Announcements

When reading Chapter 4:

Skip p. 154-157 (Balancing Redox Equations/Redox
Titrations)

On to Chapter 5 (Gases)
Hour Exam 2
Aug 26

Goal is to cover up to and include Chapter 6.2-6.5

Don’t fall behind

Please see me if you need help




Molecular hydrogen (H2) reacts with molecular
halogens to produce gaseous covalent hydrogen
halides compounds (H-X).

H: (g) + F2(g) ==> 2 HF(g)
Hz (g) + Cla(g) ==> 2 HClI(g)
All gaseous
H> (g) + Br2(g) ==> 2 HBr(g) covalent compounds
Hy(9) () ==> 2HIg)




Gaseous hydrogen halides react with water to
produce hydrohalic acids with a proton H* (except
hydrogen fluoride which is a weak acid).

HCl(g) + H20O(l) => H30"(aq) + Cl (aq)

hydrogen chloride + water => aqueous hydrochloric acid
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HCl(g) == H"(aq) + Cl'(aq)




Acids are substances that produce H* when
dissolved in water.

H20
HA(g) ==> H" + A Acid donate H*

Bases are substances that produce OH- when
dissolved in water.

H20
MOH(s) ==> OH + M"* Bases donate OH-

Both are strong electrolytes!




Acids and bases can be classified as strong or
weak. We use arrows to symbolize the difference.

100% ionized = strong electrolyte = ==> arrow

'Strong Acid H»S0s(aq) ==>‘m042'(aq)
'Strong Base KOH(ag) ==> OH-(aq) + K* (aq)

<20% ionized = weak electrolyte = <==> arrow

Weak Acid HNOz(aq) <==> H+(aq) + NOz'(a(J)
Weak Base NH1sOH(aq) <==> OH-(aq) + NH4* (aq)




We must know the formulas and names of all the
strong acids and strong bases.

Strong Acids
nydrochloric acid HCI
nydrobromic acid HBr
nydroiodic acid al
nitric acid HNO;
sulfuric acid H,SO,

perchloric acid HCIO,

H-X acids

Oxide containing acids

Strong Bases

lithium hydroxide: LiOH
sodium hydroxide:  NaOH
potassium hydroxide: KOH
calcium hydroxide  Ca(OH),

strontium hydroxide Sr(OH),
barium hydroxide = Ba(OH),

Group | and Il Hydroxides




Everything not strong is weak. Know these!

Common Weak Acids and Their Anions

Acid
HF

CH,COOH

CN
NO,

2C0;

Anion

F_

CH,COO-

CN-
NO,"

CO.Z-

S0,2-
PO,3-

Name
fluoride ion
acetate ion

cyanide ion
nitrite ion
carbonate ion
sulfite ion
phosphate ion




Acids and bases react in a characteristic chemical
reaction called a “neutralization reaction” to form a
salt and water.

NaOH (aq) + HCI (aq) ==> + Na*+ CI-
NS

base + acid ==> \Water + salt

/

A salt is an ionic compound whose cation comes
from a parent base and whose anion comes from
a parent acid.




Chemists symbolize the reactions of acids with
water two equivalent ways. Don’t let it bug you.

H* representation H3O* Representation
H20
HCI(g) ===>H* + CI HCI(g) + H20 => H3O* + CI-
H20

HNO3(l) ===> H* + NOg3" HNO3(g) + H20 => H30* + NO3

H20
HA(g) ===> H* + A" HA(g) + H20 => H30* + A-

Generalized Acid HA Generalized Acid HA




All that are not strong are weak acids and weak
bases = weak electrolytes. They do not dissociate
to a large extent in solution.

Weak Acids Weak Bases
CH3CO;H  acetic acid NHs(ag)  ammonia
HNO, hitrous acid
H,S0; sulfurous acid
HOCI hypochlorous acid

H.CO5 carbonic acid
H3PO, phosphoric acid
HF hydrofluoric acid

HX «—— HT + Cl|™

Weakly 10nized in water (not 100% 1onized)




Weak acids dissociate to a very small extent and
this fact is reflected in their equations as well
using a double-arrow.

Molecular equation
NaOH(aqg) + CH3;COOH(ag) «— CH;COONa(ag) + H,O

Total ionic equation
Na*(aq)+ OH-(aq) + CH;COOH(ag) «—
CH;COO(agq) + Na*(ag) + H,O(!)

Net ionic equation
OH-(aq) + CH3;COOH(ag) «— CH;COO-(aq) + H,0O(/)




Acids undergo three major reactions that are

easy to remember. ——

Reactions
“switch partners”

m
2HCI (aq) + NaOH — NaCl(aq) + H20(/)

1. Acid + base ==> salt + water

N A
2. Acid + carbonate salts ==> salt + CO2(g) + H20(l)
v~ v
2HCI (aq) + CaCO, (s)— CaCl, (aq) + CO, (g) + H,O (/)
N A

3. Acid + Group | or Il metals ===> salt + H2 gas.

2HCI (aq) + Mg(s)—— MgCl,(aq) + H, (g9)




Reactions between acids and carbonate containing
compounds yield gaseous CO: and H20 + salt.

Molecular equation
NaHCO;(ag) + CH;COOH(aq)

CH,COONa(aq) + CO,(g) + H,O(l)

Total ionic equation
Na*(aq)+ HCO5(ag) + CH3;COOH(aq)
CH3COO0(aq) + Na*(ag) + CO,(g) + H,O())

Net ionic equation
HCO;(ag) + CH;COOH(ag)
CH3;COO (ag) + CO,(g) + H,O(/)




There are 4-main gas forming reactions

1. Metal carbonate/bicarbonate + acid — metal salt + CO2 +H>0

NaHCO;(aq) + HCl(aq) —> NaCl(aq) + CO,(g) + H,O(l)
2HCI (aq) + CaCO;(s) —> CO, (g) + H,O (l) + CaCl, (aq)

2. Metal sulfite + acid —> metal salt + SO2(l) + H20(1)
2 HCl(aq) + Na,S05(aq) —>» SO, (g) + H,O (l) + 2 NaCl (aq)
3. Metal sulfide + acid —> metal salt + H2S(Qg)

2 HCI (aq) + Na,S(aqg) —> H,S (g) + 2 NaCl (aq)

4. Ammonium salt + strong base —> NH3(g) + H20 + metal salt

NH4Cl(aq) + NaOH (ag)—> NHz3(g) + H2O + NaCl (aq)




Name the type of reaction and write M/I/NI g
lonic equations for the following:

hydrochloric acid and potassium hydroxide
sodium carbonate and hydrochloric acid
aluminum nitrate and sodium phosphate
potassium chloride + iron(ll) nitrate

Iron sulfide and hydrochloric acid

acetic acid and magnesium hydroxide
sodium sulfite and hydrochloric acid

NSO OaR~D -~




Solubility Rules

Soluble lonic Compounds Exceptions

Group IA and NH4* None

NOs- None
Salts of:  CHzOy None
ClO3 and ClO4 None
Cl, Br, I Ag®, Pb*", Cu*, Hgo?"
SO4* Ca?*, Sr¥*, Ba2* Ag®, Pb?*
Insoluble lonic Compounds Exceptions
OH- Group IA, Ca?*, Sr’*, Ba*
Salts of: COs" Salts of Group IA and NH4*
PO4* Salts of Group IA and NH4*
q2- Salts of Group IA,

NH4*, Ba?t Ca?*, Sr*




How many mL of 0.300M HCI are required to
neutralize 6.25 x 10-3 mol NaOH in this acid-base §
neutralization reaction?

1. Write a balanced equation

NaOH + HCl—— NaCl + H,0

2. Use stoichiometry and definition of molarity to solve

1 mol HCI
1 mol NaOH

volume HCl = 6.25 x 1073 mol HCI x

= 6.25 x10°mo | HCI

1L HCI
0.300 mol HCI

6.25 x 10> mol NaOH x

= 2.08 x107* L HCI = 20.8 mL HCI




You perform an acid-base titration to standardize an
HCI solution by placing 50.00 mL of HCI in a flask

with a few drops of indicator solution. You load §
0.1524 M NaOH into the buret, and you record the
Initial reading as 0.55 mL. At the end point, the

buret reading is 33.87 mL. What is the

concentration of the HCI solution?

NaOH(aq) + HCl(aq) —— NaCl(aq) + H,O(l)
mol HCI = (33.87-0.55) mL X —1= x _9:1524 mol NaOH
10°mL 1 L NaOH
mol HCI = 5.078x10-3
[HCI] = 5.078x103mol HCl  [mgMa46 M LCl

0.05000 L




