CHEMISTRY 1102 NOTES
ZUMDAHL CHAPTER 14 - ACIDS AND BASES

This and the next chapter are very important egfigén biochemical and industrial settings.
There are a number of calculation types to be medte

1. The Nature of Acids and Bases
Arrhenius Definition acids are sources of ldonors and bases (alkalis) are sources of O
Brgnsted-Lowry Definition acids are proton donors and bases are prot@ptars.

The example given is an aqueous solution of HGtling thehydronium ionH;O". The
generic equation is:

HA(ag) + HO() = HO'(aq) + A(aq)

This reaction contains twazonjugate acid-baspairs, HA/A and HO'/H,0. The reaction
can also be viewed as a competition of the twoumate bases for the'Hf H,O is a
stronger base than Ahen the equilibrium will lie to the right:

K = [HO'][A[HO][HA] Ka = [HO'IAT[HA]
Because [HO] = 55.6 and approximately constant for most diluteesqs solutions.

K, is called theacid dissociation constanin addition, although we should strictly use
HsO" it is used interchangeably with"H

HA(ag) = H'(ag) + A(aq)

Ka = [HOTATVHA] = [HTAT[HA]
(Equations smust be appropriately balanced als#mae!)
Examples of acids:
HBr(ag) = H'(ag) + Bi(aq)
HCH;Oxaq) = H'(aq) + GHs;0O*(aq)
NHs(ag) = H'(ag)+NH(aq)
CeHsNHs'(ag) = H'(agq) + GHsNH,

HAsFs(ag) = H'(aq) + Ask(aq)




[Ca(H,0)*"(aq) = H'(ag) + [Ca(HO)s(OH)I'(aq)
The Brgnsted-Lowry definition can apply to molesulie the gas phase also, and in cases where the

Arrhenius definition does not, for example the teacof NH; with HCI. (There are no OHgyroups here
at all)

2. Acid Strength

The strength of an acid is defined by the posigbaquilibrium in its ionization reaction:

TABLE 14.1 Various Ways to Describe Acid Strength

Property Strong Acid Weak Acid

K, value K, is large K, is small

Position of the dissociation Far 1o the right Far to the lefi
{ionmization) equilibrinm

Equilibrium concentration of [H*] = [HA], [H'] < [HA],

H " compared with original
concentration of HA

Strength of conjugate base A~ much weaker A~ much stronger
compared with that of water base than H.O base than H,O

See also Figuress.1, 14.2and14.3
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The reaction of HCl and H,0. i
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The reaction of an acid HA with water to - e - R
form H,0* and a conjugate base A~ -

FIGURE 14.3 g
The reaction of NH, with HCl to form - + o —_— ;” ¥
NH," and CI~. o A




TABLE 14.2 Values of K, for Some Common Monoprotic Acids

Formula Name Value of K~

HSO, Hydrogen sulfate ion 1.2%x10°°

HCIO, Chlorous acid 1.2 % 10-2 -
HC.H.ClD, Monochloracetic acid 135 %107 W
HF Hydrofluoric acid 12X =
HNO, Nitrous acid 40 % 107 -
HC-H;0, Acetic acid 18 % 1073 2
[AHD) 1 Hydrated aluminum(III) ion 14 % 103 =
HOCI Hypochlorous acid 35% 10°# E
HCN Hydrocyanic acid 62 x 1 ” 5
NH," Ammonium ion 56x10°" =
HOC:H: Phenol 1.6 x 107"

*The units of K, are customarly omitted.

and Tablel4.2

The common strong acids are sulphuric acigb@®}), hydrochloric acid (HCI), nitric acid
(HNQOs) and perchloric acid (HCI. (Hydrogensulphate ion (HSQis a weak acid.)
Most acids have H attached to an oxgen atom iedhsyxyacids The most well know
exceptions are hydrohalic acids but there are stlf@nrganic acids contain the -CO(OH)
group - hydrogen bound to carbon is not normaliyzable.

It is not possible to accurately calculate the ats$ociation constants for the strong
acids because the (unionized) acid concentrati@nsasmall and difficult to measure
accurately. Kapproaches infinity.

Water as an Acid and a Base

Water isamphoteric it can behave either as an acid or a base:

H'(@aq) + HO() = HO"

HO() = H'(ag) + OHaaq)

It normally undergoes self- or autoionization:

2H,0() = HO'(agq) + OH

(aq)

Other liquids can do this too: an important onkgsid ammonia. (It is normally a gas).
The equilibrium constant for the self-ionizationvadter is:

Ky = [HO'][OH] = [H][OH] = 1.0x10"at25°C.




At 25 °C, inneutral solutions:
[H] = [OH] = 1.0x10
In acid solution, [H] > [OH] and in basic solution [H < [OH]

Exercise(14.3):

Calculate [H] or [OHT] as required for each of the following at @5and say whether the
solution is acidic or basic:

a. 1.00x10° M OH

Answer: [H] 1.0x100/1.00x10° 1.00x10 M Solution isasic

b. 1.00x10" OH

Answer: [H] = 1.00x10%1.00x10° = 1.00x10M  Solution iseutral
c. 100MH
Answer: [OH] = 1.00x10%10.0 = 1.00x1% M  Solution is (very!)
acidic
Exercise(14.4):

At 60°C the value of ¥ is 1.x10*
d. Predict whether the autoionization of water is eratcexothermic.

Answer: Use the principle of le Chatelier, whichstes that if a system at
equilibrium is heated, it will adjust to consumesggy. We note amcreasein the
value of K, at 60°C over the value at Z&. The reaction is shifting towards the
right indicating that heat is absorbed as parhisf process. Therefore the reaction
Is endothermian this direction.

e. calculate [H] and [OH] for a neutral solution.
Answer: In a neutral solution [H= [OH] and since:
[H[OH] = 10®[H]? = [OH]® = 10°
Therefore

[H] = [OH] = (10%* = 3x10'M

A3~



3. The pH scale

Because the concentration [H+] varies over a vanyd range (about 15 orders of
magnitude) it is convenient to use a log scaletrdy acidity. Usually, the
concentrations are less than 1 so the logs woualtiteebe negative numbers. for this
reason a new scale is defined:

pH = -log[H'] or just -log[H]

Note: the logs are expressed to the same numigkrcohal placess thesignificant
figuresin the actual concentration. Log(231.62) = 2.364[@8 original number has 5
significant figures so its log has 5 figu$er the decimal point

Other log scales are: pOH = -log[OH
pK = -log[K]
At 25 °C neutral solutions have:
[H]=10" sopH=7
[OH]=10" sopOH=7
Ky =10 sopK, = 14
Since: [H][OH] = 10™
log([H'][OH) = log(10™)
pH + pOH = pK, = 14

Your scientific calculator should handle the comsuans to logs and back from logs
(antilog or 10) that you will need. Read the manual!

Before tackling acid-base calculations always tlnakefully about the major species
present in the solution.

4. Calculating the pH of Strong Acid Solutions

Example (14.7a)

Calculate the pH of 0.1 M HNO

Answer:




Nitric acid is a strong acid, therefore the majoeaes in solution are:'HNO; and HO
We neglect the contribution to [Hfrom the self-ionization of water which will be X0”
We assume the HN{s completely ionized so:

[H]7 = 0.1M andpH = log(0.1) =1.0

Example: (14.7b)

Calculate the pH of I8 M HCI
Answer:

HCl is also completely ionized, but its concentmatis so small that its effect on the
water self-ionization equilibrium will be negligdal The pH will be that of pure water: 7.

. Calculating the pH of Weak Acid Solutions

Example:
Calculate the pH of a 1.00 M solution of HF,& 7.2x10%

Answer:

1. What are the major species in solution? They areutFHO.
2. Which can furnish [H?

HFaq) = H + F@gq) K=7.2x10
HO() = H(@aq) + OHaq) K, =10"

3. Pick the dominant [H supplier (there will almost always be one!) listhase it is
HF.
4. The starting concentration of HF is 1.00 M

At equilibrium let the concentrations be:

[HF] = (1.0-A)
HT = A
F] = A

5. Set up the calculation:
Ka = [HIFVHF] = (A)(A)/(1.00-A) = 7.2x10

6. Apply the approximation that 1.00 - A ~ 1.00 be@Aswill be quite small.




7.2x10° = AY1.00 - A2 = 7.2xad — A = 2.7x10

7. We are ready to calculate the pH except we shdwdlcthe validity of the
approximation we just made. The back-calculatgdhi6uld not differ from that
given by more than about 5%

Kq(calcd)=A1.00-2.7x1G) = 7.40x1d

(Ky(approx)-k)/K, = 0.027 or 2.8%

This OK! (N.B. This method is different to that giggted in the text.)
8. Calculate the pH.

pH = log(2.7x18) = 1.57

The pH of a Mixture of Weak Acids

Example: (14.9)

Calculate the pH of a mixture containing:

1.00 M HCN (K, = 6.2x10")
5.00 M HNQ (K. = 4.0x10%

and calculate the CNoncentration at equilibrium.
Answer:
9. The acids are all weak therefore the major specisslution are:
HCN, HNG, and HO
10All three produce H
HCN(@gq) = H + CN(agq) K=6.2x10"
HNOJaq) = H' + NQ(aq) K =4.0x10"
HO() = H'(aq) + OHaq) K,=10"

11 As often is the case one acid is significantlyrsfer than the others, in this case
the nitrous acid. It will supply the bulk of the’ H
12 Its starting concentration is 5.00 M

At equilibrium we have:




[HNO; = 5.00-A
[H] = A
[NO2] = A

13.Set up the calculation:
Ko = 4.0x1d = [H]INO,J/[HNO2] = (A)(A)/5.00-A) ~ A/5.00
A = 45x10M
14 Check the approximation (the book way this time):
4.5x10%5.00 x 100% = 0.90% which is fine.
pH = log(4.5x18) = 1.35
For the CNconcentration, use:
Ka = 6.2x10° = [H][CN]/[HCN]

Remember, there is only one kind of THvirtually entirely from the nitrous acid) buteh
HCN system does not know that, and also rememilaenéry little HCN will dissociate.
Therefore:

6.2x10"° = (4.5x10)[CN-]/(1.00)

[CN] = 1.4x1G M

Percent Dissociation

Percent Dissociation = (amount dissociated (M)ahitoncentration (M)) x 100%

Examgsle: (14.10a) Calculate the percentage dissociatidhloM acetic acid, K=
1.8x10°.

Answer:

The major species in solution are LKOOH and HO

Acetic acid is much a stronger acid than wateitsscontribution to [H] dominates:
CH;OOH(aq) = H'(ag) + CHCOO(aq)

or HOAc(ag) = H'(agq) + OAdag)




K =1.8x10-4=[H][Ac J/[HAC]

The equilibrium concentrations will be:

[HOAC] = 0.1-A
H] = A
[OAc] = A

1.8x10* = (A)(A))(0.1-A) ~ A2/0.1

[H] = A = 1.3x16M

(The approximation is valid - check it!)

The percent dissociation = 1.3%X10.10 x 100% = 1.3%

For a 1.0 M solution, [H = 4.2xI* M and the percent dissociation is 0.42%. Noticg th
although the solution is nominally more concenttassd contains a large concentratio
of [H'], a smaller percentage of the acetic acid is dgtdessociated.

The next problem shows how to getfkom the percent dissociation:

Example: (14.11)

In a 0.1 M solution of lactic acid (HE503) 3.7% is dissociated. Calculatg. K
Answer:

15.The major species will be lactic acid and water.
16.The dissociation reaction is:

HCHsO; (ag)= H'(ag) + GHsOs(aq)
for which:
Ka = [H][C3Hs05]/[HC3H505]

17 The starting concentration, [HB505], = 0.10 M
18.The equilibrium concentrations can be taken as:

[HCsHs05 = 0.10- A
HT = A
[C3H503_] = A

19 We calculate A from the known percent dissociation:




3.7/100 = x/[HGHsO3], sox = 3.7xIdM

20.Now we can calculate K = (3.7x10)(3.7x10%/(0.10 - 3.7x16) = 1.4x10

* Bases

The hydroxides of all the group | and Il metalseptcBe are strong bases which
correspond to both the Arrhenius and Brgnsted-Ladefynitions. The Group II
hydroxides ionize to supply two Oroups and are not very soluble.

NaOH and KOH are common lab bases, and "slaked li@e&OH) is an important
industrial reagent used, among other things foioreng SQ from stack gases. It is also
used in combination with "soda ash",.8&; to remove C& and Mgf+ from "hard"
water:

CO“(ag) + HO() = HCO(aq) + OHaq)

CaO(s) + HO() = Ca(OH)(aq)

Ca(OH)(aq) + C&(ag) + 2HCG@(ag) = 2CaCQ(s) + 2HO(l)
The calculation of the pH of strong bases is thvia

Example (14.12)

Calculate the pH of 0.05 M NaOH solution. Answer:

The major species are N®OH and HO.

The OH coming from the auto-ionization of water can bgleeted, so:
[OH] = 5.0x1¢° M and

Ky = [H][OH] = [H](5.0x10%1.0x10"

[H] = 2x10"® sopH = 12.70

There are a number of substances which are ablecapt a proton from water because
they have lone pairs:

B:(ag) + HO() = BH'(ag) + OHaq)

They include ammonia and alkyl amines, and pyridoaebonate, phosphate and many
others:

K, = [BH]OHY/[B]

10




TABLE 14.3 Values of K; for Some Common Wealk Bases

Conjugate

Name Formula Acid Ky

Ammonia NH, NH,* 1.8 = 103

Methylamine CH.NH, CH,NH,' 438 x 107

Ethylamine C.H.NH, C,H.NH,' 56 % 107

Aniline C.H:NH, C.H:NH,* 38 x 107

Pyridine CHN CH:NH 17 % 10°°

(Table 14.3)  Values of K for Some Common Weak Bases)
Conjugate

Name Formula Acid Kp
Ammonia NH NH," 1'82(10
Methylamine CHNH, CHNH5* 4.4x10
Dimethylamine (CH),NH (CHa),NH,* 5.1x10
Trimethylamine (CHy)N (CHy)sNH" 5:3x10
Ethylamine GHsNH, CoHsNH;' 5.6x10
Aniline CeHsNH, CoHsNHs' 3.8x10
Pyridine GHsN CeHsNH* 1.7x10

Example (14.13)

Calculate the pH of a 15.0 M solution of ammoniavater.

Answer:

The major species in solution will be NENnd HO.

There are two sources of Obut much more will come from N

11




NHiagq) + HO() = NH,(agq) + OHaq)

Kp=1.8x10°=[NH,J[OH]/[NH ]

The starting concentration of Nl 15.0 m, and at equilibrium the concentratioms a
[NHs = 15.0-A ~ 15.0M

[NH,T = A
[OH] = A
Therefore:

A%15.0 = 15x1® so A = 1.6x1d = [OH]

We are OK on the 5% rule

pOH = log(1.6x18) = 1.8 so pH = 14-pOH = 12.2

Notice that only about 0.11% of the MHas reacted with water: bottles labelled
"ammonium hydroxide" are not really what they dagytare!

» Polyprotic Acids

There are many acids that have more than one laleith They are callegolyprotic.
The examples given are phosphoric acid whch isdtipand sulphuric and carbonic
acids which are diprotic. (Carbonic acid is virtyalon-existant because it dissociates to
CO, and water - not an acid/base reaction. Nevertheieis convenient to pretend that
solutions of CQin water are KLCO;)

COxMaq) + HO() = H,COs(aq)

They are characterized by successiys Which get progressively small€fable 14.4)t
naturally becomes more difficult to remove positveharged protons from acahions

TABLE 14.4 Stepwise Dissociation Constants for Several Common Polyprotic Acids

Name Formula K, K, K.,
Phosphoric acid H.PO, 155102 62 10°% 48 x 100"
Arsenic acid H:As0, 5% 1073 8 x 1078 6x 17"
Carbonic acid H.CO, 43 %107 56 x 10°Y

Sulfuric acid H.50, Larpe |

Sulfurous acid H.S0, 1.5 % 1072 1.0 % 107

Hydrosulfuric acid* H.S L0 x 107 ~107"

Oxalic acid H.C.0, 65 x 1077 61 x 1077

Ascorbic acid (vitamin C) H.C.H.O, 7.9 x 1072 16 x> 1071

*The K, value for HaS is very uncentain. Because it is so small. the K, value is very difficult to measure accurately.

(Table 14.9 Stepwise Dissociation Constants for several Canon

Polyprotic Acids
Name Formula Ka1 Ka2 Kas
Phosphoric 7.5x10 6.2x10 4.8x10
. HiPO, 3 8 13
Acid
Arsenic Acid HASO, 5x10° 8x10°® 6x10™°
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"Carbonic 4.3x10 5.6x10
7 11

acid"* HCG;

Sulphuric acid HSO, large 1.2x10
Sulphurous acid }BO; 1-5510 1-0;<10
;Ei)élqiosulphuric H,S 1.0;(10 1018
Oxalic acid HC,0, 6.5x10 6.1x10
Ascorbic Acid HCsH:O¢ 7.9x10 1.6x10

* These acids are G@nd HBS dissolved in water.

Phosphoric Acid

This polyprotic acid is typical in that its,K differ by several (5) orders of magnitude.
The result is that only the first ionization in wamakes a contribution to the hydrogen
lon concentration, and calculating the pH preseatsew problems.

Example: (14.15)

Calculate th pH of 5.0 M #PO, and the concentrations obPO,, HPQ? and PQ™.

Answer: The calculation of [Hin the usual way gives 0.19 M, thus a pH of 0(The
usual approximation is just OK.)

This yields [HRPOQ] = 5.0 - 0.19 = 4.8 M and a "starting" concentratof [H,PO,] =
0.19.

For the concentration of Habuse:

Kz = 6.2x1G = [H]HPO)/[H.PO,]

6.2x10° = (0.19)[HPQ@/(0.19) so [HPG] = 6.2x1CM
For the concentration of RDuse:

Kas = 4.8x10° = [H][PO,]/[HPO,]

4.8x10" = (0.19)[HPF]/(6.2x10%) so [HPG] = 1.6x10°M

Sulphuric Acid
13




This acid is unigue among the polyprotic acidetisin thaits first dissociation step is
complete- it is a strong acid. Two cases are illustratgedhe following examples: a
rather strong (1.0 M) solution of,BO, and a weaker one (1.0x1M) where the "usual"
approximation isiot valid.

Example: (14.16)

Calculate the pH of a 1.0 M solution of sulphurida

Answer:

The major solution species aré, HiSQ, and HO

The "starting" concentrations, since the sulphadid is completely dissociated are:

[H] = 1.0M

[HSO,] = 1.0

At equilibrium for theseconddissociation step they are:

[H] = 1.0+A

[HSO,] = 1.0-A

[SOST = A

Ko = 1.2x1G = [H][SO/)[HSOs] = (1.0 + A)(A)/(1.0 - A)

1.2x10° ~ (1.0)(A)/1.0) so A = 1.2x3M, which is 1.2% of 1.0 thus
acceptable.

Strictly, [H'] = 1.0 + 1.2x10, but, of course, only 2 significant figures ar@mpriate,
so [H] = 1.0 and the pH = 0.00.

Example: (14.17)
Calculate the pH of a 1.00xT0M solution of sulphuric acid.

Answer:
The major solution species aré, HSQ; and HO
The "starting" concentrations, since the sulphadid is completely dissociated are:

[H] = 0.0100 M

[HSO,] = 0.0100

At equilibrium for theseconddissociation step they are:

[H] = 0.0100 + A

[HSO,] = 0.0100 - A

[SOT = A

K = 1.2x1G = [H][SO,]/[HSOs] = (0.0100 + A)(A)/(0.0100 - A)
Attempt the usual approximation:

1.2x10° ~ (0.0100)(A)/0.0100) so A = 1.2%1d.

14




This is way over 5% of 0.0100, thus unacceptable.ai¢ obliged to go back and use th
full quadratic form:

A? + (2.2x10)A - (1.2x10H) = 0

The positive root is A = 4.5x19 so [H] = 0.0145 M, and the pH = 1.84

* Acid-Base Properties of Salts

Salts are ionic compounds which dissociate intg iarsolution. Such solutions are not
always neutral for a variety of reasons:

Salts that Produce Neutral Solutions

The conjugate ions derived from strong acids oebase weak, and therefore have no
effect on the acidity or basicity of solutions. @@ns of salts of Naor K" with any of
the strong acid anions: CHSQ,, NOs, etc have pH's of about 7.0.

Salts that Produce Basic Solutions

Consider a solution of sodium acetate. The majeciss present are NaCH;,COO and

H,O. Sodium ions will not affect the acidity, but tate is a ion derived fron a weak acid,

so it has significant base strength, and watelf iseveakly amphoteric, so we have the
reaction:.

CH;COO(agq) + HO(l) = CHCOOH(aq)+OHaq)

Ky = [CHCOOH]OH]/[CH;COOQO]

Now we know K, = 1.8x10°. We also know that = [H][OH] = 1.0x10". Therefore
[OH] = K,/[H"]. Substituting:

K, = [CHCOOH]K,/[CH3COO]H" = Ku/Ka

KaKp = Ky

Example: (14.18)

Calculate the pH of 0.30 M NaF solution, i6r HF = 7.2x10"
Answer: The major species in solution will be'N& and HO
F(ag) + HO() = HF(aq) + OHaq)

15
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Ky = [HFJ[OH]J[F] = Ku/Ks = 1.0x10%7.2x10* = 1.4x10"

"Starting" concentrations are:

[HF] = 0

[F] = 0O

[F-] = 0.30

Equilibrium concentrations are:

[HF] = A

[F] = A

[F] = 0.30-A

Ko = 1.4x10" = (A)(A)/(0.30-A) ~ A/(0.30) Therefore: A ~ 2xf0
[OH] = A = 2.00x16 M

pOH = 5.69

pH = 14.00-5.69 = 8.31, which is justtba basic side of neutral.

Base Strength in Aqueous Solution

HCN is a weak acid, k= 6.2x10' and, so CNmight be expected to be a strong base.|lt
really is not, K, = 1.6x10°. Why? Compare the two reactions defining theseifies:
HCN(ag) + HO() = HO'(aq) + CNaq)
CN(ag) + HO() = HCN(ag) + OHaq)
In the first, CN competes with kO for the proton from kD"; in the second CN
competes with OHor the proton from kD. These observations lead to the order of base
strength:

OH > CN > HO

Salts that Produce Acid Solutions

There are two types of salt that produce acidiatgnis:

Consider a solution of ammonium chloride which ggeNH,”, CI' and HO as the major
solution species. Chloride is neutral, but Ni4 the cation of a weak base and leads to
acidity in the resulting solution:

NHs(ag) + HO() = NH(ag) + HO'(aq)

Example: (14.19)
Calculate the pH of 0.10 M Nj&I solution. K, for NH; = 1.8x10°.

Answer: Major species in solution are NHCI and HO. Both NH," and HO can
produce H and, because NHis the stronger acid of the two, we must conster
reaction:

16




NH,(ag) = NHiaq) + H(aq)

Ka = [NH][H/[NH /]

We start with [NH'] = 0.10 M. At equilibrium the concentrations are:
[NH,7 = 0.10-AM

[NHj] = A

H] = A

Ko=K./Ky=1.0x10"/1.8x10°=5.6x10"

5.6x10'° = (A)(A)/(0.10-A) so A = 7.5xPM (OK by 5% test)

Therefore the pH = 5.13, just a little on the asiae

The second situation where acidic solutions ardymred occurs when a solution of a
highly charged or particularly small ion is invotizeAn example of this is a solution of
AICl,. This dissociates in water and the*Abn is strongly coordinated by six water
molecules. The polarizing effect of the*Amakes thes water molecules more acidic th
uncoordinated water:

AlCly(s) + 6HO() — [Al(HO)]”(aq) + 3Claq)

[AI(H:0)*"(aq) = [Al(H:0)s(OH)]*"(aq) + H(aq)
Given that K = 1.4x10° for this process, the pH can be calculated iruthal way.

(Exercise 14.20)

Finally, there are, of course, salts which are nfemi® a combination of a weak acid an
a weak base. Examples given in the book are ammoadagtate, Ammonium cyanide
and aluminum sulphate. The calcualtion of the pkhieer more complicated than the
preceding cases, but a qualitative answer can tagnald by comparing theof the
acidic ion with the K of the basic ion. If Kis greater than K the solution will be on the
acid side:

For example, consider aluminum sulphate: (from 14K, for [Al(H,0)e]** = 1.4x10°
Ka for hydrogensulphate is 1.2xi@nabling us to calculate,Kor sulphate as:

Ky = KJK; = 1.0x10%1.2x10° = 8.3x10°
Ka for hydrated Al* is greater than Kfor sulphate the solution will be appreciably
acidic.

e The Effect of Structure on Acid-Base Properties

There are perhaps three basic factors to consider:

Bond polarity - the greater the % ionic charadteg, stronger the acid.
17
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Bond strength - the weaker the bond, the strorigeatid.
Stabilization of the conjugate base anion - thgéidhe ion, the stronger the acid
because the negative charge can be delocalizechdasger volume.

These factors are not truly independent of eacérpbiut provide a way of looking at
trends among similar molecules such as:

Hydrohalic acids

Acid Bond Enthalpy Xx - % lonic Anion
(kJ mol™) XH Character* Radius (A)
HF 565 1.9 59% 1.36
HCI 427 0.9 18% 1.81
HBr 363 0.7 12% 1.95
HI 295 0.4 4% 2.16
Calculated using the Pauling formula: % lonic Ctea= (1 - exp(-0.2% - Xs)?)) X
100%
(Table

Acid strength is in the order:
H-F < H-Cl < H-Br < H-I

HF is the only weak acid in the series. The otlaeesall essentially 100% ionized in
water, but can be placed in the above order by uneastheir acid dissociation constant
in a non-aqueous solvent which is itself an a@dekample pure (glacial) acetic acid.

The explanation of the order depends on the balahttes three factors listed above. Th
bond strength and anion size criteria corresporddmbserved order, while the bond
polarity criterion runs counter to the observedeord

HYPOChiQIQUS 1 4 sHOCEOmE OByaxIdE

acid

Name Formuia Ka
SU_'F%U”F (HO)SO, Large
B@d:hlorlc HOCIN Straonn
gﬂf?ohurous (H O 1 5x1C;
atifbric acid H8E?Q ~1

Bhrsr@gidacid HENSO llapya0
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Oxyacids Nitrous acid HONO 4.0x10

TABLE 14.8 Several Series of Oxyacids and Their

K, Values
Oxyacid Structure K, Value
e
HCIO, H—0—CL0 Large (~107)
\Cl
/O
HCIO, H—0—CI =
\
(&)
HCI0, H—0—Cl—0 121072
HCIO H—0—Cl 35 x10°F
O—H
H.50, I—I—O—ST() Large
(]
/D—I-I
H,80, H—0—S. 1L.5x 102
- N
(6]
0
HNO, H—0—N’ Large
0
HNO, H—O—N—0 40 x 10+

The other oxygens increase the effective electratinaty of the one carrying the
hydrogen thus increasing the bond polarity (andkeemg the bond).

For a related series, e.g. HOCI to HOg;lthe more oxygens that there are, the more t
negative charge on the anion will be delocalizedgad out), so the stronger the acid.
Thus, for perchlorate ion, it is possible to dramatural (Lewis) formulae placing the
formal negative charge on any one of the four orggd&he weaker acids have fewer

oxygens on which this charge can be placed.

19




TABLE 14.9 Comparison of Electronegativity of X and K, Value for a
Series of Oxyacids

Electronegativity
Acid X of X K, for Acid
HOCI Cl 3.0 4% 107°®
HOBr Br 28 2% 107
HOI I 235 2% -
HOCH, CH, 2.3 (for carbon in CH,) ~ 10"

(Table 14.9) Electronegativity and Acid Strength
Acid

Name (HOX) Xx Ka
Hypochlorous HOC| 3.0 Ax10°
acid
Hypobromous HOBr 2.8 2x10°
acid
Hypoiodous HOI 25 ox10%
acid
Methanol HOCH 2.3 ~10%

(€)

Comparing a series of similar oxyacids with diffgrihalogens shows the effect of
electronegativity in isolation:

* Acid-Base Properties of Oxides

In the previous section, the HOX containing compisuall featured an electronegative
X. When X is a metal, the metal-oxygen bon is niiedy to breakheterolyticallyto
give the metal cation plus an Ogtoup.

When a non-metal oxide (often called an acid anbdgjlidissolves in water, the product
Is an acid. Examples are &0, SG;, NG, etc).

When an electropositive metal oxide dissolves itewat is effectively the ®ion
reacting with the water to produce OHxamples are CaO ang®

e The Lewis Acid-Base Model
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There is one other important acid-base definittonammon use: the Lewis definition.
An acid is an electron pair acceptor and a baaa eectron pair donor. The Lewis
definition includes Brgnsted-Lowry acids and bagasexample a proton (acid) and
ammonia or hydroxide (base), but extends the rahg®lecules covered to include
many containing no acidic hydrogen. Examples ineladids Bg, BeH,, which contains
hydridic (H) hydrogen.

e Strateqy for Solving Acid-Base Problems : a Sumnmg

This is a review and will be left to the studenstody.
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