCHEMISTRY
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Some technologies based on Flectrochemistry

10/8/2024 9:24 AM 9

Oxidation and Reduction with respect to Oxygen Transfer

« Oxidation is the gain of oxygen.
* Reduction is the loss of oxygen.
* Oxidizing agents give oxygen to another substance.

* Reducing agents remove oxygen from another substance.

reduction

v

FeoO3 + 3CO ——» 2Fe + 3CO2

f

oxidation

10/8/2024 9:24 AM 10
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Oxidation and reduction in terms of hydrogen transfer

« Oxidation is the loss of hydrogen.

* Reduction is the gain of hydrogen.

CH3CH20H » CHsCHO

!

oxldation by loss of hydrogen

10/8/2024 9:24 AM 11

Oxidation and reduction in terms of electron transfer

e Oxidation is loss of electrons
* Reduction is gain of electrons

reduction by gain of electrons

| v

Cuz2+ + Mg ———» Cu + Mg2+

| f

oxidation by loss of electrons

10/8/2024 9:24 AM 12
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v 1

. a%mﬁjmjﬁé&’npﬁﬁgj—gﬁﬁmmﬁgfﬁEU%

o

¢ NMYUNUTNSULNMIENWUSSYISSIISHASAROS

~b

UlIUHMNMHS I SUMNMUNIUHE IS

0 0 2+ 2-

2Mg (s) + O, (g) —2MgO (s)

2Mg——=2Mg?* + de”  mEsuNUUSHYHAESSY (Chie.)

O. + de- > 202 MASUNIUUSSYUESY (S100Me-)
2
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“; u.

¢ HEUSAY—ISHS G AINWUISSAS,AIMNSSISHAUSHY,HMA

ISISHETS
¢ UEAY—SIINMIHSSER; SWG:G8SSHAUSHAY;HA U IuSSIWwG:
¢ EIFRIHSUSAY -GS SUIHSGER [UISSIBUIRUSSY

¢ ESMIUEAY-—ERBIHSGER UISSIRUIRHA/USAY
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You can't have one... without the other!

¢ USSY (GINMHSSIER) BSHMSISaSIOMSHAUS /YR UIH
SGEIH

¢ HESSHISEISHAUSAYNIUUESSYAISRUBMITSYW

~b ~b1

LEO the lion says GER!

wso-S~+0Mm—
SO —two—Xx
SO~ ~+0ocaom

GER!
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|| Review of Oxidation numbers ||

USHHISYEISHRUIUAN (U st AR iOIH S| SIS Rt SIRISIH Y

1. ST (MNESGUR) NSCGSSHANSRYINNUIS]

Na, Be, K, Pb, H,, O,, P, =0

2. BRAWUROMNMNSY, GSSHAUSAYSIUISISRUISUTHIWH

Li*, Li=+1; Fe3*, Fe=+3; 0%,0=-2

3. MGISIGISHAUSAYIUNHANTIUST -2, 541 H,0,SH 0,2 & -1,

10/8/2024 9:24 AM 17

4, SSSHANSAYIUNHETIUSIY +11ITSIUUEMUMMGHUEStUYW

NSRBI SIS AN SCSSHANSAYIN -1,

~b

5. NUL{EY A DISGISHSUSHAY +11INULSUIA B +2 SHEWHIS -1,
6. RIUUMGSSHAUSAYISHOUSIHSNWARDIUS UUYHWHRS1U1S]
SHUSAUTDIUSUYSWHIS
IBGISHANSAYISHMOUSUWIINIUSISHR HCO, ?
HCO,"
O0=-2 H=+1
3x(-2)+1+7?=-1

C=+4

10/8/2024 9:24 AM 18
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HFUSMAY Fe?* 151 Fe3* 1ENLW Cr,0,% SRR S?
1. UNNINBMIBSNSEISUSHUENUUSSYUSRUUNSHUR
Fe?* + Cr,0,> —— Fe3* + Cr3*
1. IsHmgmnsitmasamuuSsgas
+2 +3
HMS™Y(Oxidation):Fe?t ———  Fe’*
+6 +3
UE™MY(Reduction) :Cr,0;7  ——  Cr¥*

1. SHHISY 0 SHHERMASUNUUSHAYSYWI

Cr,0,  —— 2Cr*

10/8/2024 9:24 AM 19

FUISH{USHSYIEM (Balancing Redox Equations)

4. NENUUSHAYSRMASUISEEHA H,0189]SHMSE 0SH H+ 185 ISKmsayY
H
Cr,0,% —— 2Cr3*+ 7H,0
14H* + Cr,0,2 —— 2Cr3* + 7H,0

o o =3

5. UlgmiHgoEmshitagonismasunuusSsEISgjuSRUSS

Fe?* ——— Fe¥'+
14H++ Cr,0.2 — 2Cr3* + 7H,0

6. CHMAIMNSICNS ISEESUSHGSSIHSGERSHMARAMUNEMISIENI
N WIS AN AR LM mmﬁmjémtaﬁmmajaj

6Fe?* — s  6Fe3* +6e

6e + 14H*+Cr,0,> ——»  2Cr*+7H,0
10/8/2024 9:24 AM 20
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‘r’ﬂiﬁﬁ ﬁjiﬁmﬁﬁmﬁ,?‘? (Balancing Redox Equations)

7. uiswishilmasgmuusmnsiimisiomBgj e mISHIMUESUSH

INWAMIESOSHIGSSIHG S HISTHRSIHANSiuUIThY
HM®S™Y (Oxidation): 6Fe> —— 6Fe’ 366

118™Y (Reduction): )Se’+ 14H* + Cr,0,> —— 2Cr3* + 7H,0

14H* + Cr,0,% + 6Fe?* —>  6Fe3 + 2Cr3* + 7H,0
8. EENSHIBUSISHSUSHUSMSLISSSHUIST
14x1 -2 + 6x2 = 24 = 6x3 + 2x3

9. UENUUSHYS RN, UISY OH 185 BHE SIRMINSSMINENUH S

~b o L]

SWITRUIASISRARUBAUGHIMIWIESIGUS H SH OH 185U H,0

10/8/2024 9:24 AM 21

g 9 HRNMIABIIANY BEjumMARRRRNEISANNENE (1) whw oy

BHMAMAMnO, ) ISTRNAIALATjHMAT IHE]3GTS (1) NnEhEhmiAnaEHRE

(MnO- ) 1

6I + 2MnOy + 4H,0 ——m> 3, + 2MnO, + 80OH

10/8/2024 9:24 AM 22



gumien AitHT

b)

1. gISv UM gRSM UM B[S HE B[R

a- H0, + Fe'— > Fe'" + H,0 (AR

#49 4 Ccu + HNO, —> Cu¥ + NO + H,0 CfHegajta]tni
#50 ’ ‘
¢- CN" + MnOy —> CNO™ + MnO2 HiIgRItuajHme
#51 ‘ '
gep & Br > BrOy + Br ([MANUARIMID)

e- S,00 + L —> T + $,07 (GHamajima
2. BB EMIMGHSNI MY MuGaHG SN
#53 a- Mo + H0, —> MnO; + H0 ([HIQIRJN0N)
#54  b- Bi(OH); + SnO; — > SnOF + Bi (IR RILDAT]HTAD
#95 . G

#58 d- ClO3 + CI———> Cl, + ClO, (HHUAIAINEATN)

10/8/2024 9:24 AM

23
1
2+ 2
Mn  +H;O0» —— M0, +H>0O
Mn’"+2H0 — 5 MnOs+4H +2¢ N . 1
> 2Fe’t + Hy05 4 2H = 2Fe’' + 2H,0
Hy0,+2H +2¢7 —— 2H;0
Mn® + H)O2 + 26 ——> MnOp+2H +2¢
o . —
2Bi(OH)s + 35002" — > 2Bi+ 3H;0 + 3Sn01°
Mn™ + Hy0; ——> MnOj+2H" i(OH)s + 35002 1454 uO3
Mo’ + H200 + 20H” — 5 MnO»+ 2H" + 206 C) 3,04 +Cr0; +14H" — 6C0O,+2Cr"" + TH,0

Ma™* +Hy0;+ 208" — MOy + 25,0

d) 20 +20105+4H" — C1+2C10; + 2H,0

3Cu+ 6H' + 2HNO; — 3Cu"" + 2NO + 4H:0
() 3CN +2MnOjs +H:0 — 3CNO™ + 2MnO;: + 20H™

(d) 3Br,+60H — BrO; +5Br + 3H,0

 _ - —_
€)  128:0:7 413 = S406° +2I

3Cu+6H' + 2HNO; — 3Cu’' +2NO + 4H-0

10/8/2024 9:24 AM 24
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19.1 Balance the following redox equations by the ion-
electron method:

(a) H,0, + Fe** —— Fe’" + H,0 (in acidic
solution)

(b) Cu + HNO; — Cu”" + NO + H,O (in
acidic solution)

(c) CN + MnOy; —— CNO + MnO, (in
basic solution)

(d) Br — BrO; + Br (in basic solution)

() S,05 + 1, —> I” + S,0: (in acidic
solution)

10/8/2024 9:24 AM 25

(a) The problem is given in 1ionic form, so combining Steps 1 and 2. the half-reactions are:
oxidation: Fe't - Fe
reduction: H»0> — H20

2+ 3+ —
Fe= — Fe +e

HO, — 2H:0
H-0,+2H — 2H,0

H,0;+2H +2¢ — 2H,0
2Fe’ > Fel+e)
H,05+2H +2¢ - 2H,0
2Fe™ + Hy02 + 2H 4+ 267 — 2Fet + 2H:0 + 26~

IFet + Hy0, 4+ 2HT = 2Fe’T 4 2H,0

10/8/2024 9:24 AM 26
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{(b) The problem is given i ionic form. so combining Steps 1 and 2, the half-reactions are:
oxidation: Cuo — Cu2+
reduction: HNO3; — NO

2+ -
Cu = Cu +2e
HNO3z; — NO+ 2H20

3H + HNO3 — NO +2H,0
3H" + HNO3 + 3¢ — NO + 2H,0

3(Cu = Cu +2¢)
2(3H" + HNO; + 3¢ — NO + 2H>0)

3Cu + 6H' + 2HNO; + 62 —> 3Cu> + 2NO + 4H,0 + 6¢

3Cu+ 6H' + 2HNO3 — 3Cu"" + 2NO + 4H,0

10/8/2024 9:24 AM 27

(¢) 3CN +2MnO4 +H:0 — 3CNO™ + 2MnO3 + 20H
(d) 3Br»+60H — BrO; +5Br + 3H,0

oxidation: 28,057 = $406
reduction: L = 2T
2-
252037 — 5405 +2e

Lh+2e — 2T

28,03 412 = S406° +21

10/8/2024 9:24 AM 28
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NS (Galvanic Cells)

m ﬂ,ﬂ ﬁ(-) Voltmctcr ﬁj ﬁ(
v ) +
HANEAY 4 —‘je ) UEAY

Zinc Copper

anodc =00 K== cathode
| Salt bridge | ‘
l I-
Cotton i I \
SC%_ plugs
So‘ﬁ_‘f‘?ﬂi?‘—ﬁalﬁ“ﬁi
LS

\ o) It} re
Egell - Ef:’alhocle o

Zn is oxidized Cu® is reduced
10/ 822R% A%h H84. to Cu at cathode. 29
Zn(s) —= Zn"*(ag) + 2¢ ‘ 2e” + Cu™*(ag) —= Cu(s)

Cu half-cell
(cathode; reduction)

Zn half-cell
(anode; oxidation)

Figure 21.6 Measuring the standard cell
potential of a zinc-copper cell.
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AUANS B = E° _ Eo
MNSUENSRUSHIUHAUSING cell cathode anode
NS SHMSSHIUTIoN:
-Aruitusn (cell voltage)
o SIHHA ST (emf)

o Usitsiryjuricu (cell potential)

SN
n (s) + Cu?* (aq) — Cu (s) + Zn?* (aq)
[Cu]=1M&[Zn**]=1M

Zn (s) | Zn?* (1 M) || Cu?* (1 M) | Cu (s)
Anode(-) Cathode(+)

10/8/2024 9:24 AM 31

USRI UUESYREN
USRS AYUREN (F9) SimniEus s sHmgw
USHUUESEISIHSGEMSTINUIE U SINWSIHHD

HSHAUNUL M SRF\USUSISTUENtIl atmd

<— H, gas at 1 atm

[USHYUESY

2e + 2H* (1 M)—— H, (1 atm)

Pt electrode

E0=0.00 V

1M HCI

Standard hydrogen electrode (SHE)

10/8/2024 9:24 AM 32
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USHTjuuss |
Standard Reduction Potentials

Voltmeter

A

o [
Zn <— H, gas at | atm

n Salt bridge

II ]
=

1 M ZnSO, 1 M HCI

Zn (s) | Zn%* (1 M) || H* (1 M) | H, (1 atm) | Pt (s)

Anode (oxidation): Zn (s)—— Zn?* (1 M) + 2e-
Cathode (reduction): 2e- + 2H* (1 M)—/— H, (1 atm)

Zn (s) + 2H* (1 M) —— Zn?* + H, (1 atm) 3

Pt electrode

10/8/2024 9:24 AM

3

Voltmeter
Anode Cathode

) (+) |

—

—— — —

Oxidation half-reaction

. 72+ - . ..
Znls) 7= 7 (aq) + 20 Figure 21.7 Determining an unknown

Reduction half-reaction ;alf-cell with the standard reference
2H307 (aq) + 26~ —= Hy(g) + 2H,0(/) (hydrogen) electrode. The magnified view
of the hydrogen half-reaction (right) shows
two H;O* ions being reduced to two H,0
molecules and an H, molecule, which
enters the H, bubble.

Qverall (cell) reaction
Zn(s) + 2H30* (aq) —= Zn?*(aq) + Ha(g) + 2H,0(1)

10/8/2024 9:24 AM 34
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Té‘ﬁﬁfmjmijﬁﬁ‘ggjﬁﬁn‘

E8e|| - 076 V -'E‘EE]] — E‘Eamm - Egnme
Voltmeter
e~ ; e~
. PR Standard emf (E&\)
.I Salt bridge
0 =FO - FO
I| EceII Ecathode Eanode
Il |
= Pt electrode
1 M ZnSO, 1 M HCI1
+ Zinc electrode Hydrogen electrode
OSSR, o, - atm) | Pt (s)

Eden = E|(4)7H2 } EZOr1272n
0.76 V=0 - E§n2+,Zn
E§n2+,2n =-0.76 V

ZnZ* (1.M),+ 26e ——Zn E9=-0.76 V

/8/2 35

USRI UUIESY I REN

Ege" =0.34V

Voltmeter 0 — 0 _ 0
o o Ecell_ Ecathode Eanode

(e
EQO, =EQ 2+ — EO-+
cell Cu“’/Cu H /Ho
H, gas at 1 atm —> Cu

Salt bridge 0.34V= E((): 2* oy - 0
EQ 2+, =0.34V

Pt electrode

1 M HCI
Hydrogen electrode Copper electrode
Pt (s) | H, (1 atm) | H* (1 M) || Cu?* (1 M) | Cu (s)
Anode (oxidation): H, (1 atm) — 2H* (1 M) + 2e-

Cathode (reduction): 2e- + Cu?* (1 M)—— Cu (s)
H, (1 atm) + Cu2* (1 M) —— Cu (s) + 2H* (1 M)

10/8/2024 9:
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Galvanic

FIEE)- EO(FNANS)= 0.34V — (-0.76V)= 1.10V

l

Electromotive force

Zn*(ag) + 2e” — Zn(s) ES  (ES 4 [ reduction |
Cu’*(ag) + 2¢~ — Cu(s) Eopper (Eahoas)  [reduction]

Zn(s) —— Zn” " (aqg) + 2e~ [oxidation |
Cu’*(ag) + 2 —— Cu(s) ' reduction |

o _ o
cell — Empper o Eginc

Ege]l — gaxhnde (reduction) :mde (oxidation)
10/8/2024 9:24 AM 37
2H (aq) + 267 — H,(p) ° ference — 0.00 V [cathode; reduction
Zn(s) —> Zn**(aq) + 2e” ES._ =7V |[anode; oxidation]
Zu(s) + 2H (ag) — Zn* " (ag) + Hy(g) °1 =076V
I:u:;:ll — zalhodc - Egnndc = Eorcfcrcrn:c - Eginc
E?l:inc — I:;cfra:n:nu;:»c - Ecoi:ll = 00{} v - 076 V — _076 V

Now we can return to the zinc-copper cell and use the measured E_; (1.10 V)

and the value we just found for E7, to calculate E, ..

‘;HZE;ME_EOME:EONPPEI_E;DB
E e = Ey + E2e = 110V + (=076 V) = 034V
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TABLE 19.1 B EO ﬁ ﬁjLHj T_'TE_jﬁ ﬁBLﬁj’tﬂ Sgitegis
Hali-Reaction E'V) e
L Falgh+ 2e™ — W iyl +2.47 | Do e .
'L.’L'I"“.'u;f'lf""ﬂlf_’.u_-'.";;l“-"*’ ffitacs IT:: FOMITTTINDS SISV 1SN
Hihdiagh + 2H* () + 26~ — THA 17 = !
PhO(xh + 4H () # SO5 L) 4 27— PhEOG0 4 2H:0 41,70 =N /=N
Ce*“fugh + ¢~ — Ce™ ay) 5 +1.61 IiﬁﬁB(Hﬁﬁjﬁﬁj) T’_\H_‘G‘I Uy Im
Mnﬂ. farh + BH® ) + S — Mn™ “fang) +4H,0 +1.51 1 b 1 9 -~
AU gl by — A5 + 1,50
l.‘l_-u.-!_+ :;"_4,%?1':.!“ S L ‘” ':Il'lﬁ - ) - ~
etdfl M o i A g e (USHMYMARLMUNUAISIgN
sig) 4+ AH" [ag) + de™ — THL 11 v £l
Braih + 3¢™ — 280 (rag) +1.07
N0 ii:u;p + -1H'_|m-|l;l - ‘w;‘—- NKg) + XH,0O +11,1 5 =
o e e | eEUEN FO UIIUAMIUAMUSAYEITNS
:.f' ‘tlr:::alp:?' :J:;EI'I":.'JWII ::::ﬂ .
MaO (o) + B0+ e — s + 40 s | [S]U
E-. Tuis) + 2~ —s A {ug) +11.53 i;
;‘. l:l,-l_j.:_l + 20 f_-(}:i' de ——= I e + 14401 ;'
£ gl + 27— Culah +i1, 14 = =] v ' =Y a
B e Auln O o) he 2 eaiTAMMASIYSISMARIMUAUES
B S00 " lng) + 4H " (ag) + 2eT —= S04g) + 2H0 +0.20 £ I S v &1
El ﬂ.'u"'_'t.x;l + :-'_—r Cu ‘;ll"n +01,18 i | ~ o -
: ?:’._:'.:t“.' g o H ISEIUUSIY 199
S No a2
B Nittlagh + 2e" — Nifs) =i}.25 £
E ‘.‘l]"'lm,ll + 2" — Colsh : =3 ‘é |
7 PRS00} + 2™ — Phix) + SO5 (g |
l.'ll_' *log) + 207 — Ciix) ={l,di}
J-‘-.': ") + 1":: —= Fela) =144
':'rI:ld.jP + i —-1_?‘11’ ] —1,74
07 ugh # 2o —— Enis) =176
ZH.0 * 27— Halgd + DOH fugd =0.Ex
M) + 26— Mnish —i.18
.\I_ lagh + e~ ——= A5} =166
Hl:'::.u._ra- + ]‘: ot Beish :‘I‘::S
L gz T B 39
Ca g + 26~ — Ciix) =167
oot bl o ) e
Table 21.2 Selected Standard Electrode Potentials (298 K)
Half-Reaction ES aiicen (V)
Fa(g) + 26 =—— 2F (aq) +2.87
Clo(g) + 2~ = 2Cl (aq) +1.36
MnO,(s) + 4H  (ag) + 2¢~ —= Mn”>"(aq) + 2H,O(]) +1.23
NO: (ag) + 4H (ag) + 3e” == NO(g) + 2H,0()) @ +0.96
Agtlag) + e~ = Ag(s) o +0.80
Fe’ " (ag) + e~ — Fe’(aq) < +0.77
g O»(g) + 2H-O() + 4¢ —— 40H (agq) Q +0.40
X Cu’"(ag) +2e~ = Cu(s) g_ +0.34
5 2H"(aq) + 2¢~ — Ha(g) s 0.00
£ Nx(g) + SH (ag) + 46— == N>Hs(aq) a —0.23
£ Fe’"(aq) + 2~ —= Fe(s) —044
& 7n* (ag) + 267 — Zn(s) —0.76
2H,0(l) + 2e =—— Ha(g) + 20H (aq) —0.83
Na'(ag) + e~ == Na(s) —2.71
LiT(ag) + e~ = Li(s) —3.05
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[£3%5 Cd B3R YWAIHC(NO,), FUNULO0 M SHIHEGIEI Cr R waH
Cr(NO,), SUNU1.0M ?
Cd?* (aq) +2ee——Cd (s) E®=-0.40V CdHmdmIgHmsE
Cr* (aq) + 3¢ ——Cr(s) E0=-0.74\y  CdSHHRRARGC
Anode (oxidation) Cr (s) — Cr¥* (1 M) +(3e) x 2
Cathode (reduction): (2€) + Ce?* (1 M)——Cd (s) x 3

2Cr (s) + 3Cd2* (1 M) —— 3Cd (s) + 2Cr3* (1 M)

Edei = E

cathode ~ Eél)node
EQ, = -0.40 — (-0.74)
ES =034V
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USAguEmMmSSISiHAsaN
Spontaneity of Redox Reactions

AG - 'nFEce" o " o o
n= G%S@WIH%GLﬁihﬁﬁpﬁﬁg

J
AG®=-nFEQ, F =96,500 ———— = 96,500 C/mol

V - mol

AGO = -RT InK = .nFE0. A6 Ulsuprstunmiaiagi

cell

o _RT (8.314 YK:mal) 298}() o %l
cell ™ nF "~ n (96,500 9(V-mol)

0.0257 V,

Egn = n ®<
0.0592 V,

Ecen = n @(

10/8/2024 9:24 AM

AG®) < AG® = -RTInK -
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EXAMPLE 19.3

A galvanic cell consists of a Mg electrode in a 1.0 M Mg(NQ;), solution and a Ag
electrode in a 1.0 M AgNO; solution. Calculate the standard emf of this cell at 25°C.

Strategy At first it may not be clear how to assign the electrodes in the galvanic cell.
From Table 19.1 we write the standard reduction potentials of Ag and Mg and apply
the diagonal rule to determine which is the anode and which is the cathode.

10/8/2024 9:24 AM 43

Solution The standard reduction potentials are

Agt(10M) + e — Ag(s) =080V
Mg (1.0 M) + 2e- — Me(s) E°=-23TV

Applying the diagonal rule, we see that Ag™ will oxidize Mg:

Anode (oxidation): Mg(s) — Mg?+{].{] M) + 2&
Cathode (reduction): 2Ag"(10M) + 26 — 2Ag(s)

Overall: Mg(s) + 2Az" (1.0M) — MgH{].{] M) + 2Ag(s)

Note that in order to balance the overall equation we multiplied the reduction of
Ag™® by 2. We can do so because, as an intensive property, E” is not affected by
this procedure. We find the emf of the cell by using Equation (19.1) and

Table 19.1:

Ecen = ECanode — Eancde
= Exgriag — Emg* g
=080V — (—-237TV)
=317V

Check The positive value of E® shows that the forward reaction is favored.
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Practice Exercise What is the standard emf of a galvanic cell made of a Cd
electrode in a 1.0 M Cd(NOs), solution and a Cr electrode in a 1.0 M Cr(NO;),
solution at 25°C?

10/8/2024 9:24 AM 45

[USHEUEAISMISRAMAAN
Spontaneity of Redox Reactions | M2 10062021

RSB 'Rl Relationships Among AG®, K, and EZ;

Reaction Under

AG® K El Standard-State Conditions

Negative >1 Positive Favors formation of products.

0 = 0 Sy Reactants and products are equally favored.
Positive <1 Negative Favors formation of reactants.

AG? =-RT In K = -nFE?

cell

AG? UNHULEUItNEN i Taitisn
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CISNSNBINS KK UUSHYEGS1911S1250¢?
Fe?* (ag) + 2Ag (s) Fe (s) + 2Ag” (aq)
0 n
EQ, _0.0257 v InK
Oxidation(Anode): 2Ag — 2Ag* E°Ag+/Ag= 0.80V

Reduction(Cathode) :2e” + Fe?* —— Fe E°Fe*/Fe=-0.44V

n=2

0=FO - 0
E” = Efczvre EAg+ IAg

E®=-0.44 -0.80

E?=-1.24V o e xn | [124Vx2
=P 00257 v | TSP 0.0257 v
K = 1.23 x 1042

10/8/2024 9:24 AM 47

What is the equilibrium constant for the following reaction
< at25°C? Fe?* (ag) + 2Ag ()= Fe (s) + 2Ag" (aq)

0.0257 V
EQ, = - In K

Oxidation: 2Ag — 2Agd”

n=2
Reduction: + Fe2* — Fe
EC = ESope + ERy ng
Fe2*/F Ag IAg Check
EC =-0.44 +-0.80
E0=-1.24V Edy X N -1.24 Vx 2
K =exp = exp
0.0257 V 0.0257 V

K=1.23 x 1042

10/8/2024 9:24 AM 48
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SENUAUSUNMUIINAEIRHAISGUSIISA

The Effect of Concentration on Cell emf

AG = AG? + RT Ing AG=-nFE AG%=-nFEY
n(s) = Zn?* +2e Q=[Zn?*]/[Zn]

-NnFE =-nFE° + RTIn Q
sUBFIAN I (Nernst equation)

RT
Ece = E°- nE In Q
11 298°C
E = EO. 0.02n57VInQ E = EO. O'O5r?2vlogQ

10/8/2024 9:24 AM 49

ISUSHAYSHIAMISHAMNYIS?1S] 250 10
<N [Fe?'1=0.60 M €& [Cd?*] = 0.010 M?
Fe?* (aq) + Cd (s) ——=Fe (s) + Cd?* (aq)

Oxidation(A): Cd — Cd# +

n=2
Reduction(C): 2e- + Fe?*—— Fe
c-po_ 0.0257V 0
E® = Ef.ovre — E2prica "
_ 0.0257 V ,  0.010
E° =-0.44 — (-0.40) E=-004V - 5 In 0.60

E =0.013
EC=-0.04 V

E>0 ISESHAMAN

10/8/2024 9:24 AM 50



anandenituaSsangm ARG ARY RIS AU SAEAUTENUER
yUMenafwHiE wanuiquias ¢ AgnkinuymEGIGINN: gi¢l

Paper spacer

Moist paste of
ZnCl, and NH,Cl

Layer of MnO,
Graphite cathode

giinuggss Dry cell

Le clanché cell

Zinc anode

Anode: Zn (s) — Zn?* (aq) + 2e"

Cathode: 2NHj (aqg) + 2MnO, (s) + 2e- — Mn,0; (s) + 2NH, (aq) + H,O (1)

Zn (s) + 2NH*, (aq) + 2MnO,, (sy— Zn?* (aq) + 2NH,; (aq) + H,O () + Mn,O, (s

10/8/2024 9:24 AM 51

S10U Batteries

Cathode (steel)
Insulation Anode (Zn can)

Mercury Battery

Electrolyte solution containing KOH

and paste of Zn(OH), and HgO
Anode: Zn(Hg) + 20H- (aq) — Zn0O (s) + H,O (I) + 2e-
Cathode: HgO (s) + H,0O (I) + 2e-— Hg (l) + 20H" (aq)

Zn(Hg) + HgO (s) ——2Zn0 (s) + Hg (1)
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FHW Batteries

Removable cap

FAWAIAN
Lead storage
ba ttery H,S0, electrolyte
Negative plates (lead grills
filled with spongy lead)
Positive plates (lead grills
filled with PhO,)
Anode: Pb (s) + SO% (aq) — PbSOQO, (s) + 2e

Cathode: PbO, (s) + 4H* (ag) + SO7 (aq) + 2e- — PbSO, (s) + 2H,0 (1)

Pb (s) + PbO, (s) + 4H* (aq) + 2502 (aq) ——*2PbSO, (s) + 2H,0 ()

10/8/2024 9:24 AM 53

Batteries

e
Anode Cathode
Li
|
E——
Solid electrolyte
Li — Lit+ e TiS, + e~ — TiS;

10/8/2024 9:24 AM Solid State Lithium Battery “19.6
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Batteries
Anode ( \\/Cathode A fuel Ce” IS' an
s, electroch_emmal cell
-— that requires a
Coming 2% —l ' T Cmmpmedene  CONUNUOUS suUpply of
reactants to keep
‘ functioning
Hot KOH solution
Oxidation ' Reduction
2H,(g) + 4OH (ag) —> 4H,0() + 4~ 0,(g) + 2H,0(!) + 4¢” —> 40H (ag)
Anode: 2H, (g) + 40H- (ag) — 4H,0 () + 4e
Cathode: O, (g9) + 2H,0 (I) + 4e-— 40H-" (aq)

2H, (9) + O, (9) — 2H,0 ())

10/8/2024 9:24 AM 55

Chemistry In Action: Bacteria Power

CH,COO" + 20, + H* —— 2CO, + 2H,0

Fritted
disc

CH3COO_ + ZHzo B 02 +4H' + o= —»
2C02 + ?H+ + 8e~ 2H20
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FigRis: (Corrosion)
Aiar 0,
Water

Fc2+/-————-—._* Rust

Fe3*

\_/ fron

e_ /
Anode Cathode
Fe(s) — FeXt(ag) + 2e 05(g) + 4H *(ag) + 4¢ —= 2H>0(l)

Fcz"(uq) — ch"'(uq) + e

OVERALL EQUATION

Fe (s) + O,(g) + xH,0 (I) — Fe,0,. xH,O (s)

4Fe (s) + 30, (g) + 2xH,0 (I) — 2Fe,0,. xH,O (s)

10/8/2024 9:24 AM 57

MMM S S I SERUMISENIES
(Cathodic Protection of an Iron Storage Tank)

| Iron storage tank

| | 1
Y

—

Oxidation: Mg(s) —> Mg**(ag) + 2¢~ Reduction: O,(g) + 4H*(aq) + 4¢- —= 2H,0(/)
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HE IS TN 5 (Electrolysis) BTN S1AMIFIITRUMNMBNUHS USTNS ‘

OIEEISEUSAYUACSOSISSENSAAQHISiSSES

Cl, gas Battery
I NaCl el

R | ',_Jﬁl'lg'_'_;._. o~ ,!‘—'\‘1—‘ .

e
Anode Cathode

D

Liquid Na «— — Liquid Na

T
|-
(.
B |

— Molten NaCl
ra
I : Oxidati Reducti
Iron cathode | Iron cathode Xidation eduction
Carbon anode 2C1I" —= Cly(g) +2¢~ 2Na* + 2¢~ — 2Na(l)

10/8/2024 9:24 AM
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[=N

HEUSIF A S (Electrolysis of Water)

Batter

g
I
I

4

Anode Cathode

i

'
‘—— Dilute H,S0, solution

L |
-3
Oxidation Reduction

2H,O(l) — O,(g) + 4H™(aqg) + 4e 4H™(aq) + 4¢ - —> 2H,(g)
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Curent (amprcs) HETME SHUlBUBE BN
time (seconds) (Electrolysis and Mass Changes)

l Product Ut{'i
current an
USH(C) = SIS (A) x 1IN (s)
Chlarge
in
coulombs "
. |19 e = 96,500 C |
Divide by
l the Faraday
constant
MNumber
of

moles of electrons

Use mole ratio in
half-cell reaction

Muoles of

substance reduced
or oxidized 10/8/2024 9:24 AM 61
I Twe molar meass or
Electrolysis and Mass Changes
Current - Ch.mgc Number : Moles of Grams of
(amperes) in of substance reduced substance reduced
and time coulombs 4 moles of electrons / or oxidized 4 or oxidized

charge (Coulombs) = current (Amperes) x time (sec)

[1 mole &= 96,500 C = 1 Faraday |

1 amp =1 Coulomb / sec

10/8/2024 9:24 AM 62
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HUN N AtHT
ISEISMUAHUSISMESHEICNSUIEMISIRARAN
Hﬁmé?mﬁisc;mz I 10TIS 0.452 A [SHICNSSHMS

o

FIANS(Anode): 2CI- (I) —> Cl, (g) + 2¢"

FIEE(Cathode)Ca2* (1) Ca (s)

Ca2+ (h+2CF ()—— Ca(s) + CI2 (9)

2-e =1Y0Ca
1molé- 1 mol Ca

o
YU Ca o.452/6/x1.5%x3600h( 96,500 2 2 mote-

= (0.0126 mol Ca

=0.50gCa

10/8/2024 9:24 AM
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Chemistry In Action: Dental Filling Discomfort

Corrosion of a Dental Filling

Hg§7Angg3 085 V Gold inlay
Sn2+/Ag3Sn _005 V 0,(g) + 4H'(aq) + 4= —»2H,0(/)

Sn*7Ag,Sn -0.05V

5n2+

Dental filling
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Key Equations
B = Boate— Fovide (19.1) Calculating the standard emf of a galvanic cell.
AG = —nFE (19.2) Relating free-energy change to the emf of the cell.
AG® = —nFEY, (19.3) Relating the standard free-energy change to the
standard emf of the cell.
0.0257V
Ely = InK (19.5) Relating the standard emf of the cell to the
o equilibrium constant.
0.0592V
Elq= logK (19.6) Relating the standard emf of the cell to the
equilibrium constant.
0.0257V
E=F - InQ (19.8) Relating the emf of the cell to the concentrations
8 under nonstandard state conditions.
0.0592 V
E=F — logQ (19.9) Relating the emf of the cell to the concentrations
s under nonstandard state conditions.
10/8/2024 9:24 AM 65

Flat panel display ¢
e JTI=
((E’thlcal IT>,

CD player

Hard disk %

éapsule noscope
Motor mqnagem_ent
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11. GIHANS) emf aNtvaAmitaD My Mg® 8 Cu / cu*' SiuEnAEma

AMATIIE 25% TgIRTIE MIuRAghIdmRmgn [MumHeaish

12. N emf adithiuaOmimDRAYMARAMNL Ag/ Ag" 89 Al / AP

19125% g uRnEhmitmRmgmmemneamtih 4

10/8/2024 9:24 AM 67

19.11 Half-reaction E'(V)
Mgt (ag) + 26 > Mg(s) 237
Co' (o) 42— Culp) 1034

The overall equation1s: ~ Mg(s) + Cuz+[ag) - Mg2+(c;rq) + Culs)

E=0¥V-(-237V) =271V

10/8/2024 9:24 AM 68
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19.12  Strategy: At first, it may not be clear how to assign the electrodes in the galvanic cell. From Table 19.1 of
the text, we write the standard reduction potentials of Al and Ag and apply the diagonal rule to determine
which is the anode and which is the cathode.

Solution: The standard reduction potentials are:

080wV
-1.66V

AgT10M)+e — Ag(s) E°
AT 1OM) +3¢ — Al(s) E°

Applying the diagonal rule, we see that Ag+ will oxidize Al

Anode (oxidation): Al(s) = A_l3+(l.0 M)+3e
Cathode (reduction): 3Ag+(1.0 M)+3e — 3Ag(s)
Overall: Al(s) + 3487 (1.0 M) — APY(L.0 M) + 3Ag(s)

Note that in order to balance the overall equation. we multiplied the reduction of Ag+ by 3. We can do so
because, as an intensive property. E° 1s not affected by this procedure. We find the emf of the cell using
Equation (19.1) and Table 19.1 of the text.

Ecen = Ecathose = Eanode = Ey ~jp ~ Eppeiny
ESy =080V —(-166V) =+246V

Check: The positive value of E® shows that the forward reaction 1s favored.

10/8/2024 9:24 AM 69

)

13. GINAIANGHG Fe* mumBnAmangd T idepmuwng L ighijmunnenas

titinig 2
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BTN NTHT

19.13  The appropriate half-reactions from Table 19.1 are
L(s)+2e — 21 (aq) iode = O33N
Fe''(ag) + e — Fe' (aq) Eyoge =077V
Thus wron(III) should oxidize iodide 10n to 1odine. This makes the 1odide 1on/1odine half-reaction the anode.
The standard emf can be found using Equation (19.1).

Eiyt = Ecathode — Eanode = 077V —-053V = 024V

10/8/2024 9:24 AM 71

14, WMMMNIUI[MUIS YWAMMSE HAnanwmsmbt)jsgomg 02 ighijmu

=3

WA ? Hag . Clag -Chag Cuag. P ag MnOseq (MHEH]HNS

HIRE)
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19.14  The half-reaction for oxidation 1s:

H0() o k) 6 @) +4H (ag) +4e B = 4123V

The species that can oxidize water to molecular oxygen must have an £y more positive than +1.23 V.

From Table 19.1 of the text we see that only Cla(g) and MnOy (aq) in acid solution can oxidize water to
oXygen.

10/8/2024 9:24 AM 73

15. BI0SE [ B U RAMARAMAZII MY
MOy g +8H g +3¢ —— > Mn g + 4H,Oq)
NOsz g + 4H+(aq) + 3¢ — NO¢) +2H;0q

BINAINBIRENYN NO;™ SinEHANAAED Mo*1H8]9gMMS Muo, 18li{My

2Nt
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19.15  The overall reaction 1s:

SNO3 (ag) + M (ag) + 2H,0() — SNO(g) + 3MuOy (ag) + 45 (ag)
Eit = Eeatnoge — Fagoge = 096 V=151V = 055V

: - ey - - . . 2 -
The negative emf indicates that reactants are favored at equilibrom. NOy will not oxidize Ma "o MnOy4
under standard-state conditions.
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16. BINNAIISHE  [UAAESKI MBI RS EHIHUNAIY G jiGH 191
aNmn 25°% g 1 Hmagnt MMITHesmHImMmeMHEDE 1LoM
a- Cag + Cd7ay —> Ca'ug + Cdgy
b- QBI‘_(aq) + 3121:+(an E— B].‘Q(_]_l + Sl]{s-)
¢-2A%s T Nl ag —> 2429 T Ny
d- Cu ag T Fe (aq) —_— Cu” (aq) T Fe~ (aq)
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19.16 Strategy: E_ is positive for a spontaneous reaction. In each case. we can calculate the standard cell emf
from the potentials for the two half-reactions.

0 _ o 0
Ece]l - Ecathnde - ‘Eaﬂode

Solution:

(a) E°®* =-040V—-(-287V) = 247 V. The reaction 15 spontaneous.
(h) E° = -014V-107V = -1.21 V. The reaction 1s not spontaneous.
(¢) E®° =-025V-080V = -1.05V. The reaction 1s not spontaneous.

(d) E°=077V-013V = 0.62 V. The reaction is spontaneous.

a- Cagy + Cd7ag —> Caug + Cdy
b- 2BI‘_(aq) + Sllz+(aq) E— BI‘Q(D + Sl]{s)
c-2Ags + Nitag —>  2Agug + Nig
d- C11+(an + Fe3+(aq) —_— C112+(aq) + Fez+(aq)

10/8/2024 9:24 AM 77
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Electrochemistry

Chapter 19

10/8/2024 9:24 AM 79

=lzetron Transrar Rzacrions

 Electron transfer reactions are oxidation-

reduction or redox reactions.

* Results in the generation of an electric
current (electricity) or be caused by

imposing an electric current.

* Therefore, this field of chemistry is often
called ELECTROCHEMISTRY.
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Electrochemical processes are oxidation-reduction
reactions in which:

« the energy released by a spontaneous reaction is
converted to electricity or

» electrical energy is used to cause a nonspontaneous
reaction to occur

0 0 2+ 2-

2Mg (s) + O, (9) — 2MgO (s)

2Mg ——2Mg?* + 4e- Oxidation half-reaction (lose €°)

O, + 4 — 20% Reduction half-reaction (gain e°)

10/8/2024 9:24 AM 81 9 1

Terininology ror Redex Rzactions

« OXIDATION—Iloss of electron(s) by a species;
increase in oxidation number; increase in oxygen.

- REDUCTION—gain of electron(s); decrease in
oxidation number; decrease in oxygen; increase
in hydrogen.

 OXIDIZING AGENT—electron acceptor; species is
reduced. (an agent facilitates something; ex.
Travel agents don’t travel, they facilitate travel)

« REDUCING AGENT—electron donor; species is
oxidized.
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You can't have one... without the other!

« Reduction (gaining electrons) can’t happen
without an oxidation to provide the electrons.

 You can’t have 2 oxidations or 2 reductions in the
same equation. Reduction has to occur at the
cost of oxidation

LEO the lion says GER'

e

D®O»mwWOo

I
n

WSO FOD—
SO O—X
N30T TOOD—
SO~ FO0C

GER!
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Another way to remember

*OIL RIG A_F\

S
e

SO O TX
SOTF0OCQ
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Review of Oxidation numbers

The charge the atom would have in a molecule (or an
ionic compound) if electrons were completely transferred.

1. Free elements (uncombined state) have an oxidation
number of zero.

Na, Be, K, Pb, H,, O,, P, =0

2. In monatomic ions, the oxidation number is equal to
the charge on the ion.

Li*, Li = +1; Fe3*, Fe = +3; 0%, 0 =-2

3. The oxidation number of oxygen is usually —2. In H,0O,
and O, it is —1.

10/8/2024 9:24 AM

4. The oxidation number of hydrogen is +1 except when
it is bonded to metals in binary compounds. In these
cases, its oxidation number is —1.

4.4

5. Group IA metals are +1, [IA metals are +2 and fluorine is

always —1.

6. The sum of the oxidation numbers of all the atoms in a
molecule or ion is equal to the charge on the
molecule or ion.

HCO,

Oxidation numbers of all O=-2 H=+1
g the atoms in HCO5 ?
3x(-2) + 1+ 2 =-1

C=+4

10/8/2024 9:24 AM
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Balancing Redox Equations
The oxidation of Fe?* to Fe3* by Cr,0O-?% in acid solution?

1. Write the unbalanced equation for the reaction in ionic form.

Fe?* + Cr,0,2——Fe>" + Cr3*

2. Separate the equation into two half-reactions.

+2 +3
Oxidation: Fe2t —— Fe3d*
+6 +3

Reduction:  Cr,0,2—— Cr3*

3. Balance the atoms other than O and H in each half-reaction.

Cr,0,2—— 2Cr3*

10/8/2024 9:24 AM 81 9 1

Balancing Redox Equations

4. For reactions in acid, add H,O to balance O atoms and H* to
balance H atoms.

CI’2072'_’ 2CF3+ + 7H20
14H* + Cr,0,2 —— 2Cr3* + 7TH,O

5. Add electrons to one side of each half-reaction to balance the
charges on the half-reaction.

Fez: — Fed* +(1e)

+ 14H* + Cr,0,# —— 2Cr3* + 7H,0
6. If necessary, equalize the number of electrons in the two half-
reactions by multiplying the half-reactions by appropriate
coefficients.
6Fe?* —— 6Fe3* + 6e-

1O/8/202§9%4-1A-II\-/I 14H* + Cr2072- 20r3+ + 7H20 “49.1
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Balancing Redox Equations

7. Add the two half-reactions together and balance the final
equation by inspection. The number of electrons on both
sides must cancel. You should also cancel like species.

Oxidation: 6Fe2* — GFe3* + 66"
Reduction: 6€° + 14H* + Cr,0,2 —— 2Cr3* + 7H,0
14H* + Cr,0,# + 6Fe?* —— 6Fe®* + 2Cr3* + 7H,0

8. Verify that the number of atoms and the charges are balanced.
14x1 — 2 + 6X2 = 24 = 6X3 + 2x3

9. For reactions in basic solutions, add OH- to both sides of the
equation for every H* that appears in the final equation. You
wshould.combine H* and OH- to make H,0. 191

CHEMICAL CHANGE --->
ELECTRIC CURRENT

*To obtain a useful current,
we separate the oxidizing
and reducing agents so that
electron transfer occurs thru
an external wire. Zn2* ions Cu?* ions

electrons—»

salt

This is accomplished in a GALVANIC or
VO LTAI C Cel I . http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/galvan5.swf

A group of such cells is called a battery.

10/8/2024 9:24 AM 90
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Galv\gtn[lc Cell
e~ ‘ e~ vC
anode | z. ‘ — comer | Cathode 'y
. . anode ~—d K" — cathode . = !
oxidation Salt bridge 1 reduction S
- +
H |
ﬂ | Cotton | ' \
A lugs
SO} plug
Zn*t —ﬁ
ZnS0, solution CuS0, solution
spontaneous
redox reaction
Zn is oxidized Cu®" is reduced
to Zn”* at anode. to Cu at cathode.
Zn(s) —= Zrl2+(aq) +2e 2 + Cuz"'(aq) —=Cu(s)
Net reaction
10/8/2024 9:24 AM Zn(s) + Cu2+(aq) - Zn2+(aq) +Cu(s) 91 92

Galvanic Cells

The difference in electrical r
potential between the anode
and cathode is called:

- cell voltage

 electromotive force (emf)

» cell potential
Cell Diagram
n (s) + Cu?* (aqg) — Cu (s) + Zn?* (aq)
[Cu? =1 M&[Zn**]=1M

Zn (s) | Zn?* (1 M) || Cu?* (1 M) | Cu (s)

anode cathode
10/8/2024 9:24 AM 91 92
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Standard Electrode Potentials

Voltmeter
e e :

Zn .~ —H2gas
i Salt bridge ; at 1 atm

{l ]
—
1MZnS0y 1MHCI Pt electrode

Zinc Hydrogen
electrode electrode

Zn (s) | Zn%* (1 M) || H* (1 M) | H, (1 atm) | Pt (s)
Anode (oxidation): Zn (S)—— Zn%* (1 M) + 2¢-
Cathode (reduction): 2e- + 2H* (1 M)—/— H, (1 atm)

Zn (s) + 2H* (1 M) —— Zn?* + H, (1 atm)

10/8/2024 9:24 AM 91 9 3

Standard Electrode Potentials

Standard reduction potential (E°) is the voltage associated
with a reduction reaction at an electrode when all solutes
are 1 M and all gases are at 1 atm.

<— H, gas at 1 atm

Reduction Reaction
2e"+ 2H* (1 M)—/— H, (1 atm)

E Pt electrode E°=0V

1M HCI

Standard-hydrogen electrode (SHE) 9.3
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e.i rd Reduction Potentials at 25°C* O . ]
 pr— - * EYis for the reaction as
Falg) + 2¢ 2F ] +2.87 .
|S ! ()Z\E:i}: P ;}’ n 2.~tfq—> 0i(g) + H;,0 +2.07 ertte N
Co™*(ag) + e~ — Co®* (ag) +1.82
H30x(aqg) + 2H" (ag) + 267 — 2H;0 +1.77
P'h():(.ﬂ + 4“"{{«;' + Soi_iﬂqu + 2¢7 —— PbSO,(s) + 2H.0  +1.70 . O
Ce**(ag) + ¢~ Ce** +1.6
o S wewemo  au | * The more positive E° the
Aut(ag) + 3e” — Auls) +1.50
Cly(g) + 26~ —» 2CI™{ag) +1.36
i el e, SR - greater the tendency for the
MnO,(s) + 4H* (ag) + 2¢” — Mn**(ag) + 2H,0 +1.23
o " 3 o 23
e e 4 substance to be reduced
NOj (ag) + 4H  (ag) + 3¢~ — NO(g) + 2H,0 +0.96
2Hg** (ag) + 26~ —> Hgd*(aq) +0.92
Hg%l*tm,-) + 2" — 2Hg() +0.85 .
Mo »» |« The half-cell reactions are
Oy(g) + 2H (ag) + 2¢~ — Ha04(aq) +0.68 .
MnOy (ag) + 2H,0 + 3¢ MnOy(s) + 40H (ag) +0.59
T ey reversible
2 Oy(g) + 2H,0 + de~ —» 40H (ag) +040 B
5"" Cu*"(ag) + 267 — Culs) +0.34 F
= AgCl(s) + e- — Agis) + Cl ) +022 8 .
2 SO7(an + 4" tan) 26— 80x8) + 2H0 +020 | @ The S|gn Of EO ChangeS
g Cu**(ag) + e~ — Cu*(ag) +0.15 %
Z Sn''(ag) + 2¢” —> Sn**(ag) +0.13 f} h th t- .
2H (ag) + 2& H.iz .
B v a4 20— Poey o wnen the reaction 1S
£ Sn'(ag) + 26" — Snls) -0.14 £
o = | reversed
= PbSO4(s) + 2 — Phix) + SOI (ag) -031 =
c:df_*:uq) + 2e” — Cd(s) —0.40 . . . .
re=0 ox |+ Changing the stoichiometric
Zn* (ag) + 27 — Zn(s) -0.76
2H,0 + 2¢” —> Hag) + 20H ~083 .
M) 20 M) coefficients of a half-cell
AP (ag) + 3¢™ — Al(s) - 1.66
Be®*(ag) + 2¢~ — Be(s) ~1.85 .
N ) + 2 — M) reaction does not change
Na"(ag) + ¢~ — Na(s) —2.71
Ca®*(ag) + 2¢” — Cals) -2.87 th | f EO
SP*(ag) + 26~ —> Si(s -2.89
L — e % € value o
) K3 =293
Toys/ 22 ZA TS 305 Y “19.3

*For all half-reactions the concentration is | M for dissolved species and the pressure is | atm for gases. These are the
standard-state values,

STANDARD REDUCTION POTENTIALS IN AQUEOUS SOLUTION AT 25°C

Half-reaction E*(V) Off 1~1 I
Fo(g)+2e -  2F 2.87 ICla AP
Co™ +e - o 1.82 .
A 30 - A 150 Reduction Table
Cly(g)+ 2e - a2 1.36
O,(g)+ 4H" +de - 2H,0() 1.23
B+ 2e - 2Br 1.07
2Hg™ + 2 - Hg* 0.92
He® +2e — Hg(h) 0.85 . h
P < a0 030 Copyright
Hg,™" +2¢ - 2HgD 0.79
Fe¥* 1 e” - Fe¥* 0.77 C I I d
e - ollege Boar
cu' +e - Cu(s) 0.52
cu® +2e = Cu(s) 0.34
cu® +e - Cu” 0.15
sn* 426 - sn® 0.15
S(s)+2H +2e = H,S(g) 0.14
2H  +2¢ = Hy(g) 0.00
P +2e” = Pb(s) -0.13
s5n* +2e - Sn(s) 0.14
Ni* 4+ 2e” - Ni(s) -0.25
Co* +2¢ - Co(s) 028
cd* 4 2e” - Cdis) 0.40
cr¥t 4 e - cr? 0.41
Fe¥* +2e — Fe(s) ~0.44
o't +3e” - Cr) 0.74
Zn* +2¢ - Zn(s) -0.76
2H,0()+ 2e > Hy(g)+20H  -0.83
Mn?' +2¢ - Mn(s) -118
A 4367 - Als) -1.66
Be® +2e —  Be(s) -1.70
Mg™ +2¢ = Mg(s) -2.37
Na' +e - Na(s) -27
Ca® +2e - Ca(s) 2.87
st +2e” - Sr(s) -2.89
Ba®™ +2¢” - Ba(s) 290
Rb" +e — Rb(s) 292
K" +e - K(s) 292
10)8/2024 9:244AMe = Csls) 292 9%
Lit +e” - Li(s) -3.05
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Standard Electrode Potentials

Voltmeter Standard emf (E&\)
e e ___\e- :
Zn —Hz2 gas ‘ E(C:)ell = Ecathode + B anode
1l Salt bridge ! at 1 atm
1 : If the reaction is
"'"--..
1M ZnS0; 1MHer ~ Ptelectrode ﬁgcﬁ}warfis,'be sure to
Zinc Hydrogen Ip the sign:
electrode electrode

Zn (s) | Zn?* (1 M) || H* (1 M) | H, (1 atm) | Pt (s)
E(c:)ell = EH07H2+ E%n /zn*?
Zn%* (1 M) + 2e- ——2Zn =-0.76 V
SO E°, .= +0.76 V
EQ=0+0.76 V=0.76 V

10/8/2024 9:24 AM 91 9 3

Standard Electrode Potentials

Ege" =0.34V
0 —
Voltmeter EceII - Ecathode + EO anode
e= [n e=
i
| . EO, =EQ 2+ + E
Hzgas — Cu cell Cu“’/Cu H2/H+
at 1 atm : Salt bridge F — o
” 0.34 - ECU2+/CU + - 0
] O —_
Pt electrode —_ | Ecu2tcuy = 0.34V
1MHCI i LU
Hydrogen Copper
electrode electrode

Pt (s) | H, (1 atm) | H* (1 M) || Cu?* (1 M) | Cu (s)

Anode (oxidation): H, (1 atm) —— 2H* (1 M) + 2e-
Cathode (reduction): 2e- + Cu?* (1 M)——Cu (s)

H, (1 atm) + Cu?* (1 M) —— Cu (s) + 2H* (1 M)

10/8/2024

9.3
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What is the standard emf of an electrochemical cell made
of a Cd electrode in a 1.0 M Cd(NO,), solution and a Cr
electrode ina 1.0 M Cr(NO;); solution?

Cd?* (aq) + 2ec—— Cd (s) E®=-0.40V Cdis the stronger oxidizer
Cri* (ag) + 3¢ ——= Cr (s) EO=-0.74 V Cd will oxidize Cr
Anode (oxidation) Cr (s) — Cr¥* (1 M) +(3e) x 2
Cathode (reduction): (26) + Cd?* (1 M)——Cd (s) x 3

2Cr (s) + 3Cd?* (1 M) —— 3Cd (s) + 2Cr3* (1 M)

0 = 0
EceII - Ecathode + EJanode

EQ, = -0.40 + (+0.74)
E0,=0.34V

10/8/2024 9:24 AM 99

Spontaneity of Redox Reactions

AG =-nFE_,, n =number of moles of electrons in reaction

J
AGO = 'nFEc%II F=96,500 — = 96,500 C/mol
V « mol

AG? = -RT In K = -nFE?

cell

o RT | (8.314 YK:mal) 298‘?{) < %l
cell  pF ~ (96,500 3(V-mol)

_0.0257 V,
0.0592V,
Ecen = n @(

10/8/2024 9:24 AM

R < AG®° = =RTInK >
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Spontaneity of Redox Reactions

N

o . . o o

<8 Relationships among AG®, K, and EZ,,

w .

. Reaction under

m| AG° K Eail Standard-State Conditions

= | Negative >1 Positive Favors formation of products.
0 =1 0 Reactants and products are equally favored.
Positive <1 Negative Favors formation of reactants.

10/8/2024 9:24 AM 101 94

What is the equilibrium constant for the following reaction
<W at25°C? Fe?* (ag) + 2Ag (s) == Fe (s) + 2Ag" (aq)

_0.0257V

In K
ceII n

EQ

Oxidation: 2Ag — 2Agd”

n=2
Reduction: + Fe?* — Fe
E® = Efzyre + ERy ing
Fe2*/F Ag IAg Check
=-0.44 + -0.80
E0=-1.24V Edy X N -1.24 Vx 2
K =exp = exp
0.0257 V 0.0257 V

K=1.23x 104

10/8/2024 9:24 AM 102
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The Effect of Concentration on Cell Emf

AG=AG'+RTINQ AG=-nFE AGO =-nFE?
-NFE = -nFE® + RT In Q

Nernst equation

RT
E=E°- — In
= Q

At 298

— o.oz;wvan — 0.05|rs]92vIogQ

10/8/2024 9:24 AM 101 9 5

Will the following reaction occur spontaneously at 25°C if
[Fe2*] = 0.60 M and [Cd?*] = 0.010 M?
Fe?* (aq) + Cd (s) ——=Fe (s) + Cd?* (aq)

Oxidation: Cd — Cd#* +

n=2
Reduction: + Fe2t —— 2Fe
E0=ER.2re + EQy/cq 2
0=_ (-
E 0.44 + -(-0.40) E = EO. 0.02n57 V nQ
E0=-0.04V 0010
_ 0.0257 V .
E=-0.04V - > In 0.60
E=0.013
E>0 Spontaneous

10/8/2024 9:24 AM 101 9 5
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Charging a Battery

When you charge a battery, you are forcing the
electrons backwards (from the + to the -). To do
this, you will need a higher voltage backwards than
forwards. This is why the ammeter in your car often
goes slightly higher while your battery is charging,
and then returns to normal.

In your car, the battery charger is called an
alternator. If you have a dead battery, it
could be the battery needs to be replaced OR
the alternator is not charging the battery

properly.

10/8/2024 9:24 AM

Paper spacer

Moist paste of
ZI]CI: and NH4CI

Layer of MnO,
Graphite cathode

Dry cell

Leclanché cell

Zinc anode

Anode: Zn (s) — Zn?* (aq) + 2e-

Cathode: 2NHj (aqg) + 2MnO, (s) + 2e- — Mn,0; (s) + 2NH, (aq) + H,0 (1)

Zn (s) + 2NH, (aq) + 2MnO,, (s)——Zn?* (aq) + 2NH; (aq) + H,O (I) + Mn,0O, (s)

10/8/2024 9:24 AM 101 9 6
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Batteries Cathode (steel)

Insulation Anode (Zn can)

Mercury Battery

Electrolyte solution containing KOH

and paste of Zn(OH), and HgO
Anode: Zn(Hg) + 20H- (aq) =™ Zn0O (s) + H,O (l) + 2e-
Cathode: HgO (s) + H,O (I) + 2e- — Hg (I) + 20H- (aq)

Zn(Hg) + HgO (s) ——Zn0O (s) + Hg (I)

10/8/2024 9:24 AM 101 9 6

Batteries

Removable cap
Cathode

Lead storage
battery

H,S80, electrolyte

Negative plates (lead grills
filled with spongy lead)

Positive plates (lead grills
filled with PbO,)

Anode: Pb (s) + SOZ (ag) —> PbSO, (s) + 2e

Cathode: PbO, (s) + 4H* (aq) + SO% (aq) + 2e- — PbSO, (s) + 2H,0 ()

Pb (s) + PbO, (s) + 4H* (aq) + 2502 (aq) ——2PbSO, (s) + 2H,0 (I)

10/8/2024 9:24 AM 1Oq 9 6
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Batteries
=[ =
e e
Anode Cathode
Li — TiS,
I
e
Solid electrolyte
Li — Lit+e TiS, + e~ —> TiS;
10/8/2024 9:24 AM Solid State Lithium Battery 199 6
Batteries

=r|— =
Anode\( | Cathode Afuel Ce” iS an

P4
I il electrochemical cell

Hy—> I
POI‘OL!S Farbop electrode 7 . that reCIUIreS a
e | continuous supply of

reactants to keep

Porous carbon electrode
containing Ni and NiO

functioning
. HotKOHsolution
Oxidation o S Reduction
2H,(g) + 4OH (ag) — 4H,0(!) + 4¢ O,(g) + 2H,0(1) + 4¢~ —> 40H (ag)
Anode: 2H, (g) + 40H- (agq) — 4H,0 (l) + 4e
Cathode: O, (9) + 2H,0 (I) + 4e- — 40H- (aq)

2H, (9) + O, (9) — 2H,0 (I)
10/8/2024 9:24 AM

119.6
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Corrosion
Air 0,

Water

. | _
"/j:‘gh /—% - Rust

g

Iron
Y & N\
/ i N
Anode Cathode
Fe(s) — Fe2+(aq) +2e¢” 0,(g) + 4H " (ag) + 4¢—» 2H,0(])

Fe*(ag) — Fe**(ag) + e~

10/8/2024 9:24 AM

@ 119.7

Cathodic Protection of an Iron Storage Tank

Oxidation: Mg(s) —= Mg”*(aq) +2¢~ Reduction: O,(g) + 4H*(aq) + 4¢~ —> 2H,0(/)

10/8/2024 9:24 AM 111 9 7
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Electrolysis is the process in which electrical energy is used

to cause a nonspontaneous chemical reaction to occur.

Cl, gas Battery
NaCl -
€ e
Anode - . Cathode
Liquid Na «— — Liquid Na ’ } ;
I Molten NaCl
Iron cathode | Iron cathode Oxidation Reduction
Cibion unnile 2CI" —=Cly(g) + 2e~ 2Na* + 2e¢~ — 2Na(/)
10/8/2024 9:24 AM 1149 8

Electrolysis of Water

e
Anode - | Cathode

Dilute H,SO, solution

Oxidation Reduction
2H,O(l) = O,(g) + 4H™(ag) + 4¢~  4H™(aq) + 4¢ - —>2H,(g)

10/8/2024 9:24 AM 111 9 8
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Chemistry In Action: Dental Filling Discomfort
Corroswn of a Dental Filling

H9§7A92Hg3 085 V Gold inlay
Sn2+/Ag3Sn -0.05V 0.(g) + 4H*(aq) + 4¢~ —»2H,0(/)

Sn7Ag,Sn -0.05 V

5n2+

Dental filling

10/8/2024 9:24 AM 115

Electrolysis and Mass Changes

Current Chargr. Number Moles of Grams of
(amperes) substance reduced substance reduced
and time Loulombs moles of e]e(.lmns or oxidized or oxidized

charge (Coulombs) = current (Amperes) x time (sec)

‘|1 mole e- = 96,500 C = 1 Faraday H

1 amp =1 Coulomb / sec

10/8/2024 9:24 AM llq 9 8
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How much Ca will be produced in an electrolytic cell of
molten CacCl, if a current of 0.452 A is passed through the

cell for 1.5 hours?
Anode: 2CI (I) — Cl, (g) + 2e

Cathode: Ca?* (I Ca (s)

Ca2+ (h+2CF ()—— Ca(s) + CI2 (9)

2 mole e =1 mole Ca

1molé- 1 mol Ca

_ £
mol Ca 0.452/6/x1.5%x3600% 96500% 2 ot

= (0.0126 mol Ca

=0.50gCa

10/8/2024 9:24 AM 111 9 8
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Reaction in Aqueous Solution

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Introduction to Reactions in Aqueous Solutions

Chemical reactions in aqueous solution ﬁy

imil ve | rep:esented 7 chemi(;al equations
g inolixde 5 |

Electrolytes  Nonelectrolytes Molecular _lonic. Nt fnic

~100% <100% : f : :
disogiated  disogiated [Pmcfpnauon ‘Acid-base neutralization Jomaﬁon-reducuon C—
, Strong ’ Weak involves involves mvolves
——  lcations | Anions | ronlum ion xide [
SRS D ATy S N
combininig to form frém tri')m whlch'ls a which' isa
i f ¢
" Solid ‘Acid, HA ‘Base, MOH !Lossofebokons
MdAn(s) s e P T
predic;t by combmm‘g to form : he
‘water + aqueous salt l Reducing agent [Oxidlzlng agent
‘Solubmy rules ~ HO+MA(aq) ' . : J
— resulﬁng in resulting in
used in oxidatior; number oxidaﬁon'number
[ Acid-base titrations Lln_aease _ _____ L Decﬂijea—se_
as shown in equaitions balanced by
¥ [}
| Half-reaction  Oxidation-number
method [ method

for metals p;fedicted by use;d in

(v T
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AR LONNBEE
Headaches, Body aches, Arthritis, He¥tt problefhs, Epilepsy, Obesity,

Tuberculosis, Meningitis, Kidney diseases, Vomiting, Gastritis, Diabetes,
Constipation, Uterine diseases, Ear and throat diseases

A current trend in Japan today is drinking water immediately after getting
out of bed.

The Method

1) When you wake up, before doing anything, drink four 6 ounce glasses of
water, or 160 milliliters. (If for any reason you cannot drink this much
water at one time, you may start with as much water as you can drink,
then gradually increase the amount.)

2) Brush your teeth and perform basic oral hygiene, then wait 45 minutes
before eating or drinking anything.

3) After the 45 minute waiting period you may eat and drink normally.

4) Once a meal is completed, do not eat or drink anything for 2 hours.

http://www.worthytoknow.com/using-water-medicine-drinking-water-
empty-stomach#
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HEMIS YRR S ANt e i
MGH (+) SH (o)

THESH T URT AW R0 ~100%)

H,0 i

IHSSE U SNWUITUAMAURSGEGEGMNMR10%)

CH;COOH,,) ==CH3;COO" ,+ H"

4.1

J

fone -SRI H IO HO G I YIRS RTINS

1 1

G U TS TR ENLS
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USTHGG [ USEYNHENS

cations (+) and anions (-) in solution

H,O
CeH 1,04 (s) —— CgH4,04 (aq)

IHSGERIUSE2H IHSGRIUSSNW OSHSGE0s
HCI CH,COOH (NH,),CO
HNO, HF CH,OH
HCIO, HNO, C,H;OH
NaOH H,O C1oH5,044
RIENAIT RN

[USHSgIES S

AR MEI M AT S 8N uiiy mmﬁimﬁiﬁmﬁmmmﬁJJtﬁmg q
n 1 N N /AN | 3

lalat

l

Pb(NO,), (aq) + 2Nal (ag) — Pbl, (s) + 2NaNO; (aq)

B MIGIRIHA
| Pb2* + 2NO, + 2N&* + 21-— Pbl, (s) + 2N&* + 2NO;
B MIAN
Pb2* + 2I- — Pbl, (s)
B MIH LN g

Na* & NOj™ maduengsn (Spectator)



snandenniwassanm AGRIUARY A AN AU SABAUIIMULR
yimien atsHT wantiuas s aipnainuymistidinn: g

LV PR E Ly PEEfe i A RS AT
AT B MITIUAR AT SH

A RIS IR H U MO TH S G{FI S 21k

AanFAR/In Im SRS R

ol A S

UG UHEGE S A SHISTHE SIBANS e MG UL

§ AT E IR H U U(US/RUIS{[CNA/R SIS
MG HjeEng,

AgNO; (aq) + NaCl (aq) —— AgClI (s) + NaNO; (aq)

Ag* + NO7 + Ne* + CI- —— AgCI (s) + Na*+ NO7

Ag* + CI- —— AgCI (s)

it SHRE/RIMNWHEUMEN N SHWGEARESHIST 250C

AIENSITARIAN LS LA TRILS

AN AITNRIRUERA GH AN
FMgHESH NH,*
NO;, HCOy, CIO5

Cl, Br, I Halides of Ag*, Hg,?*, Pb2*
SO 2 Sulfates of Ag*, Ca?*, Sr?*, Ba?*,
4 Hg?*, Pb2*
AN AR TSI AT
AN AITNRIRUERA GHE AN
CO;%, PO,*, CrO,%, S RASRESHE NH,*
O MRS UE /AR

MM gNESH Ba2t
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Solubility of Chemical Substances

Elements: mostly insoluble solids, liquids & gases.

Covalent Compounds: mostly insoluble gases, except O & N containing
organic (C) liauids (polar: acids. bases. alcohols. etc.)

lonic Compounds:

lonic Compounds: many are soluble.

SOLUBILITY RULES: for Ionic Compounds (Salts)
1. All salts of alkali metals (IA) are soluble.
2. All NH/* salts are soluble.
3. All salts containing the anions: NO;", C10;, Cl10, (C,H,0,) are soluble.
4. AllCI, Br, and I' are soluble except for Hg, 2", Ag’, and Pb?" salts.

5. All SO,* are soluble except for Pb?*, Ba?*, and Sr?".

{Soluble metal oxides form hydroxides: CaO 2, Ca ?* + 20H"}
7. All OH are insoluble except for IA metals, NH," & slightly soluble Ca 2* Ba?* & Sr?*
8. All salts containing the anions: CO,%, PO,*, AsO,*, S and SO,* are insoluble
except fro |A metals and NH," salts.
9. For salts containing the anions not mentioned above (e.g., CrO,%, Cr,0,%, P¥,
C,0,% etc.) assume that they are insoluble except for IA metals and NH,* salts,
unless, otherwise informed.

SIS C3H;O(COOH);
9

citric acid

SINBNT SMIZNAUTMARNI IBRGUERANA{Se
[USRYMUwiMN: UM S SH{RIUS
[USRYMTwMUAMS SETMUAMSUMUMUSSHMA
o

[ 1ah)

SRITNSRGH
UufduamnUmnijGemonsg
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I—ﬂﬁjﬁArrhemus mﬁﬂjmﬁtun.iﬁn.iﬁ H* (H3C)+ ﬁhgﬁ

0% ¥

HC 4 H,0 H;0* Cl-

Sh&dArrhenius a’nm:mﬁ‘ia NS EUs OH- BXE™

Geg . ‘_"

NH; + H,0

!

. a®
Py @

NH?} + OH™

[

wedn Braonsted Amgnsqmh
awBronsted Amgnegamgh

.z . . . an'®
‘8& Q’G — oe®s O

NH; + H-0 — NHF + OH™

base acid acid base
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mﬁjﬁHMLﬁﬁh
HC| — H* + CI- HYGRUSSIN, MRS

HNO,—> H*+ NO;- wjuElsgin, maingin

CH,COOH = H* + CH,CO0- wifsisigne, maisignes

MR E{URY
H28C)4_> H+ + HSO4-

HYSRURSIN, Mansiy

HYJGFRURISN, ORISR

HSO, = H*+S0.%

MRS
H,PO,—— H*+ H,PO, wjoirdsigpw, mdnignu
H,PO,~— H*+HPO,* HYCEURIGW, MalsHignw
HPO,2— H*+PO,* HYGREUSIgNW, ARG
[USRRYUSpU

HINS + el —— HOWU + S/

HCI (aq) + NaOH (aq)—— NaCl (aq) + H,O
H* + e + Na* + OH — Na* + e + H,0

H+ + OH_ — H2O
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[URRYHRMEURAY
((UBRYUISIHSG{RH)

2Mg (s) + O, (9) — 2MgO (s)

2Mg —2Mg?*" + 4e°  nARmuuRFYHRERRY (25 e)
O, +4e — 207% MARMMUUSAYUSSY (dianme)
2Mg + O, + 46" — 2Mg?* + 202 + 4&-

2Mg + O, — 2MgO

pngegwoge

. [UBRUUISIHS|SRHMUSRUHMRASEIRMY

YIUR YR/

. HUBBMIUIERGISHANS

. BiGiUSMAEISIUMIHY|GRAS

ELECTROCHEMISTRY
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2+ 2-

2Mg () + O, (g) — 2MgO (s)

2Mg — 2Mg?* + 4e° - ARAMUUSHYHRGRMY (T o)

O, +4e — 207 . mARIMUUSHRYWESY (SIINM )

L MAAMIUSHAY

=il

<20

—
%

¢ HAAURRY -—ORIHTGREHINWUIN ARG, MM SGISHRRMY;

HEAOIIRIRS

¢ HEMRY-—GIANMIHG|GHY; SWG IS SHRANMY;HMRATASSWS:

¢ MIBMIHRARMNY —HA S SUHFGRN; (U STR NN H™Y

¢ AMNINERY —HRBIHS|GRE;[UIN SIZIBNH/R NS ™Y
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. UEMY (GIANMiHGGRN)BSMGIRAtSIUMSHARS
MU U G (R

- HROSHMGLISHMAARMRYNIJUSRYOISHUEMRUY

LEO the lion says GER!
o | x al e
s €| I e d
e Cd nc u
t a t C
rt r t
O g o |
n o
S § s N

[ GER!

TSNS Sy Gro
(Another way to remember)

OIL RIG AN

X sO € sa -
Idsdl
u n
a © ¢
t {
| |
0 0
n n
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The Zn

bar is in

aqueous

solution
of CuSO, o

When a piece of copper
wire is placed in an
aqueous AgNO;
solution Cu atoms enter

. 24
the solution as Cu“" ions,

24 -
Cu“* ions are

converted to Cu atoms.
7 atmenin Antae tha anlueis

Zn (s) + CuSO, (aq) — ZnS0O,(aq) + Cu (s)
Zn——7n2* + 2e- Zn IMHR/RNS®/YZn NESMnissg

Cu?* + 2e- — Cu Cu?" IHURRY CuZthaStNiHR A s/Y

§ AilA SHIRB{US /UMY WA/ SIS BN TN
HINMAMNIHRRSRYSR{UREIS:?
Cu (s) + 2AgNO; (aq) ——Cu(NO;), (aq) + 2Ag (s)

Cu— Cu?* + 2e-

Agt+1ee ——Ag AgHHURAY  Ag thafiniHmRassy
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GSSHMARMY
USRS UEISHEHOIURAL (Y aAItn iAW)
HYGRHCSIEI SRk

1. tOIHIT (MNESCUN)) tSGSSHRRMYIN IS
Na, Be, K, Pb, H,, O,, P, =0

2. AWUKYUMNAMSUEISCGISHANSRUIAISISH
USHIUHMGY

Li*, Li=+1; Fe3*, Fe=+3; O, 0 =-2

3. MYIFIHFIUSEISGISHMARMYIR 2984 H,0,
SH 0,2 Aitad —1

4. GSSHANSHRUIUAREISS +iRTEMmMuAm
NGHUY SN I U D N SIS TN & 45
AN SIS IGISHRNB/YIURNS 19

5. SNUN:{RY |A /B +1INU{RY ||A S +2 SHAWHIB 1.

6. BUIUMG S SHRARMRUISHGYSIHSNWHAHGIN
FMUYHGRAIAITISHUSRIIUO IR ULH LGS
q
HCO5
IRGSSHAURRUmMN O=-2 H=+1
§ SIHGPWHHE HCO, ?
Xx(-2)+1+7="-1

C=+4
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: - IF-
IRGSSHRRMUILS
§ DREGHIS] ? F=-1
xX(-1)+7=0
| = +7
NalO, K,Cr,0,
Na=+10=-2 O0=-2 K=+1
3x(-2)+1+7=0 7x(-2) + 2x(+1) + 2x(?) = 0
I=+5 Cr=+6

LUIﬁSLuﬁﬁgﬁﬁﬁjguﬁﬁa

$

URRYEUS)
A+B—C
0 0 +4 -2
S + 02 E— 802
[UBRYUIUN

C —A+B

+1+45 -2 +1 -1 0

2KClO, — 2KCI + 30,
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[UIS SIUSHYUHSUSUESY

(URRYNS

A+BC — AC+B

0 +1 +2 0 L

0 +2

+4 0 ,
TiC|4 + 2|V|g — | + 2M9C|2 SSaniN:

0 -1 1 0 , )
Cl, + 2KBr — 2KCI + Br, S Samgfius

iwdTumgrmnisinu:(The Activity Series for Metals)

UaPURS

M+BC — MC +B

M chinnun:
BC mmddsy§sB o H,

Displace hydrogen

from Icold water
|—
]

Cu Pb + + H,
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[UIS SIUSSRYHSISUESY
Ui SURRUER™Y

MRINHAARRYSHUSRYUSUDIU
0 +1 -1
Cl, + 20H" —— CIO" + CI"+ H,0

Chlorine Chemistry

¢

gf SaMSNB{URRYIGHRIS

Ca?* + CO2 — CaCO, mmi
NH, + H* — NH,* HIMFC RS
Zn + 2HCI — ZnCl, + H, &5/ (WSaiH, )

Ca+F, — CaF, WEM (USH)
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i S aIns wagLs
AUNU &I UL A HTNIS ) SUTE ANHE O /M i N U T AN
RN HI U AHTNIS B

G S SUUIHH TSI LI

M = ggpiis = -
N2 I UL AT JHETN U

< sanSenad K|ssimiiSgjsilianewal 500mL isuesssuny

280 M ?
M K M KI
Kl

Bk KI —_— B —_— e

1 280m6]/KI 166 g K
500’m{X1ooo,m+_/X Legn X1 el =232 g Kl

mﬁ{]ﬁﬁﬁgn;mmqaﬁmﬁggpsmm Sﬁk‘ﬂ U

Preparing a Solution of Known Molarity

fispamir@n

,—~Meniscus

== Marker showing =
known volume
of solution

(a) (b) (c)
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N ENT SN EN UM US s Al A UNUmM SIS G

G SSUMNIUATHHETSMIANL G S SUMIUAITORIAN
gSninw - Siml iz
MV = MV

IRHAREUGEGIUGISY]SSUTRS 60.0 mL AUNU 0.2 M
iSHNO, NI NIIRIFHAUNU 4.00 M ?

MV = M;V;
M. =4.00 M = 0.200 V;=0.06L V.=?L

MV
V= ~t - D:200x0.06 _ 5 53| = 5 mL
M, 4.00

3mL MRS 457 L §/ =60 mL sy
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IMAEMIUERMAI
1. iMwaRIERESSANURHES™
2. [USKRYMIMAESM UMY WANISIS AN BRI
3. HOBSHAURKMI
4. SH™™I
5. HOIUUSAGIHt wRmSgjRiansfiuioanisfunesanniv

H{M/yY
SHHFRYAUWAHEISM U S/AUNUMAN/AACS
UISHUSGUH IS AMHUWIS)|//RUNUE S AN
INHRA{USHYREIMNH M U AR SIHNIN Y

SGANGHEUEN — MOGANGISU{URRY AN

HHAMARGHAUNAN —ManimRiSATuDanisii (Yts)
GANGRIETU

ﬁ UISEasRYg | o S|
e INHE A . |
: | SSan -
1 SUNSHR i
[} 1 |
/[
: = HEOHRGHU / EY
| seoomng g Siantusinn N
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GuRE2IS A NaOH SUny1.420 M B{fEimisa{isny
25.00 mL éSRitsaijiE H,SO, AUMii4.50 M?

BRI BMIIRG

H2304 + 2NaOH . 2H20 + N82804

- M ., - rx ., M
mzmﬁqﬁ — tgmma;ﬁ — igmi:.‘lﬁj — S N&I
acid coef. base

4.50 mol-H30, 2 moHNaOH 1000 ml soln

25.00-mt x X X =158 mL

1000_mkson 1 moH;S0,  1.420 moHNaOH

Abngn g
MIFIRAIRIRY 8N TR 8RR AINY
ﬁﬁh‘;ﬁﬁgmmngmimmﬁmmgﬁﬁmﬁmgmgj@gmﬁ?ﬁ

3CH,CH,OH + + 8H,S0, 3CH,COOH + 2Cr,(SO,), + 2K,SO, +11H,0

Sﬁﬁmﬁiﬁh‘qiﬁmﬁmﬂj’ﬁmfgﬂﬂinﬁ Alcohol Effects

: o =

WEIGHT e,
GAIN = il i

HAMPERS SLEEP

7~ AFFECTS HEART
\ HEALTH

> /
<  LEADS TO
D»‘BmFNES PANCREATITIS

WEAKENS
IMMUNITY
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UM &
BIRITUTBMIHWY SHHWHAINNNUURAE2WI [My:
(El) ZAgNO% (aq) + Na>SO;, (aq) — ™
(b) BaCl, (aq) + /ZnSO, (aq) ——»>
(¢) (NH4)2CO3 (aq) + CaCly o —»
BINAIIUBRIR WY SHHUHRIUANTURR YN [
(a) NasS (o) + ZnCL gy —»

(b) 2K;POy4 (aq) T 351'@03)3 (aq) ——»
(¢) Mg(NOs)2 (aq) + 2NaOH (o) ——>

intinfimIennmunmesSu Uttt gRuuRnyuiBnminge
(a) MIANLIEIRULIEE]H NaNO; TEI it agj CusSOy
(b) MIANIAINLE A1 BaCl, Y WAIRINIA]jH K,SO, |

GBI BTN IR NG (U NY UTH AT

UM &

2. GIRMNBHEWENANAEN N TFSIMENMAR TNAIGNW IgW: (a) NH;

(b) HsPO, (c) LiOH (d) HCOOH ( #@i#RES) (e) HySOs (f) HF (g) Ba(OH);

0. wdtEmeNY SunuiEmiRgy SEos R (il

AR

(H) (H3COOH (aq) + KOH (@)
(b) HyCO;3 o + NaOH ) —
(¢) HNO3 (o) + Ba(OH); (o) —



NG RUR) SAE AU

anAntenitwASsdingm AgliUARYAT
NS menmummummn gi¢]

BUNTeN NWHT ANy

33 3’

UM &
39.  Gunsuingugnunitunsgumwenipmy: () gidtunuingSywisih
MARLMUEEA IV (i) ALNS RGN N HNIHRLRY (i) MANNIgY :
(a)2Sr + O, — 2SO0
(b)2Li + H, — 2LiH
(c)2Cs + Br, —® 2CsBr
(d) 3Mg + N> > Mg;N,
4. justimagiewnmmeimumnisidistessnanny v Mgy
sl @HS (b)Ss (©HS0, ()S* (HS (S0,  (2)SOs 1
2. flsnasgmdstiEes phounnnafissERanny st
HIRRSELI9ZWI[NE ¢ (a) H:POs (b) H;PO, () H:POs (d) HiPOs  (¢) HiP,O-

(ﬂ H5P3010 1

uma
45.  BIRUESSH ﬁﬁ?ﬁﬁgﬁtmgmqﬁfﬁmms§MU$ﬁﬁtLmﬁgaﬁimfjm SHAWH
SHWY QWI[MY : () C,0 (b) CaL, () ALO; (d) H:AsO; () TiO, (f) MoO.’
(g) PtCL> (h)PtCls™ (i) SnF,  (j) CIF; (k) SbFs
46.  pigwigsHRRangismgsiEnnssuumalimemnwn Sufs Sywe

2

SWINE ¢ (a) MzNy (b)) G5Oy () CaCy (d) CO™ (e) O (f) ZnO

(2) NaBH, (h) WO, 4

4. igmlyunsismifniiigssninnynsERdnemmysnitEsms

[URRYM YW HUALERLTNSE tNO N,O SO, SO; P,0; 1 iRhAMHMEH

AMEW? SUGH?
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UM
55 GIAMNSIMISKIN MR [HimiEEjeils 00x10° mL ISAIRtIajH2.80 M 4
56.  UiWINN 5.25g 1S NaNO; [gimsimnwindimanpupnsismbajuiiams
aputIRg jHRETINE 1 L 1 i8S gihnisaumamguns?

57.  THES MeCl, URSHUIBUMSIHMSY 60,0 mLISARwacji MgCl,0,100 M
58.  IHIS KOH US{MuiBumaigngii 35.0 mL ISatiagji 5,50 M 4
59.  BIRMNNGEIAISM WA HE LI ¢

(a) 29.0 g TSTHIANG (C,H;OH) fi¥1 545 mL ISAIALIAI]H

(b) 15,4 g ISENFMR (C1;Ha01,) ¥ 74,0 mL 1SR RULIRG]H 4

() 9.00 g 1SARjH1I (NaCl) i1 86.4 mL 1SJRILIAIJH 4

M
BIRNNG G AL WA S G9S[N :
(a) 6,57 g ISIEAANL (CH;OH) 78 1,50 x 10° mL i8agrytuagj |
(b) 104 ¢ I8MAGATJHHE] (CaCly) £ 2.20 x 10° mL 1SAJAULIAL]H |

(c) 7.82 g 19AMUTMIGS (CyoHs) 1t 85.2 mL ISERItIRI U UHIHS |

62.  BIRMNABNHA G IMIHENNIUS W MEUNS M SHIMwNg
2,50 x 10° mL ISAIUEIA]H 0,100 M :
(a) TMMJH??U;E;@ (Cs]) (b) MAIRGUEIS (H,S0,)
(©) ﬁgﬁJHmQMﬁ (Na,CO3)  (d) ﬁmmgﬁﬁmﬁ‘iﬁ (K,Cr,0-)

(e) UmagjtnEEmAME (KMnO,)
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gt AwHT waniguas : anpainuymisGician: el

ik

=

65. wIINMENNUjUSE 1L isanituagjh HCL 0,646 MIBUSTRuTMUw]

L |
1

HC12,00 M

66. nuiguBmaint 250 mL iSyRAH KNO; 0.866 M IyAGIIIAMNEIS
rgrutIagJuDA AR 500 mL 1 1R AUNU ISy RGN MissgSHUe?

67.  REAGIgH 60.0 mL 18 HNO; 0,200 M Figrituag]uegnis HNO; 4,00 M
UNHEEIEE?

68.  HAWIS 505 mL iSwmtuagd HCl 0125 M UIwHEARBHANIIMINS

RIMTOHTIMAR 0,100 M 1 IR B AR BEGHTSIS?

69. AN 35.2 mL ISRIMLIAJH KMnO, 1,66 M 1§ 16,7 mL 1SrjMLIajH

KMnO,0.892 M 4 GIHMNSI UM TSaiatisagjHut it |

Bun
73, WRsTAUEE 300 mL 18 CaCL 0150 M 161 150 mL i3 AgNO;
0.100M T MY ISHHT AgCl g Suigs?
74 MARAMA 0.6760 ¢ iswMmmaEsniBUnSEAREMYE (Ba™) [ins
INTUIWHHGH  SHHWMISHINNYINa; SO, 1 | Lﬁﬁ'“jsﬁﬁﬁm%ﬁﬁm{ujﬁ
QmE  (BaSO,) IBUEIWEMGHE 04105 ¢ iEMmwmEILIS  Ba

nu M mmE sigu s iimiinsg suigs?

75, TRIR[EIMI NaCl UDS[MEHEjUERRRIMEWALY Ag W NS EITRHD
250 x 10° mL ISWAWAH AgNO, 00113 M? GiRHaiEmigtaim

SINIGLENES
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ATtme

79.  GIAMSINGN mL (SRR NaOH 1420 M iBwgimmindRespm
A RULIAJHRHLI 9B R [
(4) 25.00 mL iSARUAL]H HC1 2430 M
(b) 25.00 mL “%sfgn;qu]ﬁ H,50,4.500 M
(c) 25,00 mL {SfYEIAL]H H:PO, 1,500 M
80. mW[IIMIMAYAWA HCl 050 M UDSHEjUsNURmwIjHEgmY
AN ENATGIE
(2) 10,0 mL ‘%Sﬁgmmmﬁ NaOH 0.30 M

(b) 10,0 mL ISARULIAS]H Ba(OH), 0,20 M

WM&

83. I8 (I) MEMHNLHAMUANLEY KCr0, fusijhsmunituins
gl B MR e M ¢

CnO" + 6Fe” + MH — 2077 + 6FT + THO

(RS TH{EI{THA 26,0 mL ISUEAHK,Cr,0; 0,0250M HEJEH]S,0 mL

iR mSEA Fe' ROl Fe' iSugmar
8. igeng SO, pUmmu SR BN unamATnGR 1 fndiudh
mﬁm‘i’ﬁnnﬁimmmnfmlﬁmigmﬁgl:qmﬁgﬁfmﬁﬁmMﬁﬁgtﬁm@ﬁmmmﬁ :
550, + MmOy + 2H0  — 580 4+ 2MnT 4 4
GIRINSITIIANT[MES SO, gﬁmﬁﬁinmﬁsﬁmmmmﬁ?sﬁ 737 mL

i

vl

SAIRULIRJH KMnO, 0,00800 M [3iMIImsainG s g |
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86.  Hntisanwa A EiustnmiE e nstn sk m Uty
T B Y A eV GO PR Tt e M

IR RMBRIE NI ¢
DMnO; + SH,0, + 6H™ — 50, + 2Mn™ + 8H;0
(ST MIEING36 44mL ISAIRUIAJH KMnO, 0,01652M (i Hrdnny
RIGIEN L 25,00 mL 18EJRULIAGH H,0, §IRANSIHG]ITASARtjH H,0; |
88.  WANHRANLE (H,C,0,) MSIfMSHuinma Shuigthifis y wasbmpim
240 mL iSEAULIATjH KMnO, 0,0100 M iRHEPEHNMEW 1,00 g 18 H.C,0,
igiRaitSEYEY IEMAIMNNIS HC,0, fumadommgsnognse wimn
NG
2MnOy + 16H™ + 5C,0,” — 2Mn*" + 10CO; + 8H,O

ik

8. mEHmMUIN 250 mL isyuwaswitunsigiuiuy Fe BuFe”
Mg 23.0 mL 18 KMnO, 00200 M (pémiadiugiond 1 Mgau Fe*
SHHAMSIHRAARYIGINAN Fe'™ 1 USITHRRULIRHHInShAMwNS
[whngMymm: Zo BETIUEEGYE Fe SWnmisihRmY Ferm 1 Gumd
WRWAHIIENSERTARLY Fe'™ (§iM1 40.0 mL ISRaH KMnO, At
AnUHARAREIGINRL Fe™ 1 grusfndginns Fe* B Fe'” gy
iBH 1 R EMIRWESIR

MnO; + SFe’™ + 8H — Mn”" + 5Fe’ + 4H,0
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BUM &

90.  MURJEHAANGNE (CaCy0;) BIIUMANGME T GIMSUIHRISSNHNS

DR HinnduimanisAtiy Ca puianigEhANy 1 M EHRNGNE

iRnmste s §inwimgs Sk ARMEUYLwaTHE KMno, i
ST o R R R R EE 1
tetrnsimpnmiany 10,0 mL {§if 242 mL i3 KMnO, 9,56 x 10 M
RNUHENAEUN Y GIENDUIMANMELNE (mg) Esmnﬁmgﬁgﬁ BRI (ml)

Tanm

i) SS:NSHAS
Chemical Equilibrium
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Melting Evaporation

Liquid Gas

Freezing Condensation
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Reactants —— Products Equilibrium: no net change Reactants <<—— Products

i Aeindns arn:fewmeuifpuEnr (s nsinins
iff Q < Keq,iﬁ;mm,{’. w Q > Keq’ el e
(mesotomaddna ) (ssotovains )
avw o @
UMNHI8sAI8H
) N

ﬁmmmf'mnﬁ@sﬁnﬂ'isNZO‘pmﬁ?qn[pmmgﬁ
nﬁfﬁﬁGJmNOZﬁnn@ﬁ:
N,0,() > 2NO,(g).
° tm:‘%ﬂmnmgﬁ@ ﬁnﬂnﬁﬁfLﬁLEm gustinne
mmm%sN204 (1] NOZ.

* pifn ﬁmuunﬁumamsis[pﬁnm:tmenﬁu
1 -~ n

m{ﬂ srAnyperinmur

o tmﬁn{]ms: ﬁmﬁ%sLﬁmgﬁﬁq‘iﬁﬁh}m:
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N,04(9) = 2NO,(9)

i iglinnsisns NOzmStﬁmgpﬁLﬁﬁLmé hnwuing
ieithame N204:
2NO,(9) > N,0,4(9).

® 181585 N204 Lﬁﬁﬁgwimﬁmgmm@immn@SNOZ HE N02 Lﬁﬁﬁgiﬁﬁjﬁimn&mmﬁm

N,O0,
. argmnm A dymid finfimifmnennn:thenmas
L] ”\’ 2]

N,04(9) === 2NO,(0)

um#ie iy
fpjemnig(uiny:

— [A] el BERUE

— [B] shstdfuiingapiun s i Aiss

— ighnn [A] 8 [B] wi Alfamenuu(uneyainifa )

A<=—=8B
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N»(9) +3H,(9) === 2NH;(9)

U {8 A7 84
Ca k)
wifanppnina(aimaanis)

°* i KP %mm:n}éﬁmLmﬁLﬁﬁﬁgfﬁmmr’semeﬁéa

Kp =(PP)p(PQ)z
(Pa)*(PB)

K P FIR AT eI E T HLEN MR AN AT A uTEN Mg o
#H n N L3 4;

aﬁj{sﬂ R G RITRIT e
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N,04(9) === 2NO,(0)

_[No,J

Ko = =0.212
© T [N,04]
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diiesnnii 2NOy(9) === N,04(9)

_[N204]_ 1
[NO,J* 0.212

®  iBInIRN mLmﬁLﬁﬁﬁﬁﬁaémuﬁﬁmﬁmﬁLm ITRIs n&é’ﬁ%ep%mmémmﬁﬁ BT
\441' p7] \441' ﬂ| L3

av o co
UINHTS T84
£ /N
nidndeiandé(Heterogeneous Equilibria)
*  muamppbpinisddasugaasnaysn(haingn) soshaifauians
* by detuympfsmemugum nsmisiifaderiant

— MU MINANT U ANIS C02 %i‘rséeammﬁmm’?ﬁmm”is Cao s CaCO3«1 ﬁmjij?

CaCO;(s) === Ca0(s) + CO,(0)
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CaO CaCOs
a)

CaO CaCOs
(b)

o a9
13I8
o £ [ 4
mammnptua
*  Auudrimyiwdunmsrefunbndsimata Santagefusrdidi S sinp dinnawd] s T

1@

* ubmmuduniissmaniyfangnangpuisiaifiad.
1

®  inan COziﬁmtﬁmcﬁh%ﬁsmp‘&mm‘iﬁﬁmmﬁsa’gms cao §¢1CBCO3 9

CaCO;(5) =— Ca5(8=) Lc8éz(g)

S=solid= ms . gas= S= mnenis
Liquid= | = mans
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1. ranaimgpu St asdmini §a

2. ﬁmmsmnuICE(IZInitialszjtﬁﬁ,CZChangezﬁﬁgu§
E=Equilibria=sa)

1. tnmuinanmeg)

2. tLﬁm;iﬁJmLé(ﬁ mm]m'ém)ts*lm‘}ﬁ‘iLﬁﬁLiimm‘}giﬁﬂnﬁ

3. mavguiimtaifais(piymnedd

4. meiel Ambifuissdnsufnge)(Sepponiniiannie )

msﬁgigtn‘_’ﬁﬁsn}ﬁﬁ
B0 ﬁmﬁﬁémm'%spﬁﬁg

i Q munnduuing wpptringeiuneanden ey

aA +bB(g) == pP +0Q

inn [A], [B], [P], &u [Q] mAtmgepineiAtm e

 PPeF
AP [B]

Q
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e #Q>K %Lﬁﬁﬁngm@ﬁmﬁmﬁhtﬁtﬁjmnsﬁn&sﬁﬁﬁ(tﬁtgh)

* if Q < K Adngpouiaimfndaieianesuniia(ieiad)
b Y (2]

Example Problem: Calculate Concentration

aremé:mitiunie H | ts*ln?q;wmnmﬁLﬁfmSﬁ?@mmm:m:mﬁﬁn}m 2.50 t';fm'is HI mgumﬁéﬁnp:1 0.32L=11§mnnm
2 2 1

[Hz]ts*lmmn}é'ﬁmLmﬁLﬁﬁﬁg:ZH|(g) hars H2(g) + I2(g) K.=1 .26x10-3

sanmsens HIL: 2.5 m01/1032 L=0242 M

2HI H2 + I2 Keq:[HZ][Ij]
I 0242M 0 0 [H1]
C: -2X +X +X

E: 0.242-2x X X

[X](x] X"

== - =1.26x10"
[0.242-2x]*>  [0.242-2x]

Keq =



ﬁnnm?sy ftwRSsgin Al m“mﬁ
YU SNATWHGE UANMY9

NN SiRUNH)S nLUnmggan
Lmhtn nyMHGiGIN: g19]

m 303
D3 33

AN wesEme

X2

020 2N

> =1.26x107°[0.242 - 2X]?
=1.26x107°[0.0586 —0.968X + 4X°]

=7.38x107° —=1.22x107° X +5.04x107° x*

0.995x> +1.22x107°x —7.38x10™> =0

—b++/b*—-4ac
X = =0.00802M=[H,]
2a

Example Problem: Calculate Keq
ﬁﬁmi:ﬁﬁtﬁﬁﬁﬁﬁhﬁ?ﬁnmhﬁsmtﬂ‘;ﬁﬁﬁﬁ?ﬁ:
2y 1 1 \Aq" A 1 1

INO(g) + Oy(g) == 2NOs(g)

Lﬁfmsﬁ?ﬁysﬂ 840Cm§mm§1m§ﬁ§s NOs 1 atméhﬁﬁh‘ﬁms(ogtsﬁ atme seim mn"jﬁﬁmwﬁozﬁ

d5063tm ﬂﬁﬂﬂpr?

IHMS 2 NO + 02 %2

Initial:
Change:

Equilibrium:

hﬂﬁﬂjji‘]ih’] s
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Approximating
If Keq is really small the reaction will not proceed to the right
very far, meaning the equilibrium concentrations will be
nearly the same as the initial concentrations of your
reactants.

0.20 —x is just about 0.20 is x is really dinky.

If the difference between Keq and initial concentrations is
around 3 orders of magnitude or more, go for it.
Otherwise, you have to use the quadratic.

Example

FOLLOW-UP PROBLEM 17.9 In a study of halogen bond strengths, 0.50 mol of

I, was heated in a 2.5-L vessel, and the following reaction occurred: I,(g) === 2I(g).
(a) Calculate [I,] and [I] at equilibrium at 600 K; K, = 2.94x107'°.
(b) Calculate [I,] and [I] at equilibrium at 2000 K; K. = 0.209.

a)fuminiuie 12: 0.50 mol/2.5L=0.20 M

& 21 onders ot e
2 .
Initial 0.20 0 Keq = r _ 7 94x107'° _ between these
h -X +2x [1,] numbers. The
¢ an.ge [2)(]2 simplification will
equllz 0.20-x 2x = 020 x| =2.94x107" work here.
2ZU—X

tmmtﬁm}ﬁmjﬁgﬁmmz X mmownsds 0.20 —x =X

[2x]’
0.20

—2.94x]107'° x=3.83x10°M
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Example

FOLLOW-UP PROBLEM 17.9 In a study of halogen bond strengths, 0.50 mol of
I, was heated in a 2.5-L vessel, and the following reaction occurred: Ir(g) === 2I(g).
(a) Calculate [I,] and [I] at equilibrium at 600 K; K, = 2.94x107'°,

(b) Calculate [I,] and [I] at equilibrium at 2000 K; K. = 0.209.

Initial Concentration of I,: 0.50 mol/2.5L =0.20 M
21

I, )
Initial 0.20 0 Keq = ﬁ —0.209 These are too close to
change  -X +2x 2 0 ZCSCh Ot.}lller o
.20-x will not be
equil: 0.20-x 2x = ﬂ =0.209 trivially close to 0.20
[0.20 —X] here.

W mmm}é’nﬁswgﬁmm: X Bemuimumneed

afh sy sdmiin e
[hrnes !

ﬁﬂﬁﬂjrj{ﬁﬁﬂZLﬁﬂtﬁ

mamens Chatelier
Le Chatelier's Principle

wumind Chatelier - riedaninedifanSauneideiimstming

gmm‘im:tmmmmﬁmﬁ}ChatdIer ﬁs,%nﬁﬁtjm?mmﬂjmmmgﬁmfﬁmﬁ&m mﬁﬁﬁm:@f{jgi
Y
ne nn’teLﬁﬁSﬁuﬁsm}ﬁuﬁﬁﬂ iszﬁsmﬁﬁrjﬁﬁ?gy ﬁnlﬁjﬁiﬁﬁﬁmﬁtgﬁjtﬁﬁ:]LﬁﬁLﬁﬁLﬁﬁﬁﬁﬁfﬂm
8 a @ X 180 <+ [2] n 2y b

gamgmﬁéﬁamemﬁgtﬁﬁj@gmm SRMARUINUGAMS
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N(9) + 3H,(9) === 2NH;(9)

mumnd Chatelier
uimp;mﬁmﬁpﬁnmn&am
smmmatsatmess Haber
N2(9) + 3H,(9) === 2NH;3(9)
iH, aesigsetmatiupagod w:poipingunnigesentamsigsH, (Dy Le Chatelier)
%mLUﬁgszﬁmLﬁLmﬁ'j Hzémgmﬁn‘?m’mngﬁﬁn'jn}é’aﬁﬁjimsmﬁmﬁn=1

*  ymin: [H2] 84 [NZ] faswnssinnn [NH3] meifinigh
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uinan§uiemymarpim et udiiymesdan (NH3) [pimeEmemmusu it wuing (N2 < H2)
And

Lﬁfm Bﬁgg\ﬁmﬁgﬁmﬁ 9
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<
finumne Sansnn
o n

islinunanssmy: mgpmﬁstﬁa 430 ST AT RS

Le Chatelier Lﬁﬁﬁstﬁmy%ﬁim szﬁmg‘jﬁpﬁ 8{RIM S§ﬁmi§ﬁ39ﬁ§ n&éhmnﬁmg‘jme: 9

wmumind Chatelier

N»(9) + 3Hy(9) === 2NH;3(9)
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wmuminh Chatelier

LHE R R T T
Pump to circulate

and compress gases
% =@t

| ot 2=\ T

Expanding / \ T ‘
gases cool —

r;eat Heat -—]
Recycled exchanger exchanger
Hn rea?jt?_*':l o
an
2 2 ’F__j "
d Catalyst
| (460-550°C) -
L]
Refrigerated
unit Heating | =
coil :
Liquid NH+
2l Preheated
NH4 outlet feed gases

wmumind Chatelier
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5- BIHHNSWHIWGEHETi0g ShaishiHaiog 4
GHAASNINNISmSGiuNnMmwne2
6- TRSHHAIN K. S1 K, fHE?
7- BIRNRIRIGNEIBIGEY K, ANU [URRYIE2MIMY
fi- 2NaHCOs(s) = 2NayCOs(s) + COsx(g) + H:0(D)

2-2CaS04(s) = 2Ca0(s) + 280x(g) + Oi(g)
8 - GITIAITRISNHIGINSH K, 88 K, (ITMEMS) Bnimsigseiimy
fi- 2C04(g) = 2CO(g) + Oi(g)
2-30:(g) = 20s(g)
fi-CO(g) + Ch(g) = COCh(g
W-H0(g) +C(s) = CO(g) + Halg)



13- IBIRBSHEINGPRAY 2HCI(g) = Hi(g) + Cl() §4.17 x 10 ** igldangme
25°C 4 GHAIBIAEHANGURAY  Ha(g) + CLO) = 2HCI(p)
igidannmaLite 4

14- giowuamaGsunmshispingisidgnmn 700 °c gemigms

ZHy(g) + Saog) = 2HaS(g)
MuMIAMAEUNME 19i54iRiNads Hy 2.50mol 888 2 1.35 x10 mol

S48 H,S #18 g 121 1 GIRANSNBIEH{UHAY K. 1
15- GIRONS) K, 191Q60MN 1273 °C i8{UfiAY 2C0() + Ox(g) = 2COs(e)
1 THERIE K, 191 05ANMNEsH 2.24 x 102 4
22- mﬁnljﬁmmﬁﬂﬁ (NH,CO:NH, ) GiuRgsai{my
NH:CO:NHy(s) = 2NHi(g) + COa(g)
iwntiEymsiaEimaHTMMaHdNm 19iNGMmn 40 °C HmEgLs

fI7U (NH; 881 CO,) 70,363 atm 4 GIRANSNGIGEN K, o

28 - IBIISHIs[pRAYMA R RSB HinsIENSmsidEma 25°C
CH:04(aq) = H*(aq) +CHOy (ag) K. =6,5x10
C,HOs(aq) = H+aq) +C,0.7(aq) K, =61x10"

G N R VLA N [ I S L e

C,;H;0s(aq) = 2H*(aq) +C,04 (aq)
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38-[URRYRINAMEINA No() + 3H(e) = 2NHi(p) IBIRSHis[UEfY
K.=12 181605 375°C 1 miiwhswissmity [7,], =076M .
[v,], = 0,60 81 [NA, |, = 0,480 TRAUMTAMEAMYWIRIGHH Shtm

NMBWEIAAN AMSHREASH?

51- iwunmasiisppiiguingtanms so,, Cl 81 s0,Cly
SO:(g) +CL (g = SO.CL(g)
d = & & k] & . o
SRjSRINGa [URRY DIRG9 [URRY [FINSMAIN WIS
2) aWa[EinsuiguIgIGh[URRY
b) SO.Cl [FiMgdmBANURRY

[ I =]

¢) SO, [HIMIARB[ING 1 K5 FdT |
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Analytical Chemistry Part 2

iﬁ:;%wim AEima?

m?QLp mmeﬁghméamﬁ’mﬁ MIRHERIIMANAY SN ERIM B AMA
" ~ g N m v g

mamaisHms
?mﬁﬁmmn:ﬁ&ﬁhm o) smqﬁﬁgm AhmARTAMA
1

fmavTnan:safam iﬁmqﬁﬂ Symwomsuimanige
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Figura 1-1 The relationship between analytical chemiszry, other brandhes of dhemistry,
and the other sciences. The central location of analytical dhemistry in the diagram signifies its
importance and the breadih of its interactions with many other disciplines.

MNo —
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@ﬁﬁméﬂﬁmﬁiLﬁgﬁﬁﬁ TABLE 4-2
Prebixes for Units
TABLE 4-1 — e =
51 Base Units i z =
Physical Quantity Mameof Unit  Abbreviation e T o
Mass kilopram kg EE;_ = :g:
Lemgth mister m kika- k 10°
Time saroind 5 E :, e
10
Temperahure kelvin K deci- d 10
Amount of azhstance male mol :K - }E )
Eleciric ocomment ampere A micro- B 10+
Laminous irtensity candelz ed — . 10
Pl P 10
femtio- F BT
ain- a 10 ::
g 916] A :z : }E 2
B - : - . T T T PPV
volume solution L
. 8 ~ J/
AND
Mass and volume units must match.
For very low
(g & mL) or (Kg & L) concentrations:
ng

parts per trillion f = ppt
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Expression Abbreviation w/w w/v v/v
Parts per hundred pph (%) g/100g g/100mL mL/100mL
Parts per thousand ppt (%.) g/kg g/L mL/L
mg/g ~ mg/mL  pL/mL
ug/mg  pug/pL nL/pL
ng/ug  ng/nL pL/nL
pg/ng  pg/pL
Parts per million ppm mg/kg  mg/L uL/L
ng/g ug/mL nL/mL
ng/mg  ng/pL pL/uL
pg/ug  pg/nL
Parts per billion ppb ug/kg ug/L nL/L
ng/g ng/mL pL/ml
pg/mg  pg/uL
Parts per trillion pptr* ng/kg ng/L pL/L
pg/g pg/mL

*pptr is used instead of ppt to avoid confusion.

Concentration scales (cont.)

Weight / weight (w/w) basis

o (W/W) = mass solute(g)
mass sample(g)
= mass solute(g)
ppt (W/ W) = mass sample(g)
= mass solute(g)
ppm (W/ W) - mass sample(g)
ppb (W/W) _ mass solute(g)
mass sample(g)
_ mass solute(g)
ppt (W/ W) - mass sample(g)

]1()2 -> percent

10° > ppt = parts per thousand

10° - ppt = parts per million

JIO9 - ppt = parts per billion

12

- ppt = parts per trillion

This scale is useful for solids or solutions.
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MEASURING CONCENTRATION
molarity = meles / liters -[sorutios

VOLUME

o= s g — [T

ol o= ol e s

sl sl a0 %
nomaliueenivalentsyiiets

ﬁﬁ?mnﬂﬁﬁﬁ?m HAD
#09%

Errors in Chemical
Analyses
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Lﬁﬁmsﬁtﬁnﬁmgfﬁmﬁﬁﬁmmﬂﬁ
10 B bJ] §§

mﬂaLﬁng

ugjudemendlagn wiafana
s . annAf:miffinaunind uRean...... 40
2NN EFRANME MA@, . ... IR s 8

fsnud:Aanduinaniynnnmassama(fnm ppm)
1

poasn:argsnsneunimannsoinaniun (1) sammstamnsndge snnmetinaogm Tangage
I - I u.g Ir - m.l:l ¥ L L 1 » L L3 E
syarghniznnaien(111) 20.0pPM sniguad19.78pPM (prmavyim
LI ] L] L 19.8ppm.
I 1 I 1
12 154 A0 e
rpem Eondlil) EXAMPLE 5-1

Figura 5-1 HResults from six replicite
determinations of iren in aquesas
samples of a siandard splution Solution
containing 2000 ppm imndl11). The
mezan vale of 1978 has been rounded | — 2
o 198 ppm (zee Example 5-1). 6

Because the set contains an even number of measurements, the median is the average

1 . e of the central pair:
. wijy fiwpe X
19.6 + 19.8

median = f = 19.7 ppm Fe

Calculate the mean and median for the data shown in Figure 5-1.

19.4 + 19.5 + 19.6 + 19.8 + 20.1 + 20.
9 95 ? L 3 = 19.78 = 19.8 ppm Fe

== (5-1)

men =X = 194+ 13 + 1946 ; 194 + 301 A 19.78 = 19.8 ppm Fe

iung Xiﬁ'ig't’emmh}ﬁgmﬂ, N Ggsismineg, by sy
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w8 Anwnissignamaisume]ufigeieit |

19.4 + 195 + 196 + 19.8 + 20.1 + 20.3

196 + 19.8

median = = 19.7 ppm Fe

mnmﬁmﬁ(PreCiSion):%mmnﬁﬁifqﬁismgﬁm?umegmmsmﬁﬁgﬁ@=1
msmﬁJ(TermS)ﬁmszLﬁmLmﬁnnnnmnnﬁﬁ(Set) mmm(repllcate data)mmmmum hiph Bawaanad
mnsmn@iniie:mugaul nifniylyw Xi wimn Ay di s

M

d= | =% (5-2)

mmLﬁﬁLﬁf(ACCUraCy):ﬁmmﬁmmﬁﬁ{mﬁismmﬁ'jmé‘ﬁﬁ%ﬁﬁﬁmﬁﬁg9mtﬁﬁms nﬁuﬁmmﬁﬁfamnﬂm
'y n v 1 o ) n v H

mg]tﬁ e ﬁ(AbSOI ute Erro I’) LN mEgh minasisuiman Xmuasdmas

E=x—=x (5-3)

it Xt mnighnynigegmnme:
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LR -~
-
.
—"= S
e hapé Mm“i“m"w
Low accuracy, low precision Low accuracy, high precision
The absolute error of a measurement
@ is the difference between the measured
value and the true value. The sign of
the absolute error tells you whether the
value in question is high or low. If the
High accuracy, low precision High accuracy, high precision measurement result is low; the sign is

mnpfupgndamemianint

wjwdu(Relative Error)

negative; if the measurement result is

maEgRememintgs hish, the sign is positive.

mg]tam]ﬁEr ftnsani:aien Sivuuin nnmmng]ﬁ mﬁmmmmminﬂmtﬂﬁ%m 8% ;ﬁetjmmm:ms‘pm

EF =

r

pasam PPt ( Parts per thousand)

2mm:nﬁ:tnﬂﬂ1ﬂﬁm{|mﬁﬁﬁp¥gEgémFigUI’e 5-1z

~19.8 — 20.0
’ 20.0

Xg T

2T 100%  (5-4)

Xy

X 100% = —1%, or —10 ppt
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Types of Errors in Experimental Data

Random, or indeterminate, errors Systematic, or determinate, errors
affect measurement pru-:i::ja:m. affect the accuracy of results.

5B-1 Sources ot Systematic Errors
There are three types of systematic errors:

B Instrumental errors are caused by nonideal instrument behavior, by faulty cali-
brations, or by use under inappropriate conditions.
B Method errors arise from nonideal chemical or physical behavior of analytical

systems.
B Personal errors result from the carelessness, inattention, or personal limitations

of the experimenter.

mnnansamn(Sample Standard Deviation) muuns “S”

P.fr
2 (x, = %)’
. i=1 _
¢ = =
N-—-1
tuuufnan (Xi - X ) ﬁmn.‘:Jﬁ‘ignffﬂmdi Esﬁigxi iy f

(N — 1)msgstipmnic NUMber degrees of freedom)
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An Alternative Expression for Sample Standard Deviation
To find s with a calculator that does not have a standard deviation kc}-', the Fnﬂuwing

rearrangement is casier to use than clirn:tl}-' appl}ring Equation 6-4:

Si- u

;= — G

31{]&(82), Variance: mmﬁ‘isn}mﬁﬁg&mhgﬁsz ﬁ"tnsgﬁﬁgé

N N

D - ()}

52::'=1 _ i=
N—1 N—1

EXAMPLE 6-1

The following results were obtained in the replicate determination of the lead
content of a blood sample: 0.752, 0.756, 0.752, 0.751, and 0.760 ppm Pb. Find
the mean and the standard deviation of thi=s set of data.

Solution
To apply Equation 6-3, we calculate o and (Ex) N

Sample x; =
1 0.752 0.565504
2 0.756 0.5715336
3 0.752 0.565504
4 0.751 0564001
3 0.760 0577600
Fx, = 3.771 ¥l = 2844145
Xx; 3771

= 0.7542 = 0.754 ppm Pb

(Zx) _ (37710 _ 14.220441

= = 2.8440882
N 5 7
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Substituting into Equation 6-5 leads to

2844145 — 2.8440882 0.0000568
= \/ ) = \/ e 0.00377 = 0.004 ppm Pb

o 5 — 1 4

nffmﬁﬁ";mm]ﬁ(RSD)Eamtjmn}mﬁ(CV)l Relotive Standard Deviation (RS0} and Coefficter

I ¥Ooroilon

CV = RSD in percent = = X 100%

RSD =5 =

2| =
M| e

The result is often expressed in parts per thousand (ppt) or in percent by multiplying
this ratio by 1000 ppt or by 100%. For example,

RSD in ppt = ; X 1000 ppt
x

Relative standard deviations often give a clearer picture of data quality than do abso-
lute standard deviations. As an example, suppose that a copper determination has a
standard deviation of 2 mg. If the sample has a mean value of 50 mg of copper, the

2
CV for this sample is 4% (E X 100%). For a sample conrtaining only 10 mg, the
CV is 20%.
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yUMTen MwHUT

masy o (Spread or Range (w)
mog g8 W Ammnpiigad]s fﬁmgsmmmmLﬁmLmﬁnnﬁmﬁmmmﬁmﬁ%smgﬁmLmﬁ(repliCate)ﬂ My g Aman

guminuniyiiinfaniyneiinisnyny yuig: mm‘is@&émg&(s-']) §(203-194)=09ppm, Fe -

n?mﬁﬁg&mitﬂﬁ(RSD)msjmn}mﬁ(CV)

b e = SO SRR 1 S | I [ o AL ey g i L gl i [ TRt Y i FECR o 4 g e Y
Relative Standard Deviation (RSD) and Coefficient
) gL B 17
or variation (LV )

CV = RSD in percent = = % 100%

x
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EXAMPLE 6-1
The following resalts were obtained in the replicate determinetion of the lead

cantent of a blood semple: ourse, oorsE, 0752, 0.751, and G760 ppm Ph Find
the mean and the standsrd devistion of this set of d=ats
Soluriom

To apply Equation &5, we cbmlar Fx and {Ex) N

Sample = xi
1 0752 ETE ]
2 0756 O57I536
3 0.752 0565504
4 0751 OLSGA0NH
5 .70 05T 7E0

¥x, = 3771 ¥k = 2 BEAI4S
x= E: S LA 07542 = 0.754 ppm Ph
N 3
(E=f @77P 14270441
N — 5 — 5 = 2 E440ERZ
EXAMPLE 6-3

For the set of data in Example 6-1, calculate (a) the variance, (b) the relative
standard deviation in parts per thousand, (c) the coefficient of variation, and (d)
the spread.

Solution
In Example 6-1, we found

x =07 ppmPb and 5= 0.0038 ppm Pb
(a) & = (0.0038)2 = 1.4 X 107

(b) RSD = i i % 1000 = 5.0
T n‘?54 - Ppt_ = Ppt
0.0038
(c) CV = 5 X 100% = 0.50%

0.754
(d) w = 0.760 — 0.751 = 0.009 ppm Pb
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smfma(Confidence Level) aaCl

Clforpu =x = —=2 ts

2
=
I
=
g
2

t sgnunA gﬁgﬁﬁéStUdent, Sn}mﬁhnj&m. ..

TABLE 7-3
Values of ¢ for Various Levels of Probability
Degrees of
Freedom 80 % 90 % 95% 99% 99.9%
1 3.08 6.31 12.7 63.7 637
2 1.89 292 4.30 9.92 31.6
3 1.64 2.35 3.18 5.84 12.9
B 1.53 2.13 2.78 4.60 8.61
5 1.48 2.02 2.57 4,03 6.87
8 .44 1.94 2.45 3.71 5.96
7 1.42 1.90 2.36 3.50 5.41
8 1.40 |.86 2.31 3.36 5.04
9 1.38 .83 226 3.25 4.78
10 1.37 |.81 223 3.17 4.59
15 1.34 1.75 2.13 2.95 4.07
20 1.32 1.73 2.09 2.84 3.85
40 1.30 |.68 2.02 2.70 3.55
60 1.30 1.67 2.00 2.62 3.46
% 1.28 1.64 1.96 2.58 329
Aigma

9 -IGR2NHMBSGH WSO MENISHNMUHIAIS

MIRNNG MEI N ISHBIRI(w/w)
1 91.30
2 91.25
3 91.20
4 91.31
5 91.26

BIAANS:
a- BGE]8 (Mean)
b- GSBAMNA (Median)
c-  0HA Ynatha (Spread)
d- WINAHD (Standard Deviation)
e- ’iﬁ‘fjﬂﬂl;ﬁ"mﬁ (Coefficient of Variance)

£ WINANSIH TSl 95%
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M- {51 chardonnay 181 California g} METHD T EISE AHIGALHEEG:

Determination % Alcohol v/v
1 9.21%
2 9.15%
3 9.16%
4 9.18%

HIAANG:

¢) Minnadih

d) FWBTARANGIS] 90% R[S AT@E

msusnsin mwiasmay( Acid-base Equilibrium and Titrations)

=« Ahhrenuis : ngﬂ 887 tmmgﬁ?emmLmﬁgm% Swedish
-mﬁ’;ﬁmm:mqiﬁmsmmgué’ﬁmmgtﬁﬁﬁméénJ%n’juﬁLfims(H+)°|am. HCI(aq)—>H+(aq)+CI‘(aq)
- mmmm:mq%amsmmg&EﬁmﬁﬁgmﬁmﬁéuJﬁd’;hﬁLﬁﬁﬁ’;ﬁ(OH_)ﬂam.

NaOH(ag)—Na*(aq)+OH=(aq)

= Bronsted and Lowry:
-mﬁ‘jﬁlmﬁjmgﬁﬁeﬁawmm%ﬁmmﬁJLmjtﬁgaEﬁﬂ

~Mad. mLﬁmgﬁﬁﬁagpmmnfﬁ UM Ee gAImA AR TR
u , 1 ‘1



anAnTenwASSAIngm AYIHIOARYAAAN I AUMM SAEAUTINUER
HUNIgN NTWHUT wantiquies ¢ apniinymssicnn: g

v® - — @ - o8

Conjugate Conjugate
Acid Base Base Acid
Reactants Products

Bronsted-Lowry Acid-Base Reaction

snind smedn ooy Brgnsted and Lowry

Conjugate acid-base pair Conjugate acid-base pair
H,0 (acid) OH™ (conjugate base) NH, (base) NH 4+ (conjugate acid)
L Remove H* O Add H*

H,O() + NHi@q) = = OH(ag) + NH,"(aq)

Acid Base Conjugate base Conjugate acid
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famanmadgin Amuifimanaia-mn wBronsted- LOWI’y

D D D N

H,0 + H,0 === OH~ + H;0"

Water Water

MeIa=me LEWIS:

Hydroxide
ion

Hydronium
ion

- mfﬁzﬁ:mgﬁqgm(acceptOr)igmmqjﬁLﬁa
- mwmgng(dONON)igmugennsExamples of Lewis Bases: OH-, F-, H,0O, ROH,
NH,, SO,%, H-, CO, PR;, C4Hs.

il ]
2Fi % PB—F% - |[SF—B—F?
- . I - . |
s F. - F.
Lewis Lewis Acid-base
base acid adduct
Lewis acids and bases
* Lewis acids - accept lone pair
* Lewis bases - donate lone pair
H H®is Lewis acid -
r . QO @1 accepts lone pair
H—Br: HO-CH; ——>» Br: HO-CH,3
. . . . HO-CHpg; is Lewis base -
.. . donates lone pair
tE - )
../B‘\.l. . NH3 ————+- : F"_B*-NHa
:F F: Ff .

Lewis acid Lewis base

+ More general definition of acidity/basicity
+ All Bronsted acids/bases are also Lewis acids/bases
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medngin snowein( Strong acids and bases)
mﬁjﬁgﬁu:mmﬁ?ﬁﬁusﬂwm%ﬁmﬁ‘{ﬁﬁﬁjg("‘1 00%)ms§d‘qt&§a
RyAIRgg 4

mmgﬁa:mmmﬁﬁg}wmiﬁmﬁ%ﬁﬁmn(’“'l OO%)mfm‘iuﬁa
J 11 “

hRJIRY
Strong Strong
Acids Bases
HCL LiOH
HBr NaOH
HI KOH
antniad: HNO3 Ca(OH):
H2504+——SrOH)—
HCLO4 Ba(OH)2

m:ﬁ?ﬁﬁ§smﬁ3ﬁ mmgﬁﬁ

Strong acids/bases

Strong acids completely dissociate (split up) into ions in
aqueous solution

Eg. HCl > H+aqg) + Cl(aq) MONOPROTIC
HNO, = H*(aq) + NOj (aq)
H,SO, > 2H*(aq) + SO,2(aq) DIPROTIC

Strong bases completely dissociate into ions in aqueous
solution

Eg. NaOH —> Nat*(ag) + OH (aq)

—> Note the arrow indicates COMPLETE DISSOCIATION
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aejmepu semengps(Weak acids and bases)

m:Gmeupm:mmh?m‘ihgpmfﬁmt}?ﬁﬁ%smn(<10%)ms’m"mﬁu gt Rgpi
1 1 J 1 4" v 4
nasgpurmawsagpuiinivngeny (<10% Jmitsa

AT AT Ry

A

ammmﬁ:mfﬁme‘yrﬁgﬁmmgﬁmﬁ’;ﬁmqﬁfﬁrﬁﬁ(R-CooH) Eamfﬁﬁﬁgmégsgﬁm%HZCO?ﬂ HZSO3,
H,PO, H,S...

o (-] o

Acid-Base Relative Strengths
in Aqueous Solutions at 25 °C

Name of Acid Acid Base K
Hydriodic HI - H*+I" >>1
Hydrobromic HBr — H*+Br- >>1
Hydrochloric HCI - H*+CI >>1
Nitric HNO, — H*+NO,; >1
Sulfuric H, SO, — H*+HSO, >1
Oxalic H,C,0, = H*+HGC,0 5.90 x 10
Sulfurous H,SO, =2 H'+HSO, § 1.54x10?
Hydrogen

Sulfate lon HSO, =2 H*+S8S0> i 1.20 x 10
Phosphoric H,PO, = H'+ H,PO, 7.52 x 10
Nitrous HNO, =2 H*+ NO,” 4.6 x 10
Hydrofluoric HF =2 H*'+F 3.53x 10
Formic . HCO,H 2 H'+ HCO, ' 1.77 x 107
Benzoic ¥ CH,.COH = H*'+CH,CO, 6.46 x 10°
Acetic | CHCO,H = H*+CH,CO,- 1.76 x 10°%
Carbonic H,CO, = H'+ HCO,” 4.30 x 107
Hydrogen

Sulfite lon HSO," 2 H*+ 80> 1.02 x 107
Dihydrogen

Phosphate lon H,PO~ 2 H'+ HPO* 6.23 x 10®
Boric H,BO, = H*'+H,BO, 7.3x 1071
Ammonium lon NH_* = H*+ NH/? 5.64 x 10°"°
Hydrogen

Carbonate lon § HCO, =2 H'+CO 5.61 x 10"
Monohydrogen &

Phosphate lon § HPO2 = H*+POX> 2.2x10"
Water H,0 = H*+ OH" 1.0 x 10
For space considerations, ol reactions omit water as a reactant. SCIENTIFIC, INC |

HA+ HO = M0 + A “Towr Sater Sowrve or Seieace Supples
© 2008 Firn Sckerkie, . AS Figpes Resarvid:
AP7042



anAnTenitwASsangm AgRIUARY ARG AU SABAUTINUER
yumien wH wantliquias ¢ AignkinuymMIHLIGINN: g1¢

Weak Acids

* Donate only one H*
e Do not dissociate at 100%

For aWeak Acid: HA ;) = H* ug) + A (ag)

[HT J]A” ]
[HA]

K, =
The higher the K, the stronger the acid

For a weak acid, HA= H'+A"

[H][A]
[HA]
As position of equilibrium is considerably shifted to the left,
ASSUIT[C, [HA:Iinitial = [HA]BL]uilibrium and I:H+]cquilibrium: [A_]cquilibrium
H*|[H* H]
Then, K = [H][H"] _ [H']
[HA] [HA]
[H] = [HAIK,
[H] = J[HAIK,

pH = -log(4/[HA]K,) where [HA]=initial concentration of weak acid HA

At equilibrium K =
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| H3PO4(aq) + H>O(f) = H307 (aq) + H2PO, (aq)

> - +
Ko = H2POCNHSOT] _ 50 5102
[H3aPOy]

H, PO, (aq) + H,O(f) = H30%(aq) + HPO,* (aq)

2— +
K = [HPO, "1[H307] _ ¢35 % 10-8
[H, PO ]

HPO,> (aq) + H,O(#) = HiO%(aq) + PO (aq)

_ [PO,*"1[H;07]

| TR— - = 45 %107
[HPO,~7]

HHNREIeEn
1 1 b

2H,0 H,O* OH-

B Q=D

water molecule dissociation
Self-Ionization of Water

9P EDP} - I Q

H,0 + H,0 = HsO* + OH-

At 25°, [H,0*] = [OH-] = 1 x 107

K, is a constant at 25 °C:
Kw = [H30'][OH"]

Koe:=(1 x 10-9)(1 x 10-%) =1 x 10-14
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I d3 DIV -l Acid Dissociation Constants

lonic strength (p) = 0 p=01M"
MName Structure® pk,' K} pk,’
Acetic acid CH,00,H 4756 175 % 1077 436
{ethamoic acid)
tlm;
Alanine CHCH, 2344 (COH) 453 % 107° 233
| 0.868 (NH} 136 x 107° 9.71
CO.H
Aminobenzene @NI;; 4.601 251 % 10°° 464
{aniline)
4-Aminobenrencsulfonic acid '{}15_@_}.&[; 3232 586 % 107° 3.01
(sulfanilic acid)
NH;
2-Aminobenzoic acid 208 (COzH) 8.3 % 1073 201
(anthranilic acid) 406 (NH5) 110 % 10°% 478
CoH
2-Aminocthanethiol HSCH,CH,NH; e 821 (SH)
(2-mercaptoethylamine) — 1073 (NH3)
2-Aminocthanol HOCH,CH, NI 0498 318 x 107" 9352
{ethanclamine)
SR s 4.70 (NH;) (20°) 20 % 1075 474
i 0.97 (OH) (20°) 105 % 1970 9.57
NH
Ammonia NH; 9245 5.60 % 10~ 9.26
NH! g
3 NH; 1.823 (COH) 150 % 10~ 23
Arginine CHCH,CH,CH NHC 8991 (NH.) i 2R e
~an —— (NHa) — (12.1y
o1 :
Table 10.4
Some dissociation constants in aqueous solution at 298K
Equilibrium ' : K,or K,
Acetic acid CH,COOH + H,0=H;0* + CH,C00" 1.8x10°%
Hydrogen cyanide HCN + H,0=H,0* + CN- 4310710
Hydrogen fluoride HF + HO=HO0" + F 6.8 %107
Nitrous acid HNO, + H0=H,0" + NOj 45x10%
Monochloro acetic acid ~ CICH,COOH + H,0=H,0" + CICH,C00" 1.4x 107
Phenol CHOH  + H0=H0" + CH0" 1.3 % 10710
Hydrogen sulfide H,S + H0=H,0* + HS" L1x107
(=K, for H,S)
Hydrogensulfide ion HS™ 4+ H,0=H, 0* + §° 1% 10714
(= Kz for “zs)
Carbonic acid H,04CO; + H,0=H,0° + HCO;y 42 %107
(= K| for HzCO))
Hydrogencarbonate fon ~ HCO; + H,0=H;0* + COy 48x 107"
(= Kz for HzCOJ)
Phosphoric acid H;PO, + H,0=H,0' + HPO; 7.5% 107
(= Kl for H,PO‘)
Dihydrogenphosphate ion  H,PO, + H,0=H,0* + HPO} 62x10°%
(= K; for H;PO)
Hydrogenphosphate jon  HPOJ™ +  H0=H,0" + PO} 1x 101
(= K for HyPO,)
Ammonia** NH; + H0=NH + OH" 1.8x107%
Methylamine CHNH,  + H,0=CHNH," + OH- 5.0 % 10
Dimethylamine (CH),NH  + H,0=(CH),NH; + OH- 74 %10
Trimethylamine (CH;,N  + H0=(CH),NH" + OH- 7.4 %103
Aniline CHNH,  + H0=CgHNH,” + OH- 4.0% 10710
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Examples of Buffer Solutions

- Buffers are often prepared by mixing a A;'d =y Sak
3 - ase
weak acid or a weak base, with a salt of —— =
that acid or base. ERERE aﬁet';‘{;‘
L Phosphoric Potassium
- CH;COOH and CH;COO- (acidic buffer) acid phosphate
(Weak Acid) Salt such as CH;COONa |5 -1 —
oxalate
- NH; and NH,* (basic buffer) Carbonic Sodium
Salt such as NH,CI a6 CADOTRES
Ammonium | Ammonium
hydroxide nitrate

How to calculate pH of buffer?
Henderson-Hasselbalch Equation

= For any buffer solution when a valid approximation is applied,
its equilibrium expression is:

[HI[AT  HAis the weak acid From H-H equation, when the
4= e K ithe conjugate base concentrations of the weak
[HA] . . - :
acid and its conjugate base in a
K. [HA] buffer are equal, its pH = its
H]= ——— Pk, .
[A7] .
~ The slight change in the pH of
—log [H*] = - log K, + log [AT] the buffer is due to change in
[HA] the concentrations of the weak
. acid and its conjugate base
[conjugate base] ,
pH = pK, + log : when small amounts of either
[weak acid] H™ or OH™ ions are added to
the buffer.
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Henderson-Hasselbalch Equation

[H'] [A7]
[HA]

HA = H" + A- K,=

a

An especially convenient form of the equilibrium equation is obtained by
re-writing the equilibrium expression using logs -

Al
logn K, = Tosy [EF] & Tomg oo
€10 B €10 €10 [HA]
-pK, = -pH + log AT
[HA]
pH = pK, +log,, [A] Henderson-Hasselbalch
¢ [HA] Equation
mgqrqmm!]uﬁﬁh

pH=4 m: Vol. 164mL of 0.1M acetic acid &Vol. 36mL of 0.1M sodium
acetate «

gems VOI. 23.65mL of 0.2M NaOH with 50 mL of 0.2M KH,PO,,
nindieit 200mL rgn{mm!]'m

pH=10 wm4.47g Sodium tetraborate(Na,B,0;) & 183mL :0.10M NaOH

§1‘anmfmm 1L RgAIHIRg

https://www.pharmaqguideline.com/2010/09/preparation-of-buffer-
solutions.html#gsc.tab=0
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Biological Uses

In biological systems (saliva, stomach, and blood) it is essential that
the pH stays ‘constant’ in order for any processes to work properly.
e.g. If the pH of blood varies by 0.5 it can lead to unconsciousness and coma.

Most enzymes work best at particular pH values.

Other Uses Many household and cosmetic products need to control their pH values.
Shampoo  Buffer solutions counteract the alkalinity of the soap and prevent irritation
Eaby lotion Buffer solutions maintain a pH of about 6 to prevent bacteria multiplying

Others Washing powder, eye drops, fizzy lemonade
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Calculation of pH of strong acids and bases

pH= -log[H"] pOH= -log[OH1] pH + pOH = 14

0.01 M HCI ' 0.1 M NaOH

Calculate the pH of a Strong Acid Solution

Suppose a 0.05 M HI solution is prepared.
What is the pH of this solution?
(HI is a strong acid.)

Hl(aq) + H,O0() — H30%*(aq) + I (aq)
(o) 0.05 M 0.05 M

After
dissolution

\\/ ~1 1 1o Fl 1 ALY Il A AEY . 4 2N

Table 6-1. pH Formula Summary

Remaining
Species
Strong
Acid
Weak
Acid
Strong
Base
Weak
Base
Weak Acid

& Weak pH = pKa + log (mmol base / mmol acid)
Base

Formulas

[H3O] = [SA] pH = -log[H:07]

[H30"] = (KaX Cya)'? pH = -log[Hs;07]

[OH] = [SB] pOH = -log[OH]] pH = 14 — pOH

Ko=Ky/Ka [OH]=(KoX ) pOH =-log[OH] pH = 14 - pOH
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Weak acids
Weak acids (pk, iz positive) dizzolve hardly at all in water:
HA + H 022 A + Hy0'

initially:  [HA] 0 0
fimally:  [HA] [A7]  [Hs0']

[HAlgipa = [HALuitia and [A7] = [H307]

K =[O [Hy0*]%
[HA] [HA]

pH = -log[H30%] = -log|K,[HA]

Chemical Equations

1) Weak acid HA dissociation

[H™][4]

. K =
2) Conjugate base reaction with water
_ HAOH™ ]
A +H,0 = HA+ OH |M= 7

3) Water autoionization

H.,O == H +0H K =/H"JJOH ]J=1x10"
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pH Weak Acid (11)

3g of benzoic acid (M =122) are dissolved in 100cm? of pure water.

Calculate the pH of the resulting solution. ATEY
K,=6.31 x 10> mol dm"3 K. = (HA]
For a weak acid, assume [HA] initial= [HA] at equilibrium Weak _Acid :[H |=[A"]
and assume [H*]=[A"] at equnllbrlum i >
| Benzoic _acid] = 122 02459 A :
100 [H']" =[HA|x K,

l()()()
[H*]= J[HA]xK
[,)H=-1og(,/HAJxK pH= 2.405 3 TS

Table 6-1. pH Formula Summary

Remaining
Species
Strong
Acid
Weak
Acid
Strong
Base
Weak
Base
Weak Acid
& Weak pH = pKa + log (mmol base / mmol acid)

Base

Formulas

[H:0] = [SA] pH = -log[H,07]

[H:07] = (KaX Cua)" pH = -log[H:07]

[OH] = [SB] pOH = -log[OH] oH = 14 - pOH

Ko=Ky/Ki  [OH]= (KoX Go)®  pOH =-log[OH] pH =14 - pOH
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sngain-me(AcCids- Bases Titrations)

Swulnamaymugmenimaivume sfildfiniwanisanimadeana(mnrsiamn) snwyfvimanisanimameanai(ahmy spmnnin
~ £ 1 n 1 n 2]

t‘[ﬁﬁamﬁﬁﬁ N mLmﬁﬁnnﬁfinnﬁmﬁﬁnﬁ
n 1 Sl; 1 v
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(2} (2} (2}
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8 10
g/mSﬁLﬁﬁﬁgggmsqﬁﬁmgg.gg%
E/m‘{mnghﬁ?mmm
1
m/mm:mmguﬁﬁ
1
¢/[AnymuEINywm AU
~ 6 u 1 G
/] (mi’jﬁ1 OOg/moI 1gfiel

9/ AiYRIYIY]

a|. N32CO3, N32C2042H20, KHC8H404(KHP), KMnO4 .....
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Some Important Acid/Base Indicators

Common Name Transition Range, pH  pK*  Color Change' Indicator Type'
Thymol blue 1.2-2.8 1.65§ R-Y 1
8.0-9.6 B.96§ Y-B
Methyl yellow 2.9-4.0 R-Y 2
Methyl orange 3.1-4.4 3.46§ R-0O 2
Bromocresol green 3.8-5.4 4.66§ Y-B 1
Methyl red 4.2-63 5.00§ R-Y 2
Bromocresol purple 5.2-6.8 6.12§ Y-P 1
Bromothymol blue 6.2-7.6 7.10% Y-B 1
Phenol red 6.8-8.4 7.81§ Y-R 1
Cresol purple 7.6-9.2 Y-P 1
Phenolphthalein 8.3-10.0 C-R 1
Thymolphthalein 9.3-10.5 C-B 1
Alizarin yellow GG 10-12 C-Y 2

*At ionic strength of 0.1.

'B = blue; C = colorless; O = orange; P = purple; R = red; Y = yellow.

1) Acid type: Hln + H,0 = Hy0" + In~; (2) Base type: In + H;O0 = InH* + OH"
%For the reaction InH* + H;0=H,0" + In
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HIMAYHAA-T
HIMAYMAES) hhywnag i hiirgand
291. HCl + NaOH NaCl + H,0

AnHmAYis:ioAiommhinusg

k)
olo

>YSEANTBY M NWARHAA( pH<7.00)

P P
1TV

= MWEANCABY MAMWATRNA ( pH>7.00)

Generate the hypothetical titration curve for the titration of 50.00 mll

-

0.0500 M HCl with 0.1000 M NaOH at 25°C.

Changes in pH during the Titration of a Strong Acid with a Strong Base

pH
50.00 mL of 0.0500 M 50.00 mL of 0.000500 M
Yolume of NaOH, mL HCl with 0.100 M NaOH  HCI with 0.00100 M NaOH

0.00 1.30 3.30
10.00 1.60 3.60
20.00 2.15 4.15
24,00 2.87 4.87
24.90 3.87 5.87
25.00 7.00 7.00
25.10 10.12 8.12
26.00 11.12 9.12

30.0: 11.80 9.80
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12,00

1000

8.00

==

z e
4.00
2.00

000

0.00 500

Phenolphthalein
transition range

U

Bromothymol blue
transition range =

Bromocresol green
transition range

~
...-"'"J

—
-
— e — —

10.00 1500 20,00 25,00 30,00
Yolume of MaOH, mL

Figure 14-3 Titration curves for HCI
with MaOH. Curve A: 50.00 mL of
0.0500 M HCI with 0.1000 M NaOH.
Curve 8: 50.00 mL of 0.000500 M HCI
with 0.00100 b MaOH.

HIMAYSANH AN WY W NN
29). CH,COOH + NaOH —— CH,COONA + H,0

9

MH{MAYIS:IGAT

=403

9/4SUISEH{MA

oen

lEJ/BjSﬁﬂﬁGﬁJHEgﬂJ
MASIG]GBYN MY

GAMWEANTRYY ey

=
0o
olo

S A

USHUSSNIA

h"m ) @
a0y Uk ( 1fasdmi Hend

WAITAA

P EY TR O EU TN L

NWRTAM A (pH>12)

8 W AR AI RN U (pH<7.00)

8.0<pH<9.0)

erson)

Henderson Hasselbalch Equation

te b
pH=pK. + log % (for weak acid)

[conjugate acid]
[weak base]

pOH= pKy + log (for weak base)
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TABLE 14-3
Changes in pH during the Titration of a Weak Acid with a Strong Base
pH
50.00 mL of 0.1000 M 50.00 mL of 0.001000 M
HOAc with 0.1000 M HOAc with 0.001000 M
Volume of NaOH, mL NaOH MNaOH
0.0 2.88 g
1.0 4.15 4.30
25.00 4.76 4.80
40.00 5.36 5.38
49.00 6.45 6.46
49.90 7.46 7.47
50.00 B.73 573
50.10 10.00 8.09
51.00 11.00 9.00
60.00 11.96 9.96
T0.00 12.22 10.25
tgpmanimny
12
10
_ Figure 14-5 Curve for the titration
. Phenolphthalein -~ of acetic acid with sodium hydroxide.

Curve A: 0.1000 M acid with
0.1000 M base. Curve B: 0.001000 M
acid with 0.001000 M base.

iramsifion/range

T . Bromothymol blue
transition range

Bromocresol green
fransifion range

0 10 0 30 40 50 (00
Volume of NaOH., mL
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Martin 8. Silb g. Chemiatry: The Molecular Nature of Matter and Change. 2 Edition. Copyright £ The McGraw-Hill Companies. Inc. All rights reserved.
Weak cid_ Titration of 40.00 mL of 0.1000 M HPr

with 0.1000 M NaOH
Strong Base '~

Titration i |
Curve -

]

10 Pher‘_lolpht‘halein
N \
= | pK,of HPr = 4.89
6- : pH=8.80 at
- equivalence point
4 —

Methyl red

Strong acid-strong base curve

| | | | | | | |
10 20 30 40 50 60 70 80

Valiime nf NaOH added (ml )
5519&1?5%5%53&81&559@@55@1%5@555@&?&518
wi ¥ 2 F2] LY

an. NH; + HCI ~ —NH,CI

r‘jﬁﬁLmﬁgis:{ﬁﬁmmmgs&ﬁégma@%

E)/thﬁf‘s\Hh‘;&m(HCD mh;n;mmtjﬁmm@m(NHQ
B/ystgunuym mh;ﬂ{tﬁﬁjl]’hﬁf'{h( yfime Henderson)
m/igibansuvyn mﬁgn.gmm!]amr{’gmqpm (N H4C|)
¢/ymuwiaNGuYYN ﬁmgnj;mmqhmh‘jﬁgﬁh(HCl)

s :aangmagesmiudapns( M R) thamasniang
4" ~b 2] 1 i—i
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Equivaletice
Poind

Wolume of HCl (mL)
wna HCI msﬁgﬁ(mL)

Martin S. Silberberg, Chemistry: The Molecular Nature of Matter and Change. 24 Edition. Copyright & The McGraw-Hill Companies. Inc. All rights reserved.

\é\ieak st.ed_ N Titration o\L sg.gg :)no% cx; ?12; (I)oo M NH;
rong Aci

Titration 12 (NH,=INH,

Curve

104 Phenolphthalein
e = "ﬂlOn /
pK,of NH, =9.25 -
6 — { e |
.1
4. ~——Methyl red
Ph =5.27 at (' 3
equivalence : ,
2+ point
0 | | |

| T 1 T |
10 20 30 40 50 60 70 80

Volume of HCI added (mL)
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TITRATION OF A WEAK BASE WITH A STRONG ACID

Titration of weak base B with strong acid H*
B+H"— BH*

11

Initial point
B+ H,0 = BH"+ OH"
F-x X X

x2

F=x "
( Buffer region
pH =pK, + log (Bl
: (BH']

Equivalence point
3l BH" = B+ H"

F'-x X X

Excess H'
pH =—log [H']

x2

0 10 20 30 40 50 60
Volume of acid added (V)

» Where is the equivalsnce point?

HLmﬁﬁfin‘}mﬁ?ﬁmﬁmmmeﬁﬁ
~ Y 1 P (o]

ﬁﬂ?mﬁﬁ:ﬁmﬁ(HzA) rﬁmn% H2C03,H2803, H2C204 st, H3PO4 .....

mﬁm:ﬁtm ms

(T4 HLA INGHIAIHHTS:

H-A + NaOH ——»NaHA + H-0
NaHA + NaOH —»NaZA + H,O

WG A + HO S 0 H0 + HA® Ky
HA" + H:0 S5  HO + AY Ko
10 NaHA MISREAN:G RIMHL AR Smmunt (aninadnio) |
NaHA ——» Na'(aq) + HA" (aq)
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HUS 4 BiSﬁLﬁWﬁg I
fUS (Region) FAT] U major constituents) | MIUTHATHIIEISIG]H (comment)

o

9- HRUIS BRI JHH]M

L L

H;A

ARt Al JHHEI STg Nt

- 181566 ELEe

H;A + NaHA

DEJRIAI R (Buffer solution)

] e N - LIRT

m- 1gigsRLYNE o aHA DINIEIGH GRS Amphiprotic
Substance

o g " - N - o - .

G-HIgIESEIYYNE 9 & B NaHA = Nad NEgRItIa)HETH (Buffer solution)
2 = Ny
E-1SIGSENE YIS B N LIRIAT IR JHTAIIZ Pt
o ol N - N o
9- 1MWESBH Y TSR A~ NaOH LRIRI IR HINAIET ( NaOH)
tgpmanimny

I n
H.'0 HPO,

Volume NaOH, mL
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| Aymnyllmumytumnes |
ﬁﬂ}mmgﬁmﬁNapc.:Oq, N89C9O4, Naps, NaqPOq
mﬁmmLmﬁg Na:A + HCl ———» NaHA + Nadl
NaHA + HCl — H.A + NaCl
fugeinnisuimny
fugd mitjsun miEmmnmmngigiy

Eﬂz.—l

9- EUIgURNWAHH{M CIRIFY AL JHTAITZ]1ED

NaA + NaHA

B- 1815866 HELEe DIRIAIIAT]HATH (Buffer solution)

[ = N - o n . -
M- 1SIHSEIHYG © HA LIANIEE RS Amphiprotic
Substance
o b -\_' £ Fa ~ a =
c-mignigunuyms ok b | oo T mamtejadts
e-igitguaE G b Had IRt R g
2 - = H;A +HC1 3o = el
- I{MWEgEHEELEEH DAIRItIAT AT 6214 ( HCD)
tgpman]mAy
PR+ ph
) PRy P
H,CO, —:'_
HC
0 .\“‘ |"’
g 6 \ '/
= | |
; )4 (‘
£ /
| = J
] -+ £ 5 | "

JUTSIMHHNAY 20.00mL 18 0.200M Na,CO; T 0.200M HCI
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finmi
9-25.00mL MEIAMHIS 0.103M Ba(OH), [HiMSH[MMEI0.188M HCIO; 1 GIHANSIA iy
pH?aﬁ;n;immqﬂﬁgwﬁﬁmiﬁgﬁn;rqmmqﬁﬁtm 15.60 ; 27.40 §138.10mL
- Z58 (9) L‘Eﬂﬂ'%ngiﬁnﬂﬁ Ba(OH), 151111 0.250M 1
M- MARIAM# 0.100M HCI AMSH[MINGL 0.100M NaOH 1 GIHANMA iR pH Husiigi:
mmmmsrgmmmljﬁmmmgﬁgﬁ 95% : 100% 511 105% 18UIZISIGEERLYR 1

G- RINUH{MAY 20.00mL i80.1026M NaOH Mt 0.0947M HCl 1 GIHANSE iR pH

BIMIVIgBRINA JHH]M

10.00mL YREIERIHYN

- 1gI6gERIEYR
- ID.{}DmLIL‘FT"IUjﬁSIEEﬁH'gm
Afuusdannr Shupmny
wnuamnannfinme?

Precipitation Reactions

Precipitate — insoluble solid that separates from solution

precipitate

Pb(NO,), (aq) + 2Nal (agq) — PDbl, (s) + 2NaNO, (aq)

molecular equation

-  Pb2* + 2NO, + 2N&* + 2| — Pbl, (s) + 2N&" + 2NO;

ionic equation

Pbr# 2k —= PhLS)
net ionic equation

Na* and NO, are spectator ions
4.2
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AgCl (s) «~— Ag” (aq) + CI" (aq)

Ksp = [AG][CIT]
MgF, (s) ——= Mg?* (aq) + 2F" (aq)
Ag,CO; (s) —= 2Ag" (aq) + CO4*" (aq)
Ca,4(PO,), (s) —— 3Ca?* (aq) + 2PO,* (aq)

matan m‘is:ﬁmﬁﬁﬁrﬁmﬁmmmmﬁ gn
2] 1 11 4,‘ F7N | 3

K sp Wit R ANATERIAN I

Ksp = [Mg=1[F T2
Ksp = [AG*P[CO5%]
Ksp = [C82+]3[PO43']2

< wagnEsign eI
Q <K, |
Q=K PRELIEEY
Sp !
> st nL) A finiBiifame
Q>K,, |
nLénmnmmi;m(mOVL) AmGgedniemainn meian iy 1L inagnstngpiinn
nLﬁmnnm(g/L)ﬁmﬁgsLﬁwﬁsmq:nﬂtﬁmsmmﬁga‘ﬁ 1 L%smgn;tﬁmjaigm
fsian e AreaIme nEmiAnwmnieatnaime fitmtiemas
fnsngjn Kspinmmmmq
i Molar Concentrations
Solubility of z K, of
e 5 e sp
compound — solubility of — of cations — compound
compound and anions
fitmtiamga nrEsian e Entanmam e nunianasie s sIme
Kspinmmmmq iumt;h;u
. Concentrations Molar SR
Ksp of i of cations —>  solubility of & —> Solybilinyel
compound p compound
and anions compound
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AgCl (s) == Ag* (aq) + CI" (aq) K, = 1.6 x 10°10

ntie(l) (M = * )
) (M) 000 000 k_ =[Ag"Cl]
wign(C) (M) +S +S KSp =32
sas(E) (M) S S S =\Ksp
s=1.3x10°

[Ag]=1.3x105M [CH=1.3x105M

o _  1.3x10%melAgCl 143.35g AgCl
agaanaris AQCI = — -3
i g TLsoln X 1 LAGCT 1.9x 107 g/L

16.6

< If 2.00 mL of 0.200 M NaOH are added to 1.00 L of
0.100 M CacCl,, will a precipitate form?

The ions present in solution are Na*, OH", Ca?*, CI-.
Only possible precipitate is Ca(OH), (solubility rules).
Is Q > K, for Ca(OH),?

[Ca2],=0.100 M  [OH],=4.0 x 10 M
Q = [Ca?*],JOH]2 = 0.10 x (4.0 x 104)2 = 1.6 x 108
Ko = [Ca2*][OH]2 = 8.0 x 10

Q <K, No precipitate will form

16.6
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What concentration of Ag is required to precipitate ONLY
AgBr in a solution that contains both Br-and Cl-at a
concentration of 0.02 M?

AgBr (s) ——= Ag* (aq) + Br (aq) Ksp =77x1013
Ksp = [AgQ™][Br]

o Ky _7.7x1071
A'T= 157~ T 0.020

=3.9x101" M

AgCl (s) <= Ag"* (aq) + Cl" (aq) K, = 1.6 x 10-"°
Ksp = [AG*]ICI]

Ksp _ 1.6 x10°1

[CI] 0.020

[Ag'] = =8.0x10°M

3.9 x 10" M < [Ag*] < 8.0 x 109 M

16.7

The Common lon Effect and Solubility

The presence of a common ion decreases
the solubility of the salt.

§ What is the molar solubility of AgBr in (a) pure water
and (b) 0.0010 M NaBr?

NaBr (s) —— Na* (aq) + Br™ (aq)
AgBr (s) — Ag” (aa) * Br (aa) g1 =0.0010 M

_ 13 s
ng ] ;'7 x 10 AgBr (s) —— Ag* (aq) +(aQ)
=K, [Ag'] = §

= 8.8x 107 [Br] = 0.0010 + s ~ 0.0010

Kep =0.0010 x

.
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pH and Solubility

The presence of a common ion decreases the solubility.
Insoluble bases dissolve in acidic solutions
Insoluble acids dissolve in basic solutions

reattulve
Mg(OH), (s) ——= Mg?* (aq) + 20H" (aq)

At pH less than 10.45
Ksp = [Mg?*][OHT]? = 1.2 x 10"

Lower [OH"]
Kep = (S)(28)? = 4s° )
4s3=1.2 x 101" OH- (ag) + H* (aq) — H,0 ()
s=14x104 M Increase solubility of Mg(OH),
[OH]=25s=2.8x10% M At pH greater than 10.45
pOH = 3.55 pH=10.45 Raise [OH]
16.9 Decrease solubility of Mg(OH),

Complex lon Equilibria and Solubility

A complex ion is an ion containing a central metal cation
bonded to one or more molecules or ions.

Co2* (aq) + 4CI- (ag) —— CoClI5 (aq)

The formation constant or stability constant (K;) is the
equilibrium constant for the complex ion formation.

K = [CoCIﬁ'!
Co(H,0)2*  CoCI [Co*ICI}
e () .
E A Ay

16.10
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Separation of Cations into Groups According to Their Precipitation Reactions

[Rwn 199 with Various Reagents
Group Cation Precipitating Reagents Insoluble Compound Ksp
1 Ag" HCI AgCl 1.6 x 107"
Hg3* Hg,Cls 35:%: 107"
Pb** PbCl, 24 %107
2 Bi'* H,S Bi»S+ 1.6 X107
cd*t in acidic Cds 8.0x 107
cut solutions CuS 6.0 X 10~
He " HeS 40%x 107
Sn”* SnS 1.0 X 1077
3 AP H,S AI(OH); 1:8:% 10~
Co** in basic CoS 40 x 107%
cPt solutions Cr(OH): 30X 107
Fe’* FeS 6.0 x 107"
Mn”* MnS 30x 107"
Ni* NiS 14X 107
Zn** i ZnS 3.0 107
4 Ba** Na,CO; BaCO; 8.1:%:10~*
Catt CaCoO; 8756102
St !} SrCO;, 1.6 X 1077
5 K* No precipitating None 16.11
Na* reagent None
Solution containing ions
of all cation groups
|+HCl - Group 1 precipitates
¢ Filtration AgCl, Hg,Cl,, PbCl,
" Solution containing ions
| of remaining groups
| +H,S ", Group 2 precipitates
i Filtration CuS, CdS, HgS, SnS, Bi,S;

Qualitative
Analysis of
Cations

| ; AT
- Solution containing ions
of remaining groups

| +NaOH

Group 3 precipitates
> CoS, FeS, MnS, NiS

* Filtration

| ; ST |
Solution containing ions
of remaining groups

.

| +Na,cO,

ZnS, AI(OH);, Cr(OH);

Group 4 precipitates

i Filtration

Solution contains
Na*, K*, NH] ions

BaCO;, CaCO3, SrCO4

16.11
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Balancing simp]e redox reactions

Cufs) + Ag'(aq) . Ags) + C¥'(aq)
A_ A

Step 1: Pick out similar species from the equation
Cu(s) > Cu?'(aq)

Ag "(aq) >~ Ag(S)
Step 2: Balance the equations individually for
charges and number of atoms
Cu’(S) > Cu?'(aq) + 2e
Ag(aq)+e > Ag (S)
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Balancing simple redox reactions
Cu’(S) > Cu?'(aq) +2¢e

Cu’(S) becomes Cu " (aq) by loosing 2 electrons.
So Cu(S) getting oxidized to Cu?*(aq) is the
oxidizing half reaction.

Ag'(aq) te > Ag (S)
Ag*(aq) becomes Ag Y (S) by gaining 1 electron.
So Ag'(aq) getting reduced to Ag (S) 1s the
reducing half reaction.

LEO-GER

Balancing simple redox reactions

Final Balancing act:
Making the number of electrons equal in both

half reactions
[Cu¥(S) > Cu?(aq)+2¢e] x 1
[Ag“(aq) + & ~ Ag(S)]x 2
So we have,
Cu’(S) > Cu?*(aq)+2¢

2Ag *(aq) + 2¢ > 2Ag (S)
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Balancing simple redox reactions

Cu’(S) > Cu?'(aq) +2¢e
2Ag "(aq) + 2¢ > 2Ag (S)
Cu’(S) + 2Ag/(aq)—!%c——>
Cu2(aq)+ 2Ag (S) + ;,é
Cu’(S) +2Ag *(aq) > Cu®"(aq)+2Ag (S)

Number of es involved in the overall reaction is 2

Balancing com% redox reactions

e I
Fe*(aq) + Mrgfh‘(aq) —>Mg+2(aq) + Fe™(aq)

Oxidizing half:
Fet?(aq) —— Fe™(aq) + 1le
Reducing half:
MnO, (aq) — Mn**(aq)

Balancing atoms:

Balancing

OXygens: MnO,(ag)+ — Mn**(aq) + 4H,0
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Balancing complex redox reactions
Balancing hydrogens:

Reaction happening in an acidic medium

/
Oxidation
numbers: Mn = +7,
0=-2 Mn = +2

Balancing electrons:

The left side of the equation has 5 less electrons than the right side

MnO,(agq)+8H*+ 5¢- —— Mn™*(aq) + 4H,0
Reducing Half

Balancing complex redox reactions

Final Balancing act:

Making the number of electrons equal in both half reactions

[Fet?’(ag) —— Fe™(aq) + le |x5
[MnO,(aq)+8H*+ 5 —— Mn*?(aq) + 4H,0]x1

SFet?’(ag) —— SFe*3(ag) + 5e
MnO,(aq)+8H*+ 5¢ec —— Mn*?*(aq) + 4H,0

5Fe*+MnO, (aq)+8H"+ 7o —
SFe** +Mn*?*(aq) + 4H,0 + 5é
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Balancing complex redox reactions

SFe?*+MnO,(aq)+8H*—— 5SFe’* +Mn*?(aq) + 4H,0

5 Fe ?* ions are oxidized by 1 MnO, ion to 5 Fe3*

ions. Conversely 1 MnO," is reduced by 5 Fe?* ions
to Mn?",

If we talk in terms of moles:

5 moles of Fe ** ions are oxidized by 1mole of

MnQO, ions to 5 moles of Fe** ions. Conversely

1 mole of MnO, 10ns 1s reduced by 5 moles of
Fe’" ions to 1 mole of Mn?* ions.

Conclusion from the balanced
chemical equation

For one mole of MnO," to completely react
With Fe?*, you will need 5 moles of Fe?" ions.
So 1f the moles of MnO,~ used up 1n the reaction
is known, then the moles of Fe?" involved in the
reaction will be 5 times the moles of MnO,’

Mathematically written:
Moles of Fe* =5x[moles of MnQ, ]
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How does this relationship concern our experiment?

Titration of unknown sample of Iron Vs KMnO,:

The unknown sample of iron contains, iron in Fe?*
oxidation state. So we are basically doing a redox
titration of Fe?" Vs KMnO,

SFe**+MnO, (aq)+8H*— SFe** +Mn*?(aq) + 4H,0

Moles of Fe* =5x[molesof MnQ, ]

v

1nitial :
Vﬁnal_ Vi Vused (11’1 mL)

nital:

KMnO, Important requn.'ement:
The concentration of

Viinal KMnQO, should be
known precisely.

End point:
Pale Permanent
ink color

V., (in mL)>< 1L
1 1000mL

VKMnO4 Used (In L) —
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Moles of MnO, = Molarity of MnO, xV ,(inL)

KMnQOg4 Use

Moles of Fe* =5x[moles of MnQ, ]

55.85 g of Fe*

e of Fer x moles of Fe™
mole of Fe

Grams of Fe® =

gramsof Fe™
massof sampleingrams

% Feinsample = x100%

Problem with KMnQO,

Unfortunately, the permanganate solution,
once prepared, begins to decompose by the
following reaction:

4 MnO,(aq) +2 H,O(I) = 4 MnO,(s) + 3 O,(g) + 4 OH-(aq
So we need another solution whose concentration

1s precisely known to be able to find the precise
concentration of KMnO, solution.
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Titration of Oxalic acid Vs KMnO,

!

Primary Secondary
standard standard

16 H*(agq) + 2 MnO,(aq) + 5 C,0,%(aq) > 2 Mn*3(aq) +
10 CO,(9)
+ 8 H,O(l)

5 C,0,% ions are oxidized by 2 MnQO, ions to 10 CO,
molecules. Conversely 2 MnO," is reduced by 5 C,0,*
ions to 2Mn?* ions.

Titration of Oxalic acid Vs KMnO,

16 H*(ag) + 2 MnO,(aq) + 5 C,0,%(ag) =22 Mn*?*(aq)
+10CO,(g) + 8 H,O(l)

If we talk in terms of moles:

5 moles of C,0,* ions are oxidized by 2 moles MnO,
ions to 10 moles of CO, molecules. Conversely 2 moles
of MnO," is reduced by 5 moles of C,0,> ions to
2 moles of Mn?" ions.
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Conclusion from the balanced
chemical equation

For 5 moles of C,O,% ions to be completely oxidized
by MnO, we will need 2 moles of MnO," 10ns.
Conversely for 2 moles of MnO," to be completely
reduced by C,0,%, we will need 5 moles of C,0,% ions

5 Moles of C.O,” =2 molesof MnO,”

1 Moles of C,0,” = %x moles of MnO,”

V.

1nitial :
Vﬁnal V used (ln mL]

mtal

KMnO Important requu.'ement:
The concentration of

Viinal KMnQO, should be
known precisely.

End point:
Pale Permanent
ink color

0.15 g OXALIC ACID
+ 100 mL of 0.9 M (ln L)_ used(ln mL) lL

H,SO, Heated to 80°C KMnO Used 1 1 000mL
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Weight of oxalic acid(in g)
Mol Wt of Oxalic amd(/nol)

Moles of C.O,” =

mol MnQO, = 2mol MnO42 x Moles of Ox x

5molC.O,

ImolC,0,”
1mol Na,C .0,

mol MnO,
VKMnO4Used (I n L)

[MnO, ]=

H{MAY. Fe?* + Ce%* —Fe3 + Ce*

n(E°s -E%)
logkeq =
0.0592
n AE 1(1.61-0.77) = Keq™> miphngsog
logk, = = =142
0.0592 0.0592
Keq = 2x10
RUS AT UHTMAY,
v mELjIea TEMIHTHn

T = I+
Fe”™ _Fe™ (Ce

9 - HRGAGH YR LU ARAMAUUR -Fe

3T g
Fe'" . Ce

- 1slS B BEU I EIE T L

Fe'  Fe _C.EM-

M- [ EABEH HDENARMATTH -Ce
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 Recall, in general:
AG = AG® + RTIn(Q)

» However: E=E° _|. 1 [Ox]
AG = -nFE,_, nk [Red]
-nFE ., = -nFE° ; + RTIn(Q)
E .  =E°. - (RT/nF)In(Q)
E .  =E°.; - (0.0591/n)log(Q)
. The Nernst Equation
Gahlagugsbanomeygns  popse o 0092, FD
N [Feo]
aniaguisiosomsyy B, - "afa el
n, +mn,
0.0592 (e

Gadiagumuwianc sy Eem et - ™ log
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. 0.0592 Product
Epe = E'pee - l Lo

n " [Reactant]
X 0.0592 1
En"m: = E L/ 3 I 10 T
- 0.0592 ’
E.u“ Al 8 am T 3 log [AI :|

Example of Nernst Equation

- po . RT
E=E - 2@

Q. Determine the potential of a Daniels cell with

[Zn]=0.5M and [Cu2*]=2.0M; Ec=1.10 V

A. Zn/zZm (0.5M) # Cu?+ (2.0 M)/ Cu

[2n?+]

Zn(s) + Cu?*(aq) — Zn?*(aq) + Cu(s) =
[Cu*]

E=1.10 -(0.0257) In ( [ZnZ+]}[CuZ+])
2

E =110 - (0.018) = 1118V

NHR NG AT A [ H BN MaO,” Bi{U INTH]N Fe* 1 08 MIunng HmE:
) MnOy + SH S Mo~ + 5Fe’” +4H,0

502 2
_ 00592 [Fe¥]

Ere =E° pes+/Fe2+ N g (Fo™ ]

'o o 0 0 -
Qﬁﬁiﬁj‘j mi@ﬁmaﬁqum E — HFGE.Fﬁ + n_-’lf?f'E_Hu _102 GGSQJ. ]_

g 5
Mg, + My, Mg, + Wy [H']

"o ° 2+
Jadtjuistiymuwsano vy ]

= E°yaos aa - — 0.0592 log
E= Eheotha [MnO; J[H' T

MBIt A IBFIRUANG:

[Fe*]=5[Mn®] BH [Fe*]=5[MnO,]
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MM MNNLS [H R TMEEIIANIHR
-~
Cpl2)
= - E* (V)
HREWEGARN bEngany | bdny
Tris (2.2 -bapynids heni 2o 1.29
nis (2.2 -bipyndne) ruthentum (1D CIRIn 1T

Tris(1.10-phenentroline) iron (II) {2 ji—, Lﬂf [ s 1.11
Diphenylaminesulfonic acid - 083

[NBaNG | E8ann
Diphenylamin = 0.76

ey e ATt Hsnnn
Methylene blue i J ; e i 0.53
Indigotetrasulfonate % 5 J 3 a0 ofi 0.36
Ph frani = 0.28

cnosarranine LﬁmH ah]ﬂﬂﬂ_ﬂ

nonNn
&

9 -wNw A MM HinEHMAMe i nsmaiEk §jisiha it H i ghgwakn Fe i8]

pH-2 1 ryRItT R RTE A (MBI UGG i 0.7417¢ iBeiieoianag BuEimi 30.16mL AJRIEIAT]

GiMA] 8 10 SHMAM AR NTH N8 1 SIRANMAUNGL S5 8RR

I’_T_'ifl]'_]ﬁ'[] 'iﬂfuJ siOgHMmLmE 4
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86.  mIMUiswNjuE EisinERGamEHinetanGunn gt
AR hUmajsinisimimaitunsiuihnyieghe
MY EMIgWI MY :

2MnOy” + 5H0, + 6H" — 50, + 2Mn”" + 8H,0
[URS TR G MIEING36,44mL ISRIAIIEH KMnO, 0,01652M REjik#ndRY

RIOMEHW 25,00 mL 8RNI H0, GIRANMYTitATsR Ay H0; |

88.  HIWUHHRAIWUS (H,C,0,) HIIGWISHHIAMG Suuigii(ss 1 passTnginmg
240 mL i8gUERgH KMnO; 0,0100 M REiGHmMMEw 1,00 ¢ 18 H.C0,
iGIRAEEEER IRMAINEINIS 0.0, famRdimmgshime? wim

AR

2MnO, + 16H™ + 5C,0,5 — 2Mn*" + 10CO, + 8H,0

B8 1
(9]

1) Cypr0n.= 0.0882M
86) 0.06M

88) 5.4%
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TEraticn of 130,00 mL of 0100 M Fals
waith O 100 M Celss

1.8
17—
1.8
1.6 e
1 4 T Edjis el peoal
== 1.3+ [Cet+] = [Case]

-
L
]

14— K\\ E=1.67"%

Eqjuess bErssa prodrd
E=1.1&"%W

‘H‘- HaH-E fpersalair-a> pecaasl

Electrode Potentia
]

a—

:_

vl [FaZ+] = [Fe3+]

HE = =077 %W

E_

-

i | T L 1 i 1
= 1M 18] M ==

Wl ol hbrant {rml ]

https://www.youtube.com/watch?v=WgTJpS8icQqg
https://www.youtube.com/watch?v=EQJf8Gb8pg4

Video redox titration



snAnTenNwRESAINM AGTIUARYIAAN AU SABAUTMUER
gimignfwH wantiiguias + apniinymistidian: gl

https://www.youtube.com/watch?v=0rxS1BWI800
Complex Titrations

S

U

P

o ol o
FUSWUIRER
N 1
L1600 iRAME (Hemoglobin) RMAMBILKIEY Griglibnhisana: nngjiise
12117t1 (jeans) NN (Chlorophyll) 1MBA B-12 BUMAM AN [UANUIGY W1HGIG[RMIGHHMN
SELIE D R EE fﬂmgmmzﬁnjﬁ?ﬁtmﬁmnﬁﬁmﬂlﬁm@ HUIEIANLN: 4

ag1nInn: NRENHWEAR G511 [AgNH:),]" . [Co@H:)]™ . [Fe(CN)el™. ..

AANALBIARIG RN UIA SREAN:

9- CIHHTHI GHI R HSAED SRR HG B IusH R Een g 4

0- CIEIHANN:Y MHEINnTeSnMET NS NTHG s g mmtha gsnH gt
(Coordinate) THUI[H{UFN 9 HLMANN: BH Emmm:qmﬁgmmﬁmmng’iﬁtmagmﬁj‘ﬁﬂ

Mg
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Types of Coordination Complexes

o Cationic complexes: In this co-ordination sphere is a cation. Example: [Co(NH3)6]CI3
o Anionic complexes: In this co-ordination sphere is Anion. Example: K4[Fe(CH)6]
o Neutral Complexes: In this co-ordination sphere is neither cation or anion. Example:

[Ni(CO)4]

o Homoleptic complex: The complex consist of a similar type of ligands. Example:
K4[Fe(CN)6]

o Heteroleptic complexes: These consists of different types of ligands. Example:
[Co(NH3)5CI1SO4

o Mononuclear complexes: In this co-ordination sphere has single transition metal ion.
Example: K4[Fe(CN)o]

o Polynuclear complexes: More than one transition metal ion is present. Example:

! 2 T O T (S A
Hl 2 A 4A SA oA 7a | He
3 5 6 7 B L 10
Li | Be B | c | N|O]|F | N
11 12 o 13 14 15 16 17 15
10405 6 7 8 9 W 112
Na A | s [P | s | a | ar
Mg | 33 4 sSsB 6B TB [—8B—— IB IB
15 0 21 12 3 24 25 26 7 IE bl i u 1 13 M 15 14
K Ca Sc Ti v Cr Mn Fe Co i Cu n Gza Ge As Se Br Kr
7 38 ) 40 41 41 43 H 45 ds 47 45 49 50 51 52 33 ]
Rb | St | Y | Zr | Nb | Mo | Te | Ru | Rh | Pd | Ag | €d | In | Sn | Sb | Te | 1 | Xe
55 56 57 12 73 4 5 76 7 T8 ™ B0 Bl B2 B3 B4 ES BG
Cs | Ba | La | Hf | Ta | W | Re [ Os | Ir | Pt | Au | Hg | T | Pb | Bi | Po | At | Rm
BT BE Be 14 105 106 107 108 e 110 111 112 113 114 115 114 (117} 118
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg

Figure 22.1 The fransition mefaks (biue squares). Note that atthough the Group 28 elements (Fn, Od, Hg) are described as fransition
matais by some chamisis, nathar the metals nor thair ions possass ncompiotely Med O subshals.
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B1B3 (Nomenclature)

ISTINUTUTITALN S B I R HI S M SR ATUTIMGRE SH N

1R . Htﬁﬁﬁﬁﬁ IUﬂmIﬂ EUnﬁHS(”WUEULﬂUH% Igg‘hﬂ”ﬁﬁ) SHUIUHA
iEUfI mnammn Uﬁtﬁﬁ“luﬂmm Hagiinuliuy 1[iﬁ3nﬁjﬁﬁﬁﬁsmnﬁnﬁ

IUHSQU“I

Table 1. Names of Some Common Ligands

Anionic Ligands | Names Neutral Ligands | Names

Br bromo NH; ammine

F fluoro H,O aqua

0~ 0X0 NO Nitrosyl

OH hydroxo CO Carbonyl

CN- cyano 0, dioxygen
C,04" oxalato N> dinitrogen
COs5~ carbonato CsHsN pyridine
CH;COO- acetato H,NCH,CH,NH, | ethylenediamine
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YU G GHOT wanIQUINS ¢ AgnhinuymEsiGIAN: gl
Y “eemm: Metal 1 S dﬁﬂ1 LI e R Tt T e g I+ I+
H (Meralions) EBLL N2 o €™ sn® 7o® PO B AP
Ag” Cu™ Au Hg™  CF" AP Zn™ Ni™" Fe™™ Fe'" Co™™ . Co™ ...
9.M WAL (Ligand)
RITIE 113 gty s
SCN- thiocyanato - peroxo
5,07 thiosulfato 5§ thio
HSO: hydrogensulfato H.,0O Aquo or aqua
F- fluoro NH, ammine
Cl™ chloro co carbonyl
Br- Bromo NO nitrosyl
F- 1odo Co:~ carbonato
or 0X0 C,0F oxalato
o hydroxo
Table 2. Numerical Prefixes
Number | Prefix Number | Prefix Number | Prefix
1 mono 5 penta (pentakis) | 9 nona (ennea)
2 di (bis) 6 hexa (hexakis) | 10 deca
3 tr1 (tris) 7 hepta 11 undeca
4 tetra (tetrakis) 8 octa 12 dodeca
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Containing Metal Atoms
MName of
Metal in
Anionic
Meatal Complex
Aluminum Aluminate
Chromium Chromate
Cobalt Cobaltate
Copper Cupraie
Gold Aurate
Iron Ferrate
Lead Plumbate
Manganese Manganate
Molvbdenum Molvbdate
Mickel Nickelate
Silver Argentate
Tin Stannate
Tungsten Tungstate
Zinc Zincate

Maming Coordination Compounds

MNow that we have discussed the various types of ligands and the oxidation numbers
of metals, our next step is to leam what to call these coordination compounds. The
rules for naming coordination compounds are as follows:

l. The cation is named before the anion, as in other ionic compounds. The mle
holds regardless of whether the complex ion bears a net positive or a negative
charge. For example, in K;[Fe{(CN)] and [Co(NH;)Cl:IC] compound, we name
the K* and [CoiNH;)4Cl.]" cations first, respectively.

2. Within a complex ion the ligands are named first, in alphabetical order, and the
metal ion is named last.

3. The names of anionic ligands end with the letter o, whereas a neutral ligand is
usually called by the name of the molecule. The exceptions are H;0 (aqua), CO
(carbonyl), and NH; (ammine). Table 22.4 lists some common ligands.

4. When several ligands of a particular kind are present, we use the Greek prefixes
di-, tri-, tetra-, penta-, and hexa- to name them. Thus, the ligands in the cation
[ColNH3,Cly]" are “tetraamminedichloro.” (Note that prefixes are ignored when
alphabetizing ligands.) If the ligand itself contains a Greek prefix, we use the
prefixes bis (2), tris (3), and fefrakis (4) to indicate the number of ligands present.
For example, the ligand ethylenediamine already contains &i; therefore, if two
such ligands are present the name is bisiethvlenediamine).

5. The oxidation number of the metal is written in Roman numerals following the
name of the metal. For example, the Roman numeral 111 is used to indicate the

+ 3 oxidation state of chromium in [Co{NH;)4Cl5]", which is called tetraammine-
dichlorochromium(III) ion.

6. If the complex is an anion, its name ends in -ate. For example, in K,[Fe(CN),]
the anion [Fe(CN),]*" is called hexacyanoferrate(Il) ion. Note that the Roman
numeral I indicates the oxidation state of iron. Table 22.5 gives the names of
anions containing metal atoms.
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NNNHGARGE = nefuiuigns - eitiusigns

ggmnIan _
K4 [Co(CN)s] —> 4K" + [Fe(CN){l"  ugnmiviafis
air' = w o ai_/in I'rJ = | -
HUa HWHAGE  WAd  GRRNHIGAMAJH

9.6.9.9 INTRHETHARGILNA

fitlit + 68A Coordination + YOUS + HNH + HLTANAMEAY + GRRHNE ANYIRANM:

% n.o [fturiiis] = vgnanjuisfiuiid s
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PUEBTIERE1H R B BIS
o [Co(NH:),]™ - HUHINBANHBANNA ()
e [Pi(H,0); CII*" - HIH{SHT 17 WSA (1D

o [Fe(H,0);0H]* - HUMTHMMMA Hnitn am

5.€.9.0 IRFISHI B By B

fiogh + GgagirEamalh + yous + W + HOPMAAM (MENSNAR) + ate + GRRHNIANY

F 1A H WHALM AU B MANGNHIH:

re=
e =

anion 1s called cobaltate and Pt 1s called platinate. For some metals. the Latin names are
used in the complex anions e.g. Fe 1s called ferrate (not wronate).
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igpdfensine
@ [Fe(CN)e]* - HIHMTIBENANIAM ATIE (1)
@ [Fe(CN)e] - HUWNUIBENEANTATIA (II)
# [Zn(OH),I* - HUIMis M HRMME 1D
& [AI(OH),(H,0),] - HUHgHMIA{MH [DH8y MAILISAME (1)

& [Cr(SCN), (NH;),] - HIMGHIERIN A .jm.ijpnmmmmﬁ ()

5.€.9.m IAHELHRE AP
ggmnInn

& [Fe(CO)s] - GHMMUERS 157 (0)

# [Ru(HSO:) (NHy),] - IN[MMBsgApins0nfgomgs
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{d) As we noted earlier, en 15 the abbreviation for the ligand ethylenediamine. Because
there are three chloride jons each with a —1 charge. the cation is [Crien),". The
en ligands are neutral so the oxidation mumber of Cr must be +3. Because there are
three en groups present and the name of the ligand already contains & (rule 4), the
compound s called tris{ethylenediamine kehromium(IIT) chlonde .

Practice Exercise What is the systematic name of [Cr(H0),CI,]C17

nickel tetracarbonyl .

{b) The sodium caton has a positive charge; therefore, the complex anmon has a
negative charge (AwF; ). Each fluonde ion has a negative charge so the ooadation
number of gold must be +3 (to give a net negative charge). The compound is

{c} The complex 1on is the anion and it bears three negative charges because cach
potassium ion bears a +1 charge. Looking at [Fe(CM),*~. we see that the
oxidation number of Fe must be +3 because each cyanide ion bears a — | charge
(—6 total). The compound is  potassium hexacyanoferrate(I1) . This compound is
commonly called potassium ferncyamide .

Wnite the formulas for the following compounds: (a) pentaamminechlorocobalt( 11D chlonde,
{b) dichlorobis(cthylencdiamine)platinum(TV) nitrate, (c) sodium hexanitrocobaltase(IIT).

Strategy We follow the preceding procedure and refer to Tables 22.4 and 22.5 for
names of igands and antons containing metal atoms.

Solution (a) The complex cation contains five NH; groups, a CI” ion, and a Co ion
having a +3 oxidation number. The net charge of the cation must be +2,
[CoiMH;):CI]**. Two chloride anions are needed to balance the positive charges.
Therefore, the formula of the compound 15 [CollNH2)sCICl; .

{b) There are two chlonde 1ons (—1 each), two ern groups (neutral), and a Pt 1on with
an oxidation number of +4. The net charge on the cation must be +2,
[Ptien),Cl,]**. Two nitrate ions are needed to balance the 42 charge of the
complex cation. Therefore, the formula of the compound 15 [Pi{en),ClL NG} .

{c) The complex amon contains six mitro groups (— 1 each) and a cobalt 1on with an
oxidation number of +3. The net charge on the complex anion must be —3,
[CoiMNOL)]*". Three sodium cations are needed to balance the —3 charge of the
complex anion. Therefore, the formula of the compound is | Nag[ColNO, )] .

Practice Exercise Write the formula for the following compound: tris{ethylene-
diaminejcobalt{I1} sulfate.
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Tris( ethylenediamine) Cobalt (l11) sulfate

[Co(en);], (SO4),

Examples of Naming Coordination Compounds

Some examples of the nomenclature of coordination compounds can be
found below.

K, [Fe(CN)]:

*[Ni(CN) ]2

*[Zn(OH),] %

*[Ni(CO),l:
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Examples of Naming Coordination Compounds

Some examples of the nomenclature of coordination compounds can be
found below.

*K,[Fe(CN),]: Potassium hexa cyanide ferrate (Il)

*[Ni(CN),]~% Tetra cyano Nickelate (ll) ion.

*[Zn(OH),]"% Tetra hydroxo zincate (ll) ion.

*[Ni(CO),]: Tetra carbonyl Nickel (0).

Assignment
gﬁﬂﬁiﬂ%ﬂ o U ﬁjmﬁjﬁ‘t‘i‘:ﬁ QmiLm‘B“
[V(OH)6I(NO,);,
(NH,4),[CoCl,].
[Co(py)4]Br, (Py=Pyridine),

K4[MNn(CN)g]

Ni(NH3)4C|2:
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Name the following.

K,INi(CN),] J’UfﬂLMl ANONSIA  [PrNHy)lc,  SHBSQIES(IDE]

9J1ﬁ( y

(NH,),[Fe(SCN)]  HIFMUBUITAN AJANAM  [Cr(OH,)G](NO;);  UICENEIR{FE(II)
§IANR (110) Sl

Na,[Ni(CN),] SRIUIAMNONRIAGD  [Fe(NHy)s0,  UIGRNHERIRA(I) &
() e

[Fe(ox);]* AuilaTris HAGNGNAIANG  (NH,),ICocl,]  2HHMUIRMFIRNEN

(ox= oxalate) (III) A(I) °

[Co(NH,)sClIBr, URMHEESHANU(IL)  [cr(NHy),Ic,  IRMHEESEY(IE]
Wy

[CrOM,),cLlcl  SRIMAASHIAY(INET  [NI(OH,)cl, Noannafinm(I) [j

Write formulas for the following.

1.potassium hexacyanoferrate(III): K;[Fe(CN)g]

2.sodium hexafluoroaluminate(III): Nas[AlF;]
3.pentaaquabromomanganese(III) sulfate: [Mn(OH,):Br]SO,
4.hexaamminechromium(III) nitrate: [Cr(NH)c] (NO5);

5.sodium tetrahydroxochromate(III): Na[Cr(OH),]
6.hexaammineruthenium(III) tetrachloronickelate(II):[Ru(NH;):1[NiCl,]
7.tetraamminecopper(II) pentacyanohydroxoferrate(III):
[Cu(NH;),][Fe(CN),(OH)]

8.potassium diaquatetrabromovanadate(III): K[V(H,0),Br,]
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90.& ﬁoﬂafégs (Complex formation)
90.4.9 Binaseididivaiesge:

wingiesmITaiRurhuAwh Moy L
Mm+ + pL = [MLp]111+

90.4.1 eHenS
EIRAIRILIRI [ KSCN 181 ntiagrutuag ]t Fe' Binmimsmsminamgiuginannny &
ARG [Fe(SCN)J 4 uRiiumUidinuigy NaF 161 nnsRinnegumaite [FeSCN)F imsiinn

T B memsthywsMInIRRIG S AREEMSNANG [FeF* 9
- I -,
Fe'" +SCN° 5 [Fe(SCN)I" (1)

I
[ Fe(SCN)|* 2‘:. [FeF]™ +SCN™(2)

rens[u ANy (1)IGNMEIOISIANGRS K, I3HH [ FeaSCN)P G (1) 9
K= _[Fe(SCN)I

— K iﬁiﬁﬂﬂﬁgﬁ (formation constant)
[Fe][SCN] !
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BimeiBidiun K, 185IURRARE ( Dissociation constant) [URAY (1) G 2 9

~ [Fe"][SCN]

T TR | Bk

Ky

IHINGHANS pK BIMs K, 84 K,

pKy = - logKy b pKi=-log K¢

FIHSBHNS[UAAG (1): pK, =2.10 I818 K, = 126

90.4.0 Ffsicfanesgugtididansgotiess

mitgrisgiusuEnfimAunanm:Rhdhiismimwsgjheiswangian
ARBMUZTIT 4

d ) " on o, o v e w “ o
gatnii miuige Mgt ywmwausnisHny cu smERSMIgEaRIMY +

Ci™ & NH; & [Cu(NH;)]*  Kg=500

[CuNHy)]” + NH; S [Cu(NH3).]"  Kp=1100

[Cu(NH:),]** + NH; &  [Cu(NH;):]** Kg=4760

[Cu(NH:);]"" + NH; &  [Cu(NH:)]"" Kg=23810

T Cu? + 4NH; 5 [Cu(NH3);"  K;=K;Kp.KisKg=6.23x10"
igead

M o+ S ML, Ky

L
ML| T L 5 ML] K!:’

ML“_] 7t L 5 MLn Kﬁt

n
M + nL S ML, K;=IT Kj
i=1
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90.0 musesmgesitcanwaiedie
m:ﬁmmgﬁ;ﬁ'ﬁﬁmﬁﬁﬁﬁﬁmsmgun:ﬁﬁcyfntmg:
" miudndfum feth{uinyman-new
" mimiedReHEna iR

" geimfeiRuEeimdthugung

M P LS ML K

ML, + LS ML, Kp

M Ln_; + L s MLn Kt'n

M;H.0 + Ho 5 MOH +H:0" B

L + HO &S HL + H.0 K,'

#eaRo: AMUGRImafinguhmyiuisjuigiSafund AudunnmuSuitiinnifume

dienom 1 s hwnmiudaiisammedgsdnEeshmGnhmisang
{ CI_ == CM

K 258 g isP i >>K

NGBaVIzR

M +nL S MLn K

fn
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M + LS ML K
ML, + LS M, K

MLn_l + L 5 MLn Km
W Cy > C 8 Ko > K, >.....>K, 1 gissinsiadnuumwajhinste
AMIBRESEasHHIBAMA HRBTRE 4

LT ']

B0 HUNNAINTUIASRENNENNA RN T INFNG Fe(Cl05); 18E8AIMG 0.100M

81 0.01 M egRUtIAI MU AT BRI RIS KSCN (Msiuidafiummuimmung) 4
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LERS SIS

I B MR B AR A U IR Sh:
2H,0 S

H:0' + OH K,

Fe(ClOs); — Fe'* + 3ClO;

KSCN - K' + SCN’

Fe’* +SCN S [Fe(SCN)J*
[Fe(SCN)]** +SCN” S [Fe(SCN),]’
[Fe(SCN),]" +SCN S [Fe(SCN);]
[Fe(SCN);] +SCN S  [Fe(SCN)y]
[Fe(SCN); ]~ + SCN" S [Fe(SCN)s]?
[Fe(SCN)s]> + SCN S [Fe(SCN)]*
aman: C,... =0.100>C 8UK,>K, ....>

(1)
K, =103 (2)
K, =10 (3)
K, =10"* (4)
KL: 100,80 (S)
K( = 10 0,02 (6)
K,=10" (7)

Kfr,

gigsmiuifafiuigidamAimiGe meannasaumMIEIN{UIASHENS

Fe'* + SCN & [Fe(SCN)J*
C 0.100 0.010
[] 0.100-(0.010-x) x 0.010-x
3.03 0.01—.\'
K.nzlo_‘ﬂ_= ( )
[0.1— (0,01 — x)]x
= 103.1}.: — 10 “_‘_
(9.10 + x)x

TN ANMWIIBIHTS x = [SCN]=1.03x 10 *M

[UIASR BAMA A MBS 1 H,0 0" . Fe'";

[Fe(SCN);] : [Fe(SCN)4]~; [Fe(SCN)s] >
[Fe(SCN)* =107-x~10°M

M (3) [Fe(SCN)2] =K , [SCN'] [Fe(SCN)T’
[Fe’'1=9x102M

[Fe(SCN)]
: [Fe(SCN)g]*

K P — l 0 3.03

2. SCN"; [Fe(SCN)J]™;

"=897x10"°M

MY (4) [Fe(SCN);] =K , [SCN'] [Fe(SCN),] =2.32x10 "M

MY (5) [Fe(SCN);] =K

. [SCN] [Fe(SCN);] = 1.51 x 101" M
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fM(6) [Fe(SCN)s]* =K , [SCN'] [Fe(SCN);] = 1.63 x 10™*M

W HWY Fe' Msunn:thmannhsgnmumsmiuing:

Fe''. H,0 + H,0 S Fe(OH)*' +H;0" B =10%"
0.10
[ ] 0.10 -x X 4

NS [ANLUIE THINS
x = [H;0']=3.00 x 10°M
84 [OH]=3.30x 10" M

90.00 #8% EDTA S2He306R51%: ( Complexes of EDTA and Metal Tons) I niHGIg]S-
GHBSINMIIUSERNMIMA EDTA MUANEMNEW ( hexa dentateligand) IBUMSMEH

HARTEUS BhH TN ARt ERRBSTgMIHE]S (B (donor atoms)IBAINNNG

™ S

-J Figure 9-1 Structure of calcium-EDTA
complex. Bond lengths are not to scale.

aumuwA Mgl (pH > 12 ) [AEROIMUNONsSMySABSIMWYHRSuMs
EDTA @m0 © 19 fRsthywmamnighispoiumsanm:glheyy §Mdks nw: - EDTA

NBUNMIUSWI MY +
v n Y
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TABLE 8.2 COMMON POLYDENTATE LIGANDS

Type Structure Namc
Bidentate HaN NH, Ethylenediamine (en)
H\ / \
N NH,
Tetradentate Tricthylenctetraamine
(Trien)
N NH,
-
H N/
O
iy el
/ N \ Nitnlotriacetic acid
HO OH (NTA)
C —OH
&
o
Q‘\cﬁ —
Hexadentate / N . N\ Ethylenediaminetetra-
HO OH acetic acid (EDTA)
HO OH
N
f(‘_" C\\
o o
: 2 Vo
5 ‘{ = S, Cy -. " .
] Hi N N OH acid (CDTA)
HO\ ) o
fc c\
& N
OH
WS //:O
o c o
o
o

BTG ShmwiGniEm@Ew 4 EDTA MMGmAE UmIEumnsmeniums
AU OMPEAIG] Y. HY  H,Y* HY'. Y* [Ai0Nsgingsissme [phngmgwinnm:
BBt 1N -EDTA Bu{uingRywod)uaitinsugrom 1 grRsanUifatinwmel

oM ARgmaEn|mOn (v iwmdwigiinsaniandisisanm: - EDTA 4

[Myﬂ- -I]
(M"Y ]
AUMGHRHA R esatRGnmuGmusksiispingrhwrgoufimais v+ phrmtsagi 4

Mn_ + Y4- har MYH-4 KM\'Z (8-1)

EDTA MIS{URAEMEWHLMANT: AJiusnapauei v ismunmens is{Hinswn
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T 9 gHAgR Mg §inssisginsw i ARy S HIMA NG 1 g

1

reutIRgHENAIAET Fsnanu: [ fnsdgd ine iAtEsAmGh 1 shugFimn:
gRFEMWARN MBS fissinmaunn  guwamnaTnEEInsIano
SIMABTIALS EDTAIMSIGHARMIMANI: 1 Taninn Rujmanun: me s inghywiinn
iﬁ:‘iiﬁgmﬁfﬁ EDTA 181 pH-10 Gigensfivgs g Fe'” SiHg Amsudnguinansuiang

pH-2 4

90.¢ &FANER pH CEBESBIRSBIGEDTA
MUSNASINAUNG («) IS[UINGSAIOIUA] EDTA iRHSANMANSSAE [UNuE: H,Y.
HY  HY* HY" Y* 4
4 =[."'4 ]
Y]
00 Y'= [HyY] + [H5Y] + [HoY?] + [HYY] + [YY]

or "l.‘

fing oyt wimehifiumy H0 1Nwimnsidiunismais EDTA

HiR o y* mtiﬁunmmmmjimjmgjﬁLmtﬂjhmﬁhﬁnﬁ&' 1
4 K KKK,
T[H,O'T +K,[H,O'T +K,K, [H()] +1< Ko K [H 01+ K, KKK

ﬁtmaﬁtmtﬁjtwtgjﬁ ENUINMMBTURIN D IHHGATTAIT:
=5 [HY; ] - K.'rlKeal‘Ks:R[H_‘()+]

HY ™ —

Y D
, _[HY* ] _ K, K,[H0'T
Oly,y? = = ==
- [Y'] D
_ ] K, [H,0']
an_‘:' [Y'] D

_[HY 1 _[H0'T
2 ¥ D
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0.6} FHaY - i}
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(o] A 1 1
0 2 4 6 8 10 12 14
pH
Figure 9-2 Effect of pH on the composition of an EDTA solution.
ob o
SINSHENBC BEENS EDTA ¢R7 pH &Y
pH o y i pH oc ),-‘4
2.00 500x 10 8.00 6.90 x 10
3.00 340x 10" 9.00 6.50 x 10~
4.00 5.00 x 107 10.00 4.10x 10"
5.00 4.80 x 107 11.00 8.50 x 10
6.00 3.00x 107 12.00 9.80 x 10
7.00 6.10x 10
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BUNSYB{UMANEM « ' IRUMBHANSME:
K, =1.00x107

K, Kp=2.10x 107

K, KoKs=1.60x 10"

K KK 3Ky =1.10x 107!

191 pH-8.00M 1818

-21
wy =200 (905107
1,60x10"
191 pH-11.00M 1313
=21
R B (15 (e

1,30x10 %!

ggnnsiemacudsusnbinsiensis:

_[Zn(NH ;)]

" [Zn** [NH,]
 [Zn(NH)),T*
"> [Zn(NH,) T [NH,]

ZoNHO ¢NH & (ZoNH K, =LV T
- o % [Zn(NH,) 1*'[NH,]
& = [Zn(NH ), 1"
" [Zn(NH,), T [NH,]

Zn*" o+ NH; S [Zn(NH3)]*

[Zn(NH)]* + NH; S (Za(NH ),

[Zn(NH;);]** +NH; S [Zn(NH;),]*"



anantenituaSsamnm
YU e AWwHUT

GRGIHRIMTISAMIBINIS Zn MEEHINSUINEEMSIMENY]Y EDTA:
. H:[Zn" ]2
Zn [an]

B Zo' ARG Zn 807U BSBATEWIRARTEMEW EDTA

108 [Z0'] = [Zn® ] +[Zo(NH:)] + [Zo(NH: )7 + [Zo(NH:) [ +[Zn(NH;), ]
diise . milteiibAungis NH; Snsiiandfednm-maaa gigemims

RITIROT: o . = ; I ; ;
o K, [NH]+ K, K/ [NH,] +K K K [NH,] +K K K K, [NH]

d o v oot =3 o " =
GWNAN: AANNAIMTRIRAAH 0.100M AIAILIRG]H Zn(NO,), HUMIST pH-9.15 T BBHRIRLIA]H
NHy/NH,CI 1 RUNUMEMAAIARETEE 0.0800M 9 uAANAANARuANM -MEMAgmea:
K, =165x10".K ,=195x10".K ,;=229x10°.K ,,= 1.07x 10°

eamegenes: s AMGaIUiSAREEIMY (uncomplexed) TSAIN [Zn] MIANARINTIS
Zn (HiNSAANS ITHIRVIS « ,,,, WM 1 MIBANMBATEIEEEE:
ﬁnnmmﬁ'fmm"mﬁm?fmnaa‘éj:
K, [NH,] = (1,62x10%)(0,0800) = 13,00
K, K, [NH,]* =(1,62x10%)(1,95x10°)(0,0800) =202

K, K, K, [NH,]" =(162x10")(1.95x10")(2.29x10° )(0,0800)" = 3,70x10’
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K,K,K,K, [NH,]" =(1,62x107)(1,95x10% )(2,29x10% )(1,07x10%)(0,0800)" =3,17x10"

NgrnlEmIiLIE N ma:
0 I
Z"  1413,0+203+(3,70x10%) + (3,17x10*)

=2,66x10"
ngdiuetnbangmInaitmiahaGms:

[Zn’*]=(2,66x107)(0.0100) = 2,66x10"" M

90.90 6555?%852525%985& (Conditional Formation Constants)

The equilibrium:

HOAc + H,0 == H,0* + OAc” ot 4 Yy ==y
+ - -
Initial equation: K, = LEGER 15O Aei ] Koo = —I-M
[HOAc) [Za®**][Y4]
Assumption 1: [HO"] = [DAcT] [Zn?*] = [Y*")
Assumption 2 [HOAc] = Cyon. [ZaY23") ='Chps
i
Final equation: K, = [H:07] Kyov2- = Cl"—w
CHON.' [an]z

Solution: [H,O"] = VKuCyoAc [Zn?*] = Jcln\"’/KZnY"
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[Zn*] = . [Zn'] B¥[Y*] =<, [Y']

ngriiugingsigisumgnulsuRmTmm:
[ZnY” ]
(€ znas [Z1 Doy, [Y'])

my

[ZnY* ]
K (<., )Mo, =Ky = ———
{ Zn24 )( Y4 ) 'Y [Zn,][}n]

LB K,y SUTIBUBIRANGUINEAN 9 (NA] APBRN RESUANN: I hwanie « ,,,, 54
xyp, AODNIASHENEGFSAAMNG 1 sTigianugen)nsiiimeiimuisianm: 8 EDTA
ME{HImsuinMMmui: [M'] §1 [Y'] NUiEHnwmiguen shlsidnms nwmsuen g

RS ANATANMIRANNHE 6 - Weois 4

d 24 5 T o o o
gANIAN: BN pZn® 741 5.00 x 10°M ZnY> 181 pH- 1010 OL,,,. §2.00x 10 BY kype- B

3.16x 10" 94

SERMsgsIes:
A EWANIS zn* phrguweajRmitiunis Zey* 1 mgwingissSuudaiiuimes
FITTEUITHNLINIT:

In” +Y" s Zn¥*
[ZnY* ]

o KZny> = 201
[Zn ][Y 7]
HUIBIRANRITBAN SDRMBTAINNEN] [Zn']

Zn¥E {CC Znl4 )( «© Y= ) [Z”'][Y']

U hMIGUR RN MG N G [Hoi R nefRuEemning Zn 54 EDTA

K Zn'Y" K

13 [Zn’] = [Y’]
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WHEUETEULHPD IS 10)T S 1 NHD RS

[ZnY*"]
[Zn'}

nr? (CC Zn2+ )( Ly ) i

5.00x10"°

(3.16 x 10")(2.00 x 107)(0.41) =
’ [Zn']

e, WIBRNMNNAIL o , SWid

[Zn®] = M =1.50x 10°M
2,21x10’

DU [Zn* ] =« .. [Zn'] = (2.00 x 107)( 1.50 x 10°) =3.00 x 10™*M
pZn*'=13.52
ninfigsms U Rmei masimaisiiamgitisidnnuneanisumamuusinFuibin

BWHA Y HIEsIHmS:

= 2 In¥ K 'y C 52
[Zn-* ][Yv] Zn} Znl Zn [an][YJ—]
I BMISHNISMIIS SN SAMAR NG [UOSHSHAREANA YW EDTA 9

nY* ] = ZnY*
R SR . I _ )

d o - . =
genN: HNDAUNGISHIMAs ]SRN HNSEA 7.50 x 10°M CaY> 8B4 1.00x10°M

T DUIMANIG EDTA 80K, . =5.01x 10" .« . =42x10° 81« , =640x 10"
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ARSI
pBmMImEuisminiAnmua i
G+ Y5  (Cay?
rhwmiDisiianunenEny EDTA ithims:

[CaY® ]
[Ca* ][]

ﬁgmﬁ?mmsﬁj pehma:

K =Kgr*.,.=
Ca¥ CaY =" y4

7.50x107°

501x10"x640x 10" = —= -
[Ca**11.00x10°

Bi5s [Ca’']=2.30x 107'M
b susiianunean s inuminjs 8 EDTA [Ca’] [imS

sang SudinssisigiapinsBnganns [Ca®] 9

Significant Digits
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What are significant digits?

The significant digitsin a
measurement consist of all the
digits known with certainty
plus one final digit, which is
uncertain or is estimated.

For example: Study the diagram below.

‘“]ﬂlI]H'H[llll'['l’l’l'i’l’llii| Il l| 1) HHIH"IT[ ITITII'III| I l IUII'ITI'IITI'IH IIIII [ Illl ITIrf Illl‘l’llll'[ lll]"[ Iy I'ITI'I'I'II (L ’l’l’[llﬂﬂ]’l‘ll'

0 S5 3 4 5 6 7 8 9ol T2 sS4
c<m

Using the ruler at the top of the diagram, what is the length of
the darker rectangle found in between the two rulers?

Answer: The length is between 4 and 5 cm. The “4” is certain, but the
distance past 4 cm will have to be estimated. A possible estimate might be
4.3. Both of these digits are significant. The first digit is certain and th
second digit is uncertain because it is an estimate.




Using the ruler at the bottom of the diagram, what is the length of the darker

rectangle found in between the two rulers?

B RN R R R R R Y R R T AR
e e e R e el e s

DS SR RS S e T e (e B e A i
(Gpghie w SO R >

Answer: The edge of the rectangle is between 4.2 cm and 4.3 cm.
We are certain about the 4.2, but the next digit will have to be
estimated. As possible estimation might be 4.27. All three digits
would be significant. The first two digits are certain and the last
digit is uncertain.

Please remember...

The more significant digits a
value has, the more accurate
the measurement will be.
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RULE: If a number contains no zeros,
all of the digits are significant.
How many significant

digits are in each of the
following examples?

a) 438 Answers:
b) 26.42 a) 3
c) 1.7 b) 4
d) .653 c)2

d)3
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RULE: All zeros between two non zero
digits are significant.
How many significant

digits are in each of the
following examples?

Answers:
a) 506
b) 10,052 a) 3
c) 900.431 b) 5
c)6

RULE: Zeros to the right of a non zero digit

a) If they are to the right of a nonzero number but not
sandwiched between nonzero and decimal point, they are not
significant.

How many significant
digits are in each of the
following examples?

Answers:
a) 4830=4.83x103
a)3
b) 60=6x101 b)1
c)1

c) 4,000=4x103
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RULE: Zeros to the right of a non zero digit
If these zeros are sandwiched between a nonzero number and a
decimal point, they are significant.

How many significant
digits are in each of the
following examples?

Answers:
a) 4830.
b) 60. a)4
c) 4,000. b) 2
c) 4

RULE: In decimals less than one, zeros to the right of a decimal point

that are to the left of the first non-zero digit are never significant.

They are simply place holders.

How many significant
digits are in each of the
following examples?

Answers:
a) 0.06=6x102
a)l
b) 0.0047=4.7x103 b) 2

¢) 0.005=5x103 c)1
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RULE: All zeros to the right of a decimal point and to the right of a
non-zero digit are significant.

How many significant
digits are in each of the
following examples?

Answers:
a) .870
b) 8.0 a)3
c) 16.40 b)2
d) 35.000 c) 4
e) 1.60 d)5
e)3

4‘ Practice Problems

How many significant digits are in Answers:
each of the following examples?

1) 3
1) 47.1 2) 4
2) 9700. 3) 7
3) 0.005965000=5.965000x10° 4) 2
4) 560 5) 3
5) 0.0509 6) 6
6) 701.905 7) 4
7) 50.00 8) 5
8) 50.012 9) 1

10)3

9) 0.000009=9x10*°
10) 0.0000104=1.04x10"



ananteniwassaingm Ayl ARy AN GAUIR) SAEAUTIMUR

YU G AGHUT waNINUINS : ApkinugmEsidinn: gie
Determining Significant Digits When
Rounding
1) 689.683 grams (4 significant digits) 1) 689.7
2) 0.007219 (2 significant digits) 2) 0.0072
3) 4009 (1 significant digit) 3) 4000
4) 39.21x 10! (1 significant digit) a) 4

5) 8792 (2 significant digits) 5) 8800=8.8x103

6) 309.00275 (5 significant digits) 6) 309.00

7) .1046888 (3 significant digits) 7) .105

Rule for Addition and Subtraction

When adding or subtracting, round the sum or difference
so that it has the same number of decimal places as the
measurement having the fewest decimal places.

Example: Add 369.3389 + 17.24

First simply add the two numbers. Answer = 386.5789=386.58

17.24 had the fewest number of decimal places with 2 places past the
decimal. The above answer will have to be rounded to two places past the
decimal.

Rounded Answer = 386.58
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Find the sum or difference of the following and
round them to the correct number of digits.

Answers
a) 39.61-17.3=22.31 a) 22.3

b) 4.67
b) 1.97 + 2.700=4.67

c) 56
c) 100.8 —45=55.8=56 d) 300.0

d) 296.0 + 3.9876=299.9876

Rule for Multiplication and Division

Express a product or a quotient to the same number of
significant figures as the multiplied or divided
measurement having the fewer significant figures.

Example: Multiply 6.99 x .25=1.7476=1.7

First simply multiply the two numbers. Answer = 1.7475

.25 had the fewest number of significant digits with 2. The above answer
will have to be rounded to two significant digits.

Rounded Answer = 1.7




anANTeNwASSAIN AYTHIUARY AN SAUNH] SABAUTIUER
yUNIeN ATWHU wantiiquias : apniinymissician: g

Multiply or divide the following and give your
answer in the correct number of significant digits.

Answers
a) 4.7929 + 4.9 =0.978=0.98 a) 0.98

b) 20=2x101
b) 5 x 3.999=19.995=20=2x10"

c) 900=9x107
c) 84 + .09=933.33333=900

d) 176
d) .815 x215.7=175.7955=176

Daily question

What is the difference between
accuracy and precision?
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3.1 Using and Expressing
Measurements

Significant Figures

* Learning targets

— | can state the number of significant figures in a number and
why they are significant.

— | can calculate problems and have the correct number of
significant figures in the answer.
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Significant
| Figures

* You can easily read the
temperature on this thermometer
to the nearest degree.

* You can also estimate the

temperature to about the nearest i
tenth of a degree by noting the agff
closeness of the liquid inside to the &
calibrations.

e Suppose you estimate that the i
temperature lies between 22°Cand '}
23°C, at 22.9°C. |

e This estimated number, 22.9° C, has
three digits.

» The first two digits (20 and 2) are
known with certainty, while the
rightmost digit (9) has been
estimated and involves some
uncertainty.

« These reported digits all convey
useful information and are called
significant figures.
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Significant

Figures
The significant figures in a measurement
include all of the digits that are known, plus a
last digit that is estimated.

Measurements must always be reported to

the correct number of significant figures

because calculated answers cannot be more
precise than measured data.

Sigtinitdiit
Figures

* The width of the door can be
expressed as:

— 0.8 m for meter stick “a”
because 0 is known and .8 is
estimated

— 0.77 m for meter stick “b”
because 0.7 is known and
0.07 is estimated

— 0.772 m for meter stick “c”
because 0.77 is known and
.2 is estimated

] rq;;;uu"!urnnul

Bl Im
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Significant

Figures
Determining Significant Figures in Measurements

To determine whether a digit in a measured value
Lis significant, you need to apply the following rules.

Every nonzero digit is significant.

Each of these measurements has three
significant figures:

24.7 meters

0.743 meter

714 matarc SIgiLdiiL

Figures

Determining Significant Figures in Measurements

2. Zeros appearing between nonzero digits are
significant. These are called “sandwich zeros”.

Each of these measurements has four significant figures:
Why?

7003 meters
40.79 meters
1.503 meters



b1

anANTeNNwRESAIN Al AR RIAAN AU SRS AUTINULR
gumien st wantignuyas : anpainuymsticinn: giel

Significant
Figures

Rule 3: Trailing zeros follow a non zero digit and are significant
only if there is a decimal point.

examples of this rule with the zeros this rule affects in boldface:
0.00500

0.03040
2.30x 10
4.500 x 10%2

100.000

digiiiediit
Figures
Determining Significant Figures in Measurements

Each of these measurements has four

significant figures: WHY? (find the captured
& trailing zeros)

43.00 meters
1.010 meters
9.000 meters
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* Which digits are significant figures?
1. All non zero digits (1 to 9)

2. sandwich zeros — which are between non-
zero digits

— Example 1,001

3. Trailing zeros — with a decimal point

— Example 1,001.000

* Which ZERO digits are NOT significant
figures?
* Leading zeros before real numbers
* Example 0.000231

* Trailing zeros after real numbers if no decimal is
written- Example 1,000,000
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Significant
Figures

Determining Significant Figures in Measurements
Each of these measurements has only two significant figures:

1 meter =7.1x103 meter
m‘ 2 meter =4.2 x 10! meter
[ 0.000]099 meter =9.9 x 10> meter

e

All digits are
Thgse are significant using
leading zeros scientific notation

Qigtiicdiit
Figures

Determining Significant Figures in Measurements

The zeros in these measurements are not
significant: WHY?

300 meters ? ignificant figure)
7000 meters ? zignificant figure)
27 , 210 meters U%ur significant figures)

No captured zeros nor trailing zeros, no decimal points!
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Significant Figures
Determining Significant Figures in Measurements

Unlimited number of significant figures
There are two situations in which numbers have an unlimited number of significant
figures. Counting and Equivalents
— The first involves counting.
23 people in your classroom
This measurement is a counted value, so it has an unlimited number of significant
figures.

* The second situation involves equivalents like those found within a system of
measurement.

Each of these numbers has an unlimited number of significant figures.

60 min =1 hr
100cm=1m
Counting and equivalents do not limit the significant figures in your
calculations!

Rules for signiﬁhgtrﬂiﬁja Nt flg ures

Rule 1: Non-zero digits are always significant.

Rule 2: “sandwich zeros” — any zeros between two significant
digits are significant.

Rule 3: Trailing zeros are significant if there is a decimal point
Rule 4 — Unlimited significant figures

— Counted values

— equivalents
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J

Suppose that the winner of a 100-meter dash
finishes the race in 9.98 seconds. The runner
in second place has a time of 10.05 seconds.
How many significant figures are in each
measurement? Give the rules 1-4.

There are three significant figures in 9.98
Rule 1- every nonzero digit is significant

There are four significant figures in 10.05
Rule 1- every nonzero digit is significant
Rule 2 — sandwich zeros between nonzero digits
are significant

CSampIe Problem 3.3)

Counting Significant Figures in Measurements

How many significant figures are in each measurement?
Give the rule(s) for counting significant figures
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Counting Significant Figures in Measurements

How many significant figures are in each measurement?
Give the rule(s) for counting significant figures

Sigtinitdiit
Figures
Significant Figures in Calculations
Rounding

— To round a number, first decide how many
significant figures the answer should have.

— Then round to that many digits, counting from
the left.

— “4 & below, let it go”
— “5 & above, give it a shove”
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Sample Problem 3.4
Page 69 # 6 Rounding Measurements

Round off each measurement to the
number of significant figures shown in
parentheses.

a. 314.721 metcl SN

b. 0.001775 me-)
c. 8792 meter-

CSampIe Problem 3.4)

9 Page 69 # 6 Rounding Measurements

The arrow points to the digit immediately following the
last significant digit. Write your answer using scientific
notation.

a. 314.721 meters — round to 4 significant figures

T

2 is less than 5, so you do not round up.

314.7 meters = 3.147 x 102 meters
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Sample Problem 3.4

The arrow points to the digit immediately following
the second significant digit. Write your answer
using scientific notation.

b. 0.001 775 meters - round to 2 significant figures
T

7 is greater than 5, so round up.

0.0018 meter = 1.8 x 103 meter

[Sample Problem 3.4)

9 Solve Apply the concepts to this problem.

The arrow points to the digit immediately following
the second significant digit. Write your answer
using scientific notation.

c. 8792 meters - round to 2 significant figures

T

9 is greater than 5, so round up.

8800 meters = 8.8 x 103 meters
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Significant Significant Figures in Calculations
Figares

A calculated answer cannot be more precise than the least
precise measurement from which it was calculated.

" The calculated value must be rounded to make it consistent
with the measurements from which it was calculated based
on the number of significant figures.

— A die measures 1.8 cm on each side.

— Its volume is 1.8 cm x 1.8 cm x 1.8 cm = 5.832cm3.

— This is incorrect because the measurements have tenths and
the answer is expressed using thousandths.

Qigtiicdiit
Figures

Significant Figures in Calculations
Addition and Subtraction

The answer to an addition or subtraction
calculation should be rounded to the same
number of decimal places (not digits) as the
measurement with the least number of decimal
places.
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Sample Problem 3.5 )

Page 70 ~amp J

Significant Figures in Addition and
Subtraction

Give the answer to the correct number of
significant figures.

12.52 meters + 349.0 meters + 8.24 meters

[Sample Problem 3.5]}

9 Solve Apply the concepts to this problem.

349.0 meters has the

fewest decimal places,

just one. The answer 12 52 meters
must be rounded to 349.0 meters

one decimal place + 8.24 meters

369.76 meters

369.8 meters
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SignificantFigures

Significant Figures in Calculations

- Multiplication and Division

In calculations involving multiplication and
division, round the answer to the same
number of significant figures as the
measurement with the least number of
significant figures.

(Sample Problem 3.6)

Significant Figures in Multiplication
and Division

Give the answers to the correct number
of significant figures.

a. 7.55 meters x 0.34 meter

b. 2.10 meters x 0.70 meter

c. 2.4526 meters? = 8.4 meters
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Sample Problem 3.6
9 Solve Apply the concepts to this problem.

a. 7.55 meters x 0.34 meter

The second measurement (0.34 meter) has the
least number of significant figures (two). So, the
answer must be rounded to two significant figures.

a. 7.55 meters x 0.34 meter = 2.567 meters?

= 2.6 meters?

The second measurement (0.70 meter) has the
least number of significant figures (two). So,
the answer must be rounded to two
significant figures.

b. 2.10 meters x 0.70 meter = 1.47 meters?
= 1.5 meters?
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Sample Problem 3.6
9 Solve Apply the concepts to this problem.

c. 2.4526 meters? = 8.4 meters

The second measurement (8.4 meters?) has the
least number of significant figures (two). So, the
answer must be rounded to two significant figures.

c. 2.4526 meters? =+ 8.4 meters = 0.291 076 meter
= 0.29 meter

@ Check )

In what case are zeros significant in a
measured value?

trailing zeros with a decimal point
Sandwich zero’s — between real numbers

Sig Fig Rule when + or - numbers?
— Round to fewest decimal places

Sig Fig Rule when x or - numbers?
— Round to fewest significant figures



ananieniwasgdmnm AT AREAIAANT SRV SATEAUTONU(A

b=1

i o
g N AwHT wantignuas : apainuymiEGiGn: giel

End of Significant Figures!
e Time for practice!
* Practice here

http://science.widener.edu/svb/tutor
ial/sigfisurescsn7.html

J10O>>5dlI y
Terms

— measurement: a quantitative description that includes
both a number and a unit

— scientific notation: an expression of numbers in the form
m x 10", where m is equal to or greater than 1 and less
than 10, and n is an integer

— accuracy: the closeness of a measurement to the true
value of what is being measured

— precision: describes the closeness, or reproducibility, of a
set of measurements taken under the same conditions
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