Ch.4 Reactionsin Agueous Solution

4-1: Solute Concentration :
1. Molarity (M) : FL,?%F\I?' B
2. Normality (N) : “HiElE%

4-2: Precipitation Reaction
1. Net lonic Equations fig 4.4
2. Stoichiometry

4-3: Acid-base Reactions
1. Strong and Weak Acids and Bases
2. Equations for Acid —Base Reactions
3. Acid —Base Titrations

4-4: Oxidation-reduction reactions
1. Oxidation number . [~E
2. Balancing half equations (oxidation or reduction)
3. Balancing Redox Equations



§4-1 Solute Concentrations: Molarity (M)A B =" 182

_ Mmolesof solute _ JATT mole
liters of solution 1%3*1 S EE

Thesymbol: [ ]

7] : A solution containing 1.20 mol of substance A in 2.50 L of solution.

[A] = rnoles of SO|I-J'[e _ 1.20 mol - 0480 M (mol/L)
liters of solution 250 L

Fig 4.1. Preparing one liter of 0.100 M potassium chromaIe(KZCrOLl)éﬁf%ﬂ',
AL T 02

AnNs:
0.100 = M
1 MM =2 (39.10)+1 (52.00)+4  (16.00)
0.100= "1 =78.20+ 52.00+ 64.00
194.2 1015
m=19.4¢g —19%eg

a) V11l rEE¥ volumetric flask » fg[' 11949 K,Cro,
b) it PRI = '\’FﬁiK CrO,
C) VHRLEI SHRL FRpIE S

Ex 4.1: Nitric acid, HNO,, is extensively used in the manufacture of

fertilizer, A bottle containing 75.0 mL of nitric acid solution is

labeled 6.0 M HNO, .

a) How many molesof HNO, arein the bottle?

b) A reaction needs 5.00 g of HNO,. How many mL of solution are
required?

¢) Ten mL of water are added to the solution. What is the molarity
of the resulting solution? (Assume volumes are additive.)

MM o, = 63.02 g/ mol
Ans:
d Ny, =750mL " 6.0 mol HNO, . L =0.45mol
1L 1000 mL
b V= 5009 . 1L . 1000mL:13mL
63.02 g/mol 6.0 mol HNO, 1L
0 M = _mol&s of sol gte _ 0.45 — 53 mol/L

liters of solution  (75.0 + 10.0)/ 1000
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Anionic solid dissolves in water, the cations and anions separate
from each other.

NaCl(s) % %3® Na'(aq) + Cl (aq)
MgCl,(s) % %% Mg? (aq)+ 2Cl (aq)

molarity Mg** = molarity MgCl, P [Mg*] =[MgCl,]
molarity CI" =2 ~ molarity MgCl, P [CI"] =2[MgCl,]

1 :
(NH,),PO,(s) %% 3NH; (aq) + PO’ (aq)
molarity NH, =3 ~ molarity (NH,),PO,
molarity PO, =1~ molarity (NH,),PO,

Cr,(30,),(s) %%%® 2Cr* (aq) +30; (aq)
molarity Cr* =2~ molarity Cr,(S0,),
molarity SO; =3~ molarity Cr,(S0,),

Ex 4-2: Potassium dichromate, K,Cr,O,, isused in the tanning of leather. A
flask containing 125 mL of solutionis labeled 0.145M K.,Cr,0, .
a) What is the molarity of each ion in solution?
b) A sample containing 0.200 moles of K* isadded to the solution.
Assuming no volume change, what is the molarity of the new solution?
Ans:
a) K,Cr,0,(s) %%3%® 2K*(aq) + Cr,07 (aq)
[K']=2" 0.145=0.290 M
[Cr,0¥]1=1" 0.145=0.145M
b) Nee = 0.290 © 125/1000 = 0.0363 mol

n . =0.0363+ 0.200 = 0.236 mol

K™

K] = 0.236 mol _ 1.89 M
0.125L
[K,Cr0,] = 1.89 mol K N 1mol K,Cr,0, _ 0.945 M

1L 2mol K*



§ 4-2 Precipitation Reactions 7%~ &

Sometimes when water solutions of two different ionic compounds are
mixed , an insoluble solid separate out of solution.
\-— precipitate
Ksp: solubility product i?ﬁﬁfé@%ﬁ

Fig4.3: yrip

Gronp 2 catlons (Mg?, Ca®f, Bat® g
TEg i, ? | Pascy | MgiOH

Al ‘

Ex 4-3: Using the precipitation diagram (Fig 4.3), predict what will happen
when the following pairs of agueous solutions are mixed.
a) Cu(NO,), and (NH,),SO,
b) FeCl, and AgNO,
Ans:
a) CuSO, b No precipitate.
NH,NO, b No precipitate.
\ No precipitate.
b) Fe(NO,), P No precipitate.
AgCl b Yes.
\ AgCl i

§ Net ionic equation
Na,CO,(aq) + CaCl,(aq) %% 2NaCl(aq) + CaCO,(s)
Reactants: 2Na*; COZ ; Ca**; 2CI
Products: 2Na"; 2Cl"; CaCO,(s)

b 2MA" + COX + Ca*+ 2CI° 3H® 2Na" + 2217 + CaCO,(s)
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Net ionic equation:

COZ +Ca” %% CaCO,(s) spectator (2#) ions: 2Na*; 2CI

Ex 4-4: Write a net ionic equation for any precipitation reaction that occurs

when solutions of the followings ionic compounds are mixed.
a) NaOH and Cu(NO,),

b) BaCl, and Ag,S0,

C) (NH,),PO, and K,CO,
Ans:

a) NaNO, b No prepcipitate.
Cu(OH), b Yes.

\ Cu*(aqg) + 20H (ag) %% Cu(OH),(s)
b) BaSO, b Yes.

\ Ba’(ag) + SO7 (aq) %% BaSO,(s)
AgCl P Yes. \
\ Ag'(aq) +Cl (aq) %3 AQgCI(s)
\ BaCl,(aq) + AgSO,(aq) %% BaSO,(s) + 2AgCI(s)
c) K,PO, P No prepcipitate.
(NH,),CO, b No prepcipitate.
\ No equation.

3 "] netionic equation #-1.

§ Stoichiometry [~=5F| &l
M ole-mass calculation.

Ex 4.5: When aqueous solutions of sodium hydroxide and iron (I11) nitrate
are mixed, ared precipitate forms.
a) Write a net ionic equation for the reaction.
b) What volume of 0.136 M iron (I11) nitrate is required to produce
0.886 g of precipitate?
¢) How many grams of precipitate are formed when 50.00 mL of

0.200 M NaOH and 30.00 mL 0.125 M Fe(NOz3); are mixed.
AnsS:



a) Fe*(aq) +30H (aq) %® Fe(OH),(s)
. m 0.886
nFe(OH)3 - - .
MM poor,,  5585+3  (1.008+16.00)

N = 1”829 10°®=829 10 mol

N =V "M

829 10°=V ~ 0.136

V = 0.0610L

©)  NMegnoy, = 0.125° % =3.75 10" mol

=829 102 mol

b)

n... =0.200 5000 0.0100 mol
o 1000

Fe* (aq) + 30H (ag) %% Fe(OH),(s)
1 mol Fe(OH ),
3 mol OH"

Neeiory, = 0:0100 mol * =3.33 " 10° mol (smaller)

\ OH" limiting reactant.
\' Mg, =333 7 10° * 106.87 g/mol = 0.356 g

§ 4-3 Acid-base reactions

Acidic solution : 1. sour taste.
2. Litmus(7 ;&) turns from blue to red.

Basic solution : 1. slippery feeling
2. Litmus turns from red to blue.

Svante Arrhenius : Acid-base definitions :

An acid is a species that produces H* ionsin water solution.
A base is a species that produces OH" ions in water solution.

J. Brj nsted -T.Lowry : (Ch. 13)
et e L W H
e I T
H P
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HCl(ag) + H,0() me Cl (aq) + H;O(aq)
it 1 1
|
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§ Strong and Weak Acids and Bases.

There are two types of acids, strong and weak.

Strong acid : ionize completely, forming H* ions and anions.

Ex: HCl(aq) %% HT(aq) + Cl (aq)
F'EJ;‘(F 0.10 mol - -
7 i 0.00 mol 0.10 mol 0.10 mol ionize completely.

Weak acid : Only partially ionized to H *ionsinwater . Double arrow
implies that this reaction does not go to completion.

Ex:  HF(aq) &l H'(aq) +F  (ag)
F'EJ;‘(F 0.10 mol - -
7 i 0.09 mol 0.01 mol 0.01 mol partialy ionized.

Strong base : In water solution is completely ionized to OH" ions and cations.
Ex: NaOH(s) %3 Na'(aq) + OH  (aq)
Ca(OH),(s) %% Ca*(aq) + 20H " (aq) ionize completely.

Weak base : They react with H,0 molecules, acquiring H* ions and leaving
OH" ions behind.
Ex:  NH,(aq) +H,0 a&d NH; (ag) + OH (aq)
F'EJL’!F 0.10 mol - -
7 g 0.099 mol 0.001 mol 0.001 mol partialy ionized.



Table 4-1 Common Strong acids and bases.

Acid Name of Acid Base Name of base

HCI (aq) Hydrochloric acid LiOH Lithium hydroxide
HBr (aqg) Hydrobromic acid NaOH Sodium hydroxide
HI (a0) Hydriodic acid KOH Potassium hydroxide
HNO, Nitric acid Ca(OH), Calcium hydroxide
HCIO, ifiy#'[= | Perchloric acid S (OH), Strontium hydroxide
H,SO, Sulfuric acid Ba(OH), Barium Hydroxide

Amine i
CH,NH,(aq) + H,0 &3l CH,NH; (ag) + OH" (aq)

Strong electrolytes JE5#%E1 b completely ionized.
A

Weak electrolytes b partially ionized.

§ Equationsfor Acid-Base reactions.
1. Strong acid-Strong base

HNG} (ag) + MEOH

MEKB; (ag) + H,O()

R

neutralization : H*(ag) + OH (aq) %%® H,O(I)
R Na*, NO; : spectator ions

e

2. Weak acid-Strong base
HB NaOH

HB

ag) + B (aq)

+) _H(ag) + OH (ag) %u® H,O()

net reaction : HB+OH" (ag) %%® B (aq) + H,O (I)
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Ex: NaOH +HF(aqg) 44[%

HF(aq) + OH (aq) %% F (aq) + H,O(l)

3. Strong acid-Weak base
HCI NH,

NHawy + B500) =~ NH;(ag) + OH"(aq)
¥) H'(ag) + OH (aq) B® )

NH;(aq) + H7(aq) %3 NH,(aq)

=V HT (a0) +B(a0) %% BH' (aq)

Ex: HNO,(aqg) + CH,NH,(aq) :
CH,NH,(ag) + H" (aq) %% CH,NH; (aq)

Table 4.2 :  Types of acid-base reactions.

Reactants Reacting Species | Net ionic reaction

Sacid - Shase H", OH" H*(ag) + OH (ag) =@ H,O(l)
W acid — S base HB, OH" HB + OH (aq) ® B’ (aq) + H,O (1)
Sacid — W base H*, B H"(ag) +B (ag) ® BH" (a)

Ex 4-6: Write a net ionic equation for each of the following reactionsin
dilute water solution.
a) Hypochlorous acid (HCIO ) % J#% and calcium hydroxide
b) Ammoniawith perchloric acid (HCIO,) jffiz [%
¢) Hydriodic acid ( HI ) with sodium hydroxide

Ans:
a) HCIOweak acid Ca(OH), strong base

\ HCIO(ag) + OH (aq) ¥»3%® CIO (aq) + H,O(l)




b) NH, weak base HCIO, strong acid

\ NHj(ag) +H"(ag) %% NH,(aq)
C) HI strongacid NaOH strong base

\ H'(ag) +OH (aq) %% H.,O()

b 1§ R —. .0 ~ — “C1°, b
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