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“The world of chemical events is like a stage on which scene after scene is enacted in a
continuous succession. The players on this stage are the elements. To each of them is assigned a

characteristic role, either that of supernumerary or that of an actor playing a part.”
Clemens Alexander Winkler, 1897

B Almost all the chemical processes which occur in nature ... take place between substances in
solution." Friedrich Wilhelm Ostwald, 1890

(Nobel Prize for Chemistry in 1909 "in recognition of his work on catalysis and for his
investigations into the fundamental principles governing chemical equilibria and rates of reaction".)

4.9 — Acid-Base Reactions

Exam | Monday, September 20 (in one week)

quiz on Friday covering material since first quiz

you need to do the Grubbs test on your Exp 5
data and email the spreadsheet with any outliers

clearly marked



Solubility Rules

Group I, NH,* always soluble

REVIEW FROM WEDNESDAY

TABLE 4-1
Solubilities of lonic Compounds in Water
Anion Soluble® Slightly Soluble Insoluble
NOj; (nitrate) All — —
ClO; (chlorate) All — —_
ClOy (perchlorate) Most KClO, —
CH,COO " (acetate) Most — Be(CH;COO),
F~ (fluoride) Group 1,|AgF, BeF, SrF,, BaF,, PbF, MgF,, CaF,
Cl™ (chloride) Most PbCl, AgCl, Hg,Cl, N
Br~ (bromide) Most PbBr,, HgBr, AgBr, Hg,Br, Ag -
[ (iodide) Most — Agl, Hg,l,, Hg,
Pbl,, Hgl,
SO; (sulfate) Most CaSO,, Ag,SO,, SrSO,, BaSO,,
Hg,SO, PbSO,
S* (sulfide) Groups Ijand II — Most
(NH,),S
CO3 ™ (carbonate) Group 1,(NH,),CO, — Most
SO3 ™ (sulfite) Group I, (NH,),SO; — Most
PO;~ (phosphate) Group I, (NH,).PO, Li;PO, Most
OH "™ (hydroxide) Group I, |Ba(OH), Sr(OH),, Ca(OH), Most




REVIEW FROM WEDNESDAY
Precipitation Reactions

For example: If agueous solutions of sodium chloride and silver nitrate were
mixed, the solubility table identifies silver chloride as an insoluble species so

1. balanced equation:
NaCl(aq) + AgNOs(aq) — AgCI(s) + NaNO,(aq)
2. total ionic equation: [ never break apart (s), (1), (9) ]

+ Cl~(aq) +Ag*(aq) + -
AgCI(s) + +

3. netionic equation (contains the CHEMISTRY):
Ag*(aq) + Cl-(aq) — AgClI(s)



REVIEW FROM WEDNESDAY

Statistics H_Exp 5 (next week)

H Ch 4

H 4-1 - Gaussian Distribution
Central Limit Theorem — random variable
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REVIEW FROM WEDNESDAY

H 4-6 — Grubbs Test

To determine whether a particular data point can be excluded based upon its questionable veracity, form
the Grubbs statistic, .

.
o { Critical values of G
IIquesl.mnaI:rle <X> | g 4
T for rejection of outlier
5 Sumber of (s

nhservations (Y53 % confidence)
If Gegteutated > Guanie then the point can be excluded with the cho- 4 1463
sen confidence level (here 95%). The mean and standard devia- 5 1.672
tion will need to be recalculated. Hint: generally do not exclude ? :ﬁii
a data point unless you are certain that an error occurred in its 2 2 032
measurement. Never exclude more than one point. Always use 9 2.110
a value of G of at least a 95% confidence level. 10 2.176
11 2.234
_— : |12 2.285
Gcalc < Gtable => do not drop pomt 15 2.409
20 2.957

Geac > Gtable => drop point \ /




REVIEW FROM WEDNESDAY
H 4-2 — F Test: Comparison of Standard Deviations

To compare the standard deviations of two different sets of mea-
surements to determine if they are or are not statistically the same

n, measurements, <x,> mean, S, standard deviation
n, measurements, <x,> mean, S, standard deviation

determine
Featculated = (51/ 32)2 where F 2 1

Fape = FINV(0.05,dofl,dof2), dofl =n; —1,dof2=n, -1

EXCEL

Foae < Fupe = Statistically the same at 95% confidence
F... > F.e => statistically different



REVIEW FROM WEDNESDAY

H 4-4 — Case 2. Comparing Means
To compare the means of two different sets of measurements to
determine If they are statistically the same or different

N, measurements, <x,> mean, s, standard deviation
n, measurements, <x,> mean, S, standard deviation
if F

o | <xp> =<y > 1y,
determine: S, ,qeds tealc fcalculated =

'Tpcuzzled ny+ny
tapie = TINV(0.05,dof) —

EXCEL : :
1:calc < 1:table => stat. the same Mﬁ - SE(HE —)
t.e > e = Stat. different pooe ny+n, —2

< |:table

calc




H 4-4 — Case 2. Comparing Means

To compare the means of two different sets of measurements to
determine If they are statistically the same or different

N, measurements, <x,> mean, S, standard deviation
n, measurements, <x,> mean, S, standard deviation

> Ftable | < .T] > — < IE s |

I calculated — > >
\f.s*lf’ffl + 55/,

if F
determine: dof, t

calc

calc

tianie = TINV(0.05,d0f) T |degrees of  (s{/n; + s3/n3)*

EXCEL

< ttable => gstat. the same freeamii_\» {SEIHI (5‘2!'.-‘:-'2)2
>t = Stat. different ny — | ny, — 1

t
t

calc

calc




H 4-3 — The Meaning of 95% Confidence

You make n measurements and report

confidence interval = <x>z t,.s/\/n
<X> mean tys from t-table s standard deviation

which => that the true mean will be found within a range of ts /\/n
of your mean with a level of certainty of 95% if you were to repeat
the n measurements many times (95% of the sets of n measure-
ments would include the true mean)



Properties of Arrhenius Acids and Bases

Arrhenius acids - produce H*(aq) ions upon dissolution in water
HCl(ag) — H*(ag) + Cl7(aq)

Arrhenius bases - produce OH-(aq) ions upon dissolution in water
Ba(OH),(aq) — Ba**(aq) + 2 OH=(aq)
Definition works since pure water ionizes to a very small extent in a process
called autoionization
H,O(aq) — H'(aq) + OH(aq)

Water is both an Arrhenius acid and an Arrhenius base. A substance having
both acidic and basic properties is called amphoteric.



Strong Acids and Strong Bases

seven strong acids to know

hydrochloric acid
hydrobromic acid
hydroiodic acid
perchloric acid
chloric acid
sulfuric acid

nitric acid

HCI
HBr

HI
HCIO,
HCIO,
H,SO,
HNO,

Ac|Th|Pa| U |Np|Pu[Am|Cm|Bk| CF | Es

Fm | Md | No

soluble strong bases to know

lithium hydroxide
sodium hydroxide
potassium hydroxide
rubidium hydroxide
cesium hydroxide

barium hydroxide

LIOH
NaOH
KOH
RbOH
CsOH
Ba(OH),



Neutralization of Arrhenius Acid with Arrhenius Base

neutralization - reaction of an Arrhenius acid with an Arrhenius base to form
a salt (lonic compound not containing OH-) and water; driving force is the

formation of stable, low energy water
NaOH(aq) + HCl(ag) — NaCl(aq) + H,O(l)

net ionic equation: H*(aq) + OH(aq) — H,O(l)

What about ammonia?



Modified Definition of Arrhenius Acids and Bases

Arrhenius acids - increase concentration of H*(aq) above that present In
pure water by reacting with water

Arrhenius bases - increase concentration of OH™ (aq) above that present in
pure water by reacting with water — for ammonia

NH;(aq) + H,0(l) — NH,"(aq) + OH(aq)

Broadens the applicable chemistry.



Acid and Base Anhydrides

SO5(g) + H,O() — H,SO,(aq) Na,O(s) + H,O(l) — 2 NaOH(aq)

P,O(s) + 6 H,O(l) — 4 H3PO4(aq)

to find the acid/base add enough units of H,O to the anhydride



Acid and Base Anhydrides

SO;(g) + H,O() — H,SO,(aq) Na,O(s) + H,O(l) — 2 NaOH(aq)

P,O(s) + 6 H,O() —» 4 H;PO,(aq) 2 HNOs(aq) — 'H,O' — N,0:(g)

Ba(OH),(s) — 'H,O' — BaO(s) 2 HBrO,(agq) — 'H,O' — Br,0-(q)

to find the anhydride "subtract" enough units of H,O from the acid/base to
remove all of the hydrogens



Acid and Base Anhydrides

Increasing basicity

Increasing acidity

Increasing acidity

>
I II IT1 IV \% VI VII

Li,0 | BeOo | B0, | CcO, | NOs | (0, | OF,

Na,0 | MgO SO; | CL0q

K,O CaO GeO, SeO; | Br,0;,

Rb,0 | SrO | In,05 | SnO, | Sb,Ox L,O,

Cs,O BaO T1L,O0; | PbO, | Bi,O; At,0,

< Increasing basicity




Reactions of Acids and Bases: ACID + BASE — SALT + WATER
chemistry contained in net ionic equation (or WHY YOU NEED TO KNOW YOUR IONS)

ACIDS react with BASES react with
1. bases 1. acids
———————————————————— salt and water --------------------

2 HBr(agq) + Ba(OH),(aq) — BaBr,(aq) + 2 H,O(l)

H*(aq) + OH" (aq) — H,0())



2 HBr(aq) + Ba(OH),(ag) — BaBr,(aq) + 2 H,0O(l)
RBr — W' + Bet

Balow), = Ba' + 2 H-0
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ACIDS react with BASES react with
2. metal oxides 2. nonmetal oxides
-------------------- salt and water --------------------

2 HCl(aq) + MnO(s) — 2 NaOH(aq) + Cl,0(g) —
MnCl,(aq) + H,O(l) 2 NaClO,(aq) + H,O(l)

2 H*(aq) + MnO(s) — Mn?*(aq) + H,O(l) 2 OH-(aq) + Cl,O:(g) — 2 ClO5;(aq) + H,O(l)



2 HCl(aqg) + MnO(s) — MnCl,(aq) + H,O(l)
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ACIDS react with BASES react with
3. carbonates 3. ammonium salts
hydrogen carbonates

+ CO,(Q) + NH3(9)
HNO,(aq) + NaHCO,(s) — 2 KOH(aq) + (NH,),S0O,(aq) —
CO,(g) + NaNO,(aq) + H,O(l) 2 NH;(g) + K,SO,(aq) + 2 H,0(l)
H*(aq) + NaHCO4(s) — OH~(aq) + NH,*(aq) — NH;(g) + H,0O(])

CO,(g) + Na*(aq) + H,O(l)

also sulfites and hydrogen sulfites



2 KOH(aq) + (NH,),SO,4(ag) — 2 NH4(g) + K,SO,(aq) + 2 H,0(l)
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Stoichiometry of Acid-Base Titrations

balanced equation

concentrations
end-point = equivalence point (end-point: indicator, potentiometric)

EX 10. A 25.0 mL sample of acetic acid (CH;COOH) requires 28.33 mL of
0.953 M NaOH to reach the phenolphthalein end-point. What is the concen-
tration of acetic acid?

CH;COOH(agq) + NaOH(ag) —> NaCH,COO(aq) + H20(l)
25 mL 28.33 mL
0.953 M

Ny = (VM)a = ng = (VM)g




Stoichiometry of Acid-Base Titrations

balanced equation

concentrations
end-point = equivalence point (end-point: indicator, potentiometric)

EX 10. A 25.0 mL sample of acetic acid (CH;COOH) requires 28.33 mL of
0.953 M NaOH to reach the phenolphthalein end-point. What is the concen-

tration of acetic acid?

CH;COOH(agq) + NaOH(ag) —> NaCH,COO(aq) + H20(l)
25 mL 28.33 mL
0.953 M

Ny = (VM), = ng = (VM) =>
M, = (VM),/V, =(28.33)(0.953)/25.0 = 1.0799 => 1.08 M




H-Nonmetal

H-Oxyanion

Rule 1: (without the presence of H,0)
like ionic compounds: cation + anion
hydrogen _ide

Examples:

HCI hydrogen chloride
HF hydrogen fluoride
H,S hydrogen sulfide
H,Se hydrogen selenide

Rule 2: (H acids, when dissolved in H,0)
hydro_ic acid

Examples:
HCI hydrochloric acid
HF hydrofluoric acid

H,S hydrosulfuric acid
H,Se hydroselenic acid
Comment:

(a) These H-containing compounds are named as if they
were ionic. (b) Often the (aq) in the formulas of the acids
Is omitted when it is obvious from the context that they are
acids.

Rule 1: (without the presence of H,0O)
like ionic compounds: cation + anion
hydrogen hypo _ite
hydrogen _ite
hydrogen _ate
hydrogen per_ate

Rule 2: (HO acids, when dissolved in H,0)

hypo ous acid

_ous acid
_ic acid
per_ic acid - H,C05(aq)
Examples:
HCIO hypochlorous acid 9
HCIO,  chlorous acid « ™ 12504(a0)
HCIO;  chloric acid )
HCIO,  perchloric acid
HNO, nitrous acid
HNO, nitric acid
H,SO;  sulfurous acid nitric acid, HNO,
H,SO,  sulfuric acid
H,PO, phosphoric acid

nitrous acid, HNO,
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