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Acids/Bases

Acid-Base General Properties Topic#9

Acid - Latin (acidus) for "sour."
Alkali - Arabic for ashes (ashes dissolved in wate produce a solution that feels slippery and taste bitter.

Acids Bases
epH<7 epH>7
o [H] > 1.0x10"M e [H+]<1.0x10"M
* [H'] > [OH] *[OH]>[H']
® blue litmus paper red e red litmus paper blue
® taste sour ® tast bitter
® corrosive e feels slippery
e react with bases to produce water and a salt e react with bases to produce water and a salt
® phenolphthalein is clear in acidic solutions (pH < 7) @ phenolphthalein is pink in basic solutions (pH > 7
e react with active metals (Zn, Fe, alkali, alkaline e Strong bases are strong electrolytes
earth, etc.) to produce hydrogen gas and a soluble ® Weak bases are weak elecrolytes

ionic compound.

¢ hydronium ion is present in great quantities (one can
use either [H™] or [H;0"] to represent the
concentration of hydrogen ion in solution

e Strong acids are strong electrolytes

e Weak acids are weak elecrolytes

e React with carbonates to produce CO,(g)

® React with sulfides to produce H,S(g)



Acids/Bases

Acid-Base Theories Topic#9

Acid - Latin (acidus) for "sour."
Alkali - Arabic for ashes (ashes dissolved in wate produce a solution that feels slippery and taste bitte

Arrhenius Acids/Bases:
® Acids produce hydrogen ions in aqueous solutions, while bases produce hydroxide ions.
e Only applies to aqueous solutions and allows for only one kind of base - the hydroxide ion.
m Strong acids:
¢ Binary: hydrochloric acid, HCl(aq), hydrobromic acid, HBr(aq), and hydroiodic acid,HI(aq)
e Oxyacids: nitric acid, HNO;(aq), sulfuric acid, H,SO4(aq), chloric acid, HCIO;(aq), and
perchloric acid, HC1O4(aq)
= Strong bases:
¢ Group [ hydroxides: LiOH(agq), NaOH(ag), KOH(aq), RbOH(ag), CsOH(aq)
e Middle 3 Group II hydroxides: Ca(OH).(aq), St(OH):(aq), and Ba(OH).(ag)

MEMORIZE THE STRONG ACIDS AND BASES!!!!



Acids/Bases

Acid-Base Theories Topic#9
Bronsted-Lowry Acids/Bases (BL)
¢ Acid donates a proton (proton donor)
® Base accepts a proton (proton acceptor)
m After an acid donates a proton, it becomes a conjugate base as a product in an acid-base reaction.
m After a base accepts a proton, it becomes a conjugate acid as a product in an acid-base reaction.
e General BL acid-base equation: A+ B < CB + CA
¢ Conjugate acid-base pair: H,O and OIT, H;O" and H,O, HNO, and NO,"

H® H 3

HiO: + @ — = 8 + 25
o)

H 7/ H -

acid base conj. acid conj. base

conjugate pair
| |
HCI 4+ NH, NH; + CI™
acid 1 base 2 acid 2 base 1

conjugate pair




Acid-Base Theories

Lewis Acids/Bases
® Acid is an electron pair acceptor.
m All transition metal ions are Lewis acids.
® Base is an electron pair donor.

electron pair donor
Lewis Base

H
S |

T F

—B 4+ N—H T F—E‘i—\’-J—H
| R
F F

|
H

electron pair acceptor new covalent bond

Lewis Acid
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Acids/Bases

Acid-Base Theories Topic#9

Acid dissociation constant, K,, is a measure of the strength of an acid.
@ The strength of an acid depends on how readily it can donate a hydrogen, H, to another species.
m A K, > 1 indicates a strong acid (SA)
® SA include Hl(aq), HBr(aq), HCl(aq), HNO;(aq), HC1O4(aq), HCIO;(aq) and H,SO4(aq).
¢ SAionize 100% into H" (H;O", hydronium) and the acid anion (A")
e Written as a complete reaction: HCl(aq) 2 H'(ag) + Cl'(ag) with K, >> 1
¢ [n binary acids (an acid with just two elements, one being H) (H-X), the strength of the acid
depends on the strength of the bond between the H and the second element. To determine relative
strength, use the size of the atom attached to H. The larger the atom attached to H, the weaker the
bond between the H and other atom. Weaker bonds makes it easier for water to remove the
hydrogen.
m Please order from weakest to strongest: Hl(aq), HCl(aq), and HBr(aq)
¢ [n oxyacids (H-O-X), the strength of the acid depends on the number of oxygens attached to the X
element. As the number of oxygens increases, the O-H bond becomes weaker and more polarized,
so the H is more easily removed by water.
® Please order from weakest to strongest: HC1O;(aq), HC10;(aq), HCIO(ag) and HCIO4(aq).
e What if the X is the only difference between the acids (HOCI vs HOBr)?
® Then the strength of the acid depends on the EN values of the X. The greater the EN value, the
greater the attraction of electrons. This weakens the O-H bond resulting in a higher acid
strength.
® Please order from weakest to strongest: HOCl(aq), HOI(aq), and HOBr(ag).



Acids/Bases
Acid Strength Due to Structure Topic#9

Table 14.7 | Bond Strengths and
Acid Strengths for
Hydrogen Halides

H—F 565 Weak
H—Cl 427 Strong
H—Br 363 Strong

H—I 295 Strong

e

strength
dependent
on bond
length

strength dependent on the
electronegativity of central atom



Acids/Bases

Acid Strength Due to Structure Topic#9
Cl—0—H Hypochlorous Chlorous Chlo[ic

O
& P R | S

O—Cl—O—H Ka=30x108 K,=11x102 Strong acid

Increasing acid strength .
‘ The O-H bond becomes

more polar as the number
Cl—O—H of oxygens around the
O/ central atom increases.

O—Cl—0—H
7

Perchloric
:?:
H—O0—CI-0:

Strong acid



Acids/Bases

Acid Strength Due to Structure Topic#9

Factors Affecting Acid Strength

7 7 Inductive effect
- ““‘"“}j"f"‘-‘ Acid Strength
In oxyacids, in which “ - ’ v @ x-soxw
an -OH is bonded to H-O4  H-O-Br H-OCI

another atom, Y, the m ) . 25 2.8 3.0
more electronegative 0 - ° ‘@GP K- N —

: S - - Electronegativity of Y’
Y is, the more acidic gativity

the acid. TABLE 16.6 = Electronegativity
Values (EN) of Y and

Acid-Dissociation Constants

Acid EN of Y K,
HCIO 3.0 3.0x10°8
HBrO 28 2.5 X 107° ,
HIO 25 23X 10711 Ak
and
M

© 2009, Prentice-Hall, Inc



Acids/Bases

Weak Acids Topic#9

e A K, <1 indicates a weak acid (WA)
® WA include HCN(ag), HNO»(aq), HF (aq), H;POu(aq), HSOs (aq), HOCl(aq), HC1O,(aq),
CH; COOH(aq) (HC,H;0s(aq)), and NH, (aq).
® These are the most common WA used on the test.
= WA only partially ionize (usually under 10%), so WA are in a state of equilibrium.

o Written as an equilibrium: HCN(aq) + HZO(? & H;0%(ag) + CN-(aq) with a K, = 6.2x101°
= 4% 1o onires

e General equation for a weak acid: HA 2 H" + A
weak acid hydrogenion weak acid anion
i -
¢ Equilibrium expression for a weak acid: K i w
a [HA]
No. Acid K pK;

1 Hydroiodic acid (HI) 3.16x10° 95
2 Hydrobromic acid (HBr) 1.0x10° -5
3 Hydrochloric acid (HCI) 1.0x109 -6
4 Sulfuric acid (H,SOs) 1.0x10° -3
5 Hydronium ion (H;0%) 55 -1.74
6 Nitric acid (HNO;) 28.2 -1.45
7 Trifluoroacetic acid (CF;COOH) 5.62x101 0.25
8 Oxalic acid (HOOC-COOH) 5.37x102 1.27
9 Acetic acid (CH;COOH) 1.75x105 4.76




Weak Acids

Quatities of HA, H', and A~ @
equilibrium: SA vs. WS

Strong
acid

acui

HA
HA

dlssuclauun

dls sociation
(equilibrium)

HA
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HA HA HA vt A H HA o+ =
& = o 1-[ H A
HA A HA A H X HA
Gl
HA HYHA WA A K Iy
- H +
HA ga & W u L
HA HA HA A
Concentrated weak  Cgncentrated Dilute weak acid - Dilute strong acid -
aﬂd: alot present, strong acid - a lot little acid present much acid present
h}:t htt'le ) ) presentwith alot of  withlittle dissciation  gj¢h a high degree
dissociation of acid  dissociation to form  of acid of dissociation
many hydrogen ions




Acids/Bases

Formula Page Topic#9
Various Ways fo Describe Acid Strength HA =

. = weak acid hydr

Property Strong Acid (SA) Weak Acid (WA)
K, large small
K(! =

Position of the ionization far to the right far to the left
equilibrium
Equilibrium concentration of [H'] = [HA], [HT] << [HA],
[H*] compared to [HA],
Strength of conjugate base A"~ much weaker base A" much stronger base
compared to water than water™ than water™®*
*Does not react with water A+ H,O 2 NR
**Does react with water A +H,0 <~ HA+ OH

Note: When an ion is a stronger base or acid than water, hydrolysis of water by the ion occurs.
This is a Bronsted-Lowry acid base reaction
® an anion reacts with I, O to form OII" ions or a cation reacts with I1,O to form H- ions
e the acid/base strength of an ion depends on its parent acid or base. The stronger the parent acid/base
the weaker the conjugate base/acid. Ex. I comes from HF which is a weak acid so I~ is a stronger
conjugate base than Cl- which comes from the parent acid, HCL.
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Acid Strength
Conjugate Base
Strength
ACID BASE
As the strength of the acid, increases Hol — Waor
the strength of the conjugate base swong | B T Wamsor Negigble
decreases. In other words, the ability HNG;  — o,
of the conjugate base to react with CROT T wawp
£ r . —_— H* + 802~
water decreases as the strength of its P i
oo HSO. — s _ Very Weak
acid increases. T Dl N |
HPO,  —=  wimpo-
. HF TP J
e Cl- is a very weak base (does not " . .
: CHEOOH = 1, cHooo-
react with water. Woo, =
: =  H'+HCOs
e [~ is a strong enough base to react L = 4.ns
with water to create HF _ ] wsor = son Woak
molecules and OH- ions. HPO- == ey ppop
Mg+ = 4 4NH, )
HCOy- 2— H +Coz-
Medium
Very Weak 4 HPO2- == 4 PO
HO 2= WaoH
{ HS™ — 445" Strong
Neaghgit:le
E OH" — Wao"




Acids/Bases
Acid-Base Theories Topic#9

Acids-Bases Sample WS#1 - Introduction to Acid-Bases
1. Write the simple dissociation (ionization ) reaction with water for each of the following acids and label the
acid (A), base (B), conjugate base (CB), and conjugate acid (CA):

a. hydrochoric acid (HCI) H Cl( "L\ + HQ 0 (1) — H 3 O"'(.s\ + C( -(at)

b. acetic acid (ethanoic acid) (HC,H; O, and CH;COOH) N i
ClAsCOOH C-MJ + H0 = L, u3coo (‘2_\ + H3O ("1)
A it <H CA
c. the ammonium ion (NH;") v
NHG* o)e H0() = NH3Gpde 3 0%ay)
A i' B C A
d. the anilinium ion (CsHsNH;™) 0*(‘1:

" s He NH, Gy)+ M
G.H%NHS <<L““§°f”*‘ft‘g% R

e. methyl amine (CH;NH,)

CHyNH, (ag) + He (= CHNH () + 0RGg
B A CA C8



Acids/Bases

Acid-Base Theories Topic#9

Bronsted-Lowry Acid-Base Reactions Practice Problems

2. Identify the acid (A), base (B), conjugate base (CB), and conjugate acid (CA) in each of the following
reactions.

a. NHs(aq) + HNO»(ag) & NO» (ag) + NHy " (aq)
B A ()} CA

b. ILPO, (ag) + HCl(ag) = HsPO4(aq) + Cli(aq)
B A CA )

¢. CI;NH; *(ag) + H,0() ¢ H;0%(ag) + CH:;NH,(aq)
A B CA CB

d. H,PO,(aq) + H,O(l) < H;0*(ag) + HPO,*(aq)
A CA

Amphoteric Species
e A species that can act as a BL. acid or base
e Has the ability to donate a proton, H+, (acid) or accept a proton (base).
¢ Examples include H,PO,!'-, HPO,*, H,0, HS!-, HSO, !,



Acids/Bases

Acid-Base Theories Topic#9

Acid-Base Reaction Product Prediction Practice Problems
3. Predict the products of the following acid-base reactions and identify the acid (A), base (B), conjugate base
(CB), and conjugate acid (CA).

a. PO (aq) + HO() > HP09* (64)+ OH (a
B A CA ¥ cR 2

b. HS"(aq) + NHs(aq) > S"C-.,_) + NHy"Cag)
A B Cco CA
c.NHs*(aq) + S*(aq) > N )«-\3 (‘L§ + H S‘(.-.z)
A B C8 CA



Acids/Bases

Acid-Base Theories Topic#9

Relative Base Strength Practice Problems
4. Arrange the following species according to their strengths as bases: H,O, F-, Cl-, NO;", and CN".
K, (HF) = 7.2x10™, K, (HCI) >> 1, K, (HNO,) = 4.0x10", and K, (HCN) = 6.2x10"°
(D Oeder accoer d‘anj ¥o ocid strength.
HCl > HF > HNO, > HCN

() Wrte +h 4" ob vhe ocid (The
Conjungate base) and reverse vhe
symbo |-

Cl- £ F < Noy~ < CN-°
Hay 0 . .
(D Place H,0 between the (B it will
reactwith and the first (R i+ does
~net react LWiYh,

Cl™ < M0 <F K Noy <N



Acids/Bases

Calculating pH/pOH/[H;0"]/[OH'] Topic#9 Self Ionization of Water @ 25°C
Kw=[H"]x[OH] = 1.0x10%

Acids-Bases Sample WS#2 - pH/pOH/[H;0*)/|OH7] Neutral solution: [H*] = [OH

Acidic solution: [H*] > [OH]

[H*] and [OH] Practice Problems Basic solution: [H"] < [OH]
1. Calculate [H*] or [OH] as required for each of the following solutions at 25°C, and state whether the
solution is neutral, acidic, or basic.

a. 1.0x10°M OH- b. 1.0x107M OH c. 10.0M HT o
El'\.;o"l: Kw [on) = r_:::ot] Lhyotl: m,‘zm-,q
CoM™) it fon):s 1200
o DR ID-N. 2 = Loyip” £0
T TloxsS 7.0% 077 = XD 'r’l"l

sloxo = 1. oxz6 M Hz0°
|Y\cu'\'r~\| iAc:J'.cl



Acids/Bases

Self Ionization of Water @ 25°C
Kw = [H] x [OH] = 1.0x10*
Acids-Bases Sample WS#2 - pH/p OH/[H;0*)/[OH:] Neutral solution: [H*] = [OH]
Acidic solution: [H*] > [OH]
Basic solution: [H"] < [OH]

Acid-Base Theories Topic#9

2. At 60°C, the value of Ky 1s 1.0x10-13.
a. Using Le Chatelier's principle, predict whether the reaction 2H,O(7) < H;O"(aq) + OH (aq) is
exothermic or endothermic.
b. Calculate [H'] and [OH] in a neutral solution at 60°C.

(@) Since ¥he K increased from 1.0x10" "1 4o L0x10713 ivh
an increase of temperature from 25°C 40 b0%C, +he

jonizakion o4 water 15 endothermlic

(b2 Cr*d[on) = LOx ™"

xt= j.oxwo"?

X == Loxw0o™>
-7

Xz 3.2

3.2x/07 M = {H)={ox)



Acids/Bases

Acid-Base Theories Topic#9

The pH Scale ACIDS, ALKALIS, AND THE pH SCALE
o-14 = T I

= log, I Addingar

e pH is the measure of the hydrogen content T Q - )
of a solution. =, @ o o . ; )
¢ Best method of measuring pH 1s by using a =1 o e el
pH meter. IR fr——
e pH < 7; acidic solution 2@ . - @
e pIT> 7; basic solution S QO -
OpH ks -10g[H+] NEUTRAL o i — o @
¢ pOH = -log[OH"] 1510 T
epH +pOH = 14 = TG . .
° [H+] =101 Q: g 1x10 T T g
5 _pOH ik 0001 1x10 seda
¢ [OH] = 10" o @ mm So——
< @
| 0 e @

®
=)
R0
#(1)



Acids/Bases

Acid-Base Theories Topic#9

3. Calculate pH and pOH:

a. 1.0x10°M OH c. 3.0x10*M H*

b. 1.0M OH" d. 5.5x10*M OH-



Acids/Bases

Acid-Base Theories Topic#9

4. The pH of a sample of human blood was measured to be 7.41 at 25°C.
[H], and [OH"] for the sample.

Gon NT-
pH=7.4l Pon‘i-s*‘
95 =’
[ow)=10"

Solve:  pOM = 14-29) = L-81

Calculate pOH,
Un &
pok: 65T
[wr)= 27 2™

[eH) = a .L.X/o'?m

E -¥
(W)= 10" Loy kx0T

.59

Lowd=10"

- Q.L;)HU-

29

w



Acids/Bases

Acid-Base Theories Topic#d [ Condr dAx06.03D70.000
Calculating the pH of Strong Acids/Bases Practice Problems p oM-=- {; R oLo)> L 7_‘2-;
5. a. Calculate the pII and pOH of 0.10M IINO; pr- H -12v = 1218

b. Calculate the pH and pOH of 1.0x10""°A/ HC1
c. Calculate the pH and pOH of 0,

d. Calculate the pH and pOH of 0.10M NaOH r - Eﬁ]
e. Calculate the pH and pOH of 0.00450)M KOH £
f. Calculate the pH and pOH of 0.030M foa(OH)z 4 Co W, . o PDH- .00
a. [w)=Cwad  pu= 1 ' EH = 13.00
1= 0,0M poH=13.2° loa (oD
< 6.0045° fr=-loglo
e. Cond~ 6.00432 ::H . _,,3(0 20)
o. C\P}.;_OWO"O fl'\'= 10 PO ph=2.347
ok >4 pH 14-2.347
-ley (0- p38) = 1.5°2 - w

c. (m):06.032 pH° 8
P?ol.l-m’ ]92= 2.4



Acids/Bases

Acid-Base Theories Topic#9

Percent Ionization
o Amount of acid/base that has ionized
® SA/SB ionize 100% HA=H'+ A B+H ,O>BH *+OH
® WA/WB ionize under 10%, with most under 5% }
*%ionized=[H'] x100% or [OH] x100% L _[H'1[A"] _[HP x _BH'IOH ] _[oH]?

[HA Bl S Z I G ey Bl
® Rule: under 5% ionization you can get rid of the +x ,
when solving for an equilibrium concentration of H* [H] = VK, [HA] [OH] =/ K, [B]

or other species.
e Use K, to solve for [H*] or Ky to solve for [OH-].

p Jonization (Dissociation) Practice Prob]

6. Calculate the percent dissociation of acetic acid (K, = 1.8x107) in each of the following solutions.
a. 1.00M HC,H;0» (Ans: 0.42%)

Cu* )=~ (RDLuAY, =\ (sxwsX) = 0.0092

%7 ionized- (1 s x 10070 = 0 0:0042_ 10070~ leLIZ 7o nonﬂ-té)
(Ha, oo
b. 0.100M HC,H;0; (Ans: 1.3%)

Cwd = NG axm)(6.106): 0-00 134
Q_E%xloo%- |I 37 lom‘ué)
0.




Acids/Bases

Acid-Base Theories Topic#9
Falsilativeticaiiofa ek AEs
® set up as an equilibrium ,
o [H'] = (Ka x [HAJ)"” [H] = JK, [HA]

® Check for % ionization
o [f'less than 5% you are OK, if not set up equilibrium
expression and use quadratic equation.
m % ionization = [H'] x 100%
HAL

Calculating Percent lonization

H,O*
« Percent ionization = %‘- x 100
[ ]inltial

* In this example,
[H;0%]q =4.2x 103 M
[HCOOH]; 4 = 0.10 M

.. 42x10°
Percent ionization = “ 010 * 100

=4.2%



Acids/Bases

Acid-Base Theories Topic#9

plIl of a Weak Acid Practice Problems
7. Calculate the pH of a 0.100M aqueous solution of HOCI (hypochlorous acid) (K, = 3.5x10°).
Major species: ?]H 20 o
Species producing H:  H O €] (»4) = HT+ OoCl & 2_\
Write Equil Exp for dominant rxn: KL= Cw *JLocI?
Set up RICE table: Lo W

g
' |l Z = I
Use [H'Iz\'I‘KJ.[HA] - [ “'q] - 3-5’*[0-,)( o.lj gqxl

-5
Check 5% rule: _S_gﬁﬂ__ w0072~ 0.0 51%
o

Solve for pH: PH - ‘03(‘5-‘1}‘/0 -5) = 4 227

(Ans: 4.23)



Acids/Bases

Acid-Base Theories Topic#9 H(,C? = H"' N
PR¥, 2 MY+l -

8. Calculate the pH that contains 1.00A7 HCN I.i = 6.22xand 5.00M HNO; (K, = 4.0X1Q. Also

calculate the concentrations of cyanide ion in this solution at equilibrium. (Ans: 1.35 and 1.4x10°M)
Major species: HCN I Hz0 [ HN 2
Species producing H':  ¢ino,, y
Write Equil Exp for dommant xn:  Ka | J
Set up RICE table: LD,

Lo A7 M

Use [HT] = (K, x [HA])"%: C W)=Y “owet £5) )
R hew = HT FCN

Check 5% rule: T q,-rvu"' o
; -2
Solve for pH: PH =" ’oj (4.47 x4 2.) :‘ -:351 C 1-x 9470b +v *¥
-2
(.H’JLCN) & ™ Yyrmp sk v

i) Hl' ] -
(,' )l(: llxll)—l_ CCN'_.\ 1. 3)( D %m
(4.97x9?



Acids/Bases

Acid-Base Theories Topic#9

Calculating K, f P I
9. Lactic acid (HC;Hs0s3) 1s a waste product that accumulates in muscle tissue during exercise, leading to
pain and a feeling of fatigue. In a 0.100M aqueous solution, lactic acid is 3.7% dissociated. Calculate the

value of K, for this acid. i (Ans: 1.4x10)

M\

aﬁzzm HA g, - [r3LAd =

i 4 LHaD _

HA z & - A

0.100 ei' 0.10p o

Yy 0.0%7 ¢ 5 2

—_— ¢ o.wo ¢ 09037 O. o377

*A- . (0. 5037)(0-0037) - ) X

O
Ky - @00373(000373‘
0.0 ‘llz'i



Acids/Bases

Acid-Base Theories Topic#9
Bases

e Strong Bases (SB) completely dissociate
® All are ionic compounds (LiOH, NaOH, KOH, RbOH, CsOH, Ca(OH),, Sr(OH),, and Ba(OH),)
= NaOH(s) = Na'(aq) + OH(aq)
= [B], = [OH]g

e Weak Bases (WB) partially dissociate (ionic compound: Mg(OH),(s) < Mg*(aq) + 20H(aq))

or ionize (molecular compound, CH;NH,(ag) + HyO(/) < CH;NH; (aq) + OH (aq))
(methyl amine)
® WB need to be set up in a RICE table
e The [OH"] can be calculated by using the K, (measure of the base strength).

oK. =K. x Ky = 1.0x10"1) NHy [0y

B(ag) + H;0(aq) = BHYqy + OHZ0 [OH] =/ K, [8]

 [BH*][OH"]
K =g



Acids/Bases

Acid-Base Theories Topic#9

Topickd S le WS#3 - pH of B Practice Probl
1. Calculate the pH of a 5.0x10-2M NaOH solution. (Ans: 12.70) ol
bour AT Unt
K el 3 -] 0”'] = o | 0
CNVa0k) = Lot S oxis P;:_ ,4?,504 pH=- 12

S‘_G_M: PoH:-Ip’[SJX/O'z)"' |‘30

pH=14-1303 [2.70

2. Calculate the pH, pOH, and percent ionization of a 15.0M solution of NH; (K, = 1.8x107%).
loun NT (Ans: 12.20, 1.80, and 0.11%))

1501 = O3] Nig+H,0 2 NHgT+ OH” . k2l 30
% o

Kp: L8asS )=~ Kb lel, e 27
42 -
sohe.  Cond)= Thom D05)7 [C9xp MOK 7-p = 0113,

gl :.a‘lw")-‘ & et _
izl iz ——g— MO0

pH= 141797 122)




Acids/Bases

Acid-Base Theories Topic#9
3. (OYO) Calculate the pH, pOH, and percent ionization of a 1.0M solution of methylamine (K, = 4.38x107%).
N7k Ans: 12.32, 1.68, and 2.1%

&u:.‘)' 1.0M CHanty + Hy0 & Cly Ny Pvo ™ (M' ’

LNl = /. pH i2.32

Hb: ‘f.?;S‘/wJ'q fﬂ»j= v K_bLSl Pﬂ”: L%

70 im s \1'0
<ol
p 6209 o H’D-. 4. 23”0.‘.’)(‘6)
AT 0 X/0067 - §.0007 Mokh”

4 fO#-—-lajlﬂ.OZ(ﬁ)‘ .S

oH: [4-1.LY ~ 232



Acids/Bases
Acid-Base Theories Topic#9

Consider the dissociation of phosphoric acid.
HiPOyaq + H:Op = HiO'aq + HiPOy ag Ku =7.5 % 1
¢ acids with more than one acidic hydrogen H:POiag + H:On= HiO'ug + HPO ag K2 =621
¢ most common: H;PO,, H,SO,, H,SO;, H,COs, and H,C,0,.  HPO ag + H:Op = HiO'ug + PO ag) Ky =48 <1
e Acids with more than one ionizable hydrogens, will ionize in steps.

iy — 225
m Two acidic hydrogens, two equations with water
m Three acidic hydrogens, three equations with water = : e -l
e For each equation, a K, value exists. K; = Ka1 X Kaz X etc. U / [-ISOLf Hs ('KD‘)
e Generally, Ky > Ky > etc.
¢ Can calculate pH, [H™], from first reaction for high concentrations of the acid. /“ﬂ uso"i

e For low concentrations, check for 5% rule after first solution for [H'].

Name Formula K., K., K,
Phosphoric acid H;PO, 751072 6.2 % 1078 48x 101
Arsenic acid H3AsOy 5. 1053 8§ x1078 6 x 10710
Carbonic acid H.C X 1077 56 X 15
Sulfuric acid M
Sulfurous acid H,SO3 e LU By 0
Hydrosulfuric acid* H,S 1.0x 1077 ~1071?

Oxalic acid H,C,0,4 6.5 102 61 %1073
Ascorbic acid HyCeHgOg 79X 1075 1.6 X 10712
(vitamin C)

*The K, value for HaS is very uncertain. Because it is so small, the K, value is very difficult to measure accurately.
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Calculating pH of Polyprotic Acids Practice Problems
4. Calculate the pH of a 5.0M H;PO, solution and the equilibrium concentrations of the species H;PO4, H.POy
HPO,?*, and PO,*. (Ka1 = 7.5x107, Ky = 6.2x107%, and K,; = 4.8x101%)
(Ans: pH = 0.72, [H'] = [H,PO,"]=0.19M, [H;PO4] = 4.8M, [HPO4*"] = 6.2x10%, and [PO7] = 1.6x10°

(work on next page)
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Salt Hydrolysis L B
e A salt is created from an acid-base reaction (neutralization) NN N acidic
® Occurs when a salt dissolved in water changes the pH of water N H.._l cl
 One of the ions from the salt reacts with water to form H' or H
OH ions. € ;‘E’)
e Cations from SB DO NOT react with water. SA + 8B --> neutral salt and wd

& Na®, K7, Ca™, S, etc. _ S84 + WB --> gcidic salt and water
e Anions from SA DO NOT react with water. salt will lower the pH of the solution

a. Cl', Br, NO;-, SO,%, etc. > 7, ”H."C|
HC) + NHgnNo, H04
H 6@ <G—
N0 NH,_’"‘ +H0 T N« 5o

boas i
Na (a u’ 6’- o SB + WA ---> basic salt and water

\"1 CQ (Zégg salt will raise the pH of the solution

WA + WB --> salt and water (2H30£ +* I"r<_0 = K cQ“j Oy, OH"
salt affect on pH is determined by the K,and K
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o i 3 Topic#9 :
Acid-Base Theories P Clialitative Pr ed; P

tion of pH for Solutions of
Salts for Which Both Cation

How to do a "quick" determination of whether a salt
will produce an acidic or basic solution.

1. Determine parent acid by adding an "H" to the anion. and Anion H?ve Addic ot
Ex. NaF, HF is a WA. Basic Properties
2. Determine parent base by adding "OH" to the cation. K,> Ky pH < 7 (acidic)
Ex. Nal, NaOH is a SB. i pH > 7 (basic)
3. The "strong" part determines the nature of the solution. K, = Ky pH = 7 (neutral)
Ex. Since NaOH is a SB, the Nal* solution is
basic (pH>7). Neutral Salts - a salt created from a SA and SB.
Why? Na™ DOES not react with water NaNOj;: HNO; + NaOH
while I~ does react with water: Basic Salts - a salt created from a WA and a SB.
F-(ag) + H,O(l) 2 HF(ag) + OH (aq) KC,H;0;: HC;H;0, + KOH
4. If both parent acid/base are from weak acids/bases then  Acidic Salts - a salt created form a SA and a WB.
you have to look at the K, and Ky, values of the parent NH,Cl: HC1 + NH,OH
acid or base.
a. If the K, > Ky then the solution is acidic. Example: What is the qualitative pH of Fe(NO;);?

b. If the K}, > K, then the solution is basic.
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Determination of a Salt as Acidic, Basic, or Neutral Practice Problems.
5. Predict whether an aqueous solution of each of the following salts will be acidic, basic, or neutral. Prove
with appropriate equations.
a. NaC2H302
b. NIL,NO;
c. NH,CN (K, (HCN) = 6.2x10'° and the K, (NH3) = 1.8x107)

&) Mﬁ. Czuaoz Pﬂrfﬂ“- A::A -l‘ H C; "301 CUJA)
Parent Base i% Va0 H (s8)

Sinee +he ‘n..rc,ﬁ Case 1S S-l-v-ang and Par-cn.'i’a.c-'cl s

wWeak , Yhe sald wh i proJuc-e abasic sofwdion.
= NNHMOS Since whe Parcnl-acid is Stvony and

Parent acid : HNOg (sA) - Pa.rfM"’ Lact IS -w:gq_)c \ m-“”
Parent base : MH?OH(WB) will ?(oakce an acidic Solution.

¢) NW,CN ] .
( PA:L’J- q,g_'.A'. H(N(uﬁ) K“ (H(N\ < Yb (N“s\ 'fkf Solll“' o w, “
: e bagic. This means (N7 5 a moreg
fameshsyet NI-lqu—\(uB) eflectbase ¥mm NHG* isan eflect aci).

(NH3 . ”20)
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6. What is the relative pH of a solution created by adding the salt, NH,F, is added to water? (K, (HF) = 7.2x10*
and K, (NH;) = 1.8x107)

farmmbmeids HECHR Ke (HF) > Ky (WH5)

Purtn.‘l' base : MUc’OHCwB) The soludion ws Il be A_C;él'f-,
(M¥3 + Hy0)  becanse NMg* s a move effeckne
oc.d vhan F Tis abase

= = - ) -l
F {‘I'B)"’ HaOl‘) = }'i F(ﬂi’) + OH (.b) Kb (F)=- :Iolf)_&i‘,zb.q - lol'h“D

-149 -lo
’U”ci"(%)*i- Haole) = N”3 51_)" H3o*faa) Ka (NHy )’ %= 5.(w0
S_GVID‘“, by lHIID‘"

Km(-unqc) S KB(F‘)
(ac:é:c.)
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Hydrolysis Reactions (Anion/Cation Reaction with Water)
Write the hydrolysis reaction for the salt NaCN.
Parent acid:
Parent base:
Which is weak:
Use the anion of a weak acid or the cation of a weak base to write an equation based on its reaction with water.
Cation (conjugate acid) reacts be donating an H™ TO water creating hydronium (H;07).
B* + H,O = BH + H;0O"
Anion (conjugate base) reacts by accepting an H” FROM water creating hydroxide (OH).
A"+ HO 2> HA+ OH

Determining pH of a Solution Involving Cation/Anion Hydrolysis
® Write out the hydrolysis equation and equilibrium expression, K, (cation) or Ky, (anion)
® Determine the K,(cation reaction) or Kp(anion reaction) by using the equation Ky = K; x Ky
e Solve for [H'] or [OH] using Ka/Kp
® Remember to use (x10™) rule for elimination of the +/-x

® Use this equation for solving for [H']: [H] = J K, [HA]

® Use this equation for solving for [OH]:  [OH"] :J’ K, [B]
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Salt Hvdrolysis Practice Problem
7. Write the hydrolysis reactions for the following salts:

oSS TR M0 HNG « OHT basic

b.NILNS,  Nkg™ + H,0 2 MHs + H 07 ueidic
Hm,(sn)

- QC:CJ-.‘C.
¢ CHNHGY ¢ H,N¥,* s #;0 T (HcHy - Hy 0
HClL(sA
) bas'<

AP0, (105" + my0 = HCIO,+ OH
NabH (58)
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Salts as Weak Bases Practice Problems
8. Calculate the pH of a 0.30M NaF solution. The K, for HF is 7.2x10. (Ans: 8.31)

F'-I'Hzo-:-' HF"'a”- [0"")"—‘ I‘bta -
Kp: Xw < gooxn gy 0] =Yl dwe D036 = 2.0%/D

Salts as Weak Acids Practice Problems

9. Calculate the pH of a 0.10M NH,Cl solution. The K, value for NH; is 1.8x1073. (Ans: 5.13)
”u.,,-r,LH;D-: Hz 0~ 4 VM f“’]" Kq CHAD
- Ww - |.oxso ~-1b o
Ka (Vi) - _Kv:_ . '\,WIm = 5.LX/D Cw )~ We.amo (010

)= 7.%x D™
‘;n = —loy (1.S¥w“)=5S: 12

1N Calanlata tha wH AFN NTNAL AL calitian Tha E xralia fae AVH.ON 31 50 1 A4 1055 (Anc: AN
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11. Determine whether each of the following is a Lewis acid or base, draw structures as proof.
@PH;  (b)BCl (c) HaS (d) SF, pH<
0
HeHs 0, /"”‘ :
<7 ik - - ¥ 1.0
P & S ‘ -
s g ~ ~ 2 S~ =
RN T Y 2N T
% F l.o (A
LB LA = LB -
12. For each reaction, identify the Lewis acid and base:
L LB =
(a) Ni**(ag) + 6§Hg(aq) — Ni(NH;),** p l JB 5 g (1 ) _%"OA
N e, .
W e Y qvele
(b) H(ag) + H,0 <> H;0*(aq) = F
o K

R YW



