Chapter 16: Acid-Base Equilibria

Kahoot!
1. A Brgnsted—Lowry acid is a/an ___. proton donor, proton acceptor, electron-pair acceptor,
electron-pair donor
2. ABrgnsted-Lowry base is a/an ___. electron-pair acceptor, hydroxide donor, proton acceptor,

electron-pair donor
3. Which of the following is the conjugate acid of HPO?” ? H,PO,, H,PO;, PO}, HPO;"

Which of the following is the conjugate base of H,SO, ? H,SO,, SO, H,SO;, HSO,

The ___theacid, the ___its conjugate base. stronger;stronger, weaker;weaker, stronger;weaker,
weaker;stronger

6. Ifthe [H30*]is 10° what is the [OH]? 107, 10°, 10, 10°

7. A solution with pH of 6.00 would be considered ___. acidic, basic, neutral, none of the above
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What is the pH of a 0.0200 M aqueous solution of HBr? 1.00, 1.70, 2.30, 12.30
. What is the pH of a 0.0400 M aqueous solution of KOH? 12.60, 10.30, 4.00, 1.40

10. A 0.30 M acid solution has a pH of 1.85. What is the %ionization? 21%, 16%, 6.2%, 4.7%

11. Which of the following is NOT as weak base? NHs3, NH,OH, F~-, OH~

12. For a conjugate acid-base pair, Kn =Ks ___ Kp. +,—, %,/

13. A salt solution of RbF is considered ___. basic, acidic, neutral, none of the above

14. Which of the following correctly lists the acids in order of decreasing strength? HCIO, > HCIO >
HBrO > HIO, HCIO > HBrO > HIO > HCIO,, HIO > HBrO > HCIO > HCIO,, HCIO; > HIO > HBrO > HCIO

15. A Lewis acid is a/an ___. proton donor, proton acceptor, electron-pair donor, electron-pair
acceptor

16. A Lewis base is a/an ___. proton donor, proton acceptor, electron-pair donor, electron-pair
acceptor

Whiteboard Examples

Example: Determine the hydroxide concentration in a solution with

[H,0) ] =1.89x10*M .
. ] ] K,  10x10%
K, =[H30;q)[OH )] = [OH ) 1 = [H,00 ] = 189x10"

(aq)

=5.29x101M

pKw derivation:
K, =[OH,, )][HSO* ]

(aq (aq)

~logK,, = ~l0g{[OH , 1[H:0, 1}

(aq)

—logK, =-log[OH ,,]-10og[H;O

(aq)
pK,, = pOH + pH =—log(1.0x10*) =14

Strong Acid/Base Examples I: Write the balanced equation for each of the following and determine the
pH.

a.) 0.5000 M HClO4aq)
HCIO,,, +H,0, = H,0(,, +CIO,

4(aq) (aq) 4(aq)

[H,0;,,,]=[HCIO, ;1= 0.5000M

pH = -1o0g(0.5000 M) = 0.30
b.) 0.0256 M LiOH,q)



LiOH,,, — Li%,,, +OHy,,
[OH ;)] =[LiOH,;,]1=0.0256 M

pH =14 — pOH =14 — (—log(0.0256 M)) =12.41

Strong Acid/Base Examples II: Determine the hydronium ion concentration for a 0.01500 M Ca(OH),.
Ca(OH),,,, — Caf;, +20H,,,

[OH(,) | =2%[ Ca(OH), | =2x0.01500M = 0.03000M
~14
[H00,]= Ky L1007 4 as10Mm
[OH,, | 0.03000M

Calculating K, from pH: What is the K, of a 0.050 M solution of HC;HsO, if the pH of this solution is 2.75?
HC7HSOZ(aq) = C7H505(aq) + H(+aq)
We begin with an ICE Table

HC?HSOZ(aq) C7H502_(aq) H(Zlq)
Initial 0.050 0.0 0.0
Change -X +X +X
Eq 0.050 —x +X +X

Next, we write down symbolic representation of the equilibrium/acid dissociation
expression:
_[CH05 JTH ]
: [HC,H:0, ]
Now we remember we don’t know K, but need to find it which means we must know x:
[Hi]=10"" =107 =1.77x10°M

Finally we plug in x for our equilibrium expression and solve

_[CHO g lHe] _ X 000177" oo 1gs

* " [HC,H,O,,,]  0.050—x 0.050-0.00177

Percent Dissocation Example: Determine the percent dissociation of 0.050M of benzoic acid.
HC,H.0,., = C,H;0,., +Hy K,=65x107°
We already found [H*]=1.77x10">M therefore
[H'] 177 x107°M

[HA]  0.050M

It should be small since our Kj is so small

x100% = 3.54%

Weak Acid Example: Calculate [H*] and the pOH of 0.050M of benzoic acid.

HC,H;0,,, = C,H;O5) + H@q) K, = 6.5x10°°
HC7H5O?(aQ) C7H50;(aq) H(tzlq)
Initial 0.050 0.0 0.0
Change -X +X +X
Eq 0.050 - x +X +X




_[CHO g l[Heg] X
[HC,H,0,,,]  0.050—x
x? =3.25x10° —6.5x10°Xx = x? +6.5x10°x—3.25x10° =0

=6.5x107°

a

~6.5x10° +,)(65x10°)" ~ 4x1x(-3.25x10°)
2

X =

. _ —6:5x10° £361x10°
2

[H']=1.77x10°M

14 = pH + pOH — pOH =14— pH =14+ log[H "] =11.25

-5 x=177x10"°M

Polyprotic Acid Example: Calculate the [H*] of 0.050M of sulfuric acid.

H,S0, ) = Hig) + HSO, g K, >>1
T 2 _ -2
HSO, ) = Hag) + SOuag) K, =1.2x10
Initially all 0.050M of the H,SO, dissociates completely into
0.050M H(*aq) +HSO, 4
_ + -2
HSO4(aq) H(aq) SO4(aq)
Initial 0.050 0.050 0.0
Change -X +X +X
Eq 0.050 - x 0.050+x +X
[HiS0:q ] (0.050+x)x i}
a: q) — 4(aq) :( ) :1.2X102
[HSO, )] (0.050-x)
0.050x + x? =6.0x10™ —-1.2x107x
x* +0.062x—6.0x10* =0
~0.062:£,(0.062)° —4x1x(-6.0x10*)
X =
2
_ + -2
x = 20062+ ;.90><10 > x=851x10"M
[H*] = 0.050+0.0085 = 0.059M
Weak Base Example: Calculate the pH of 0.050 M NHs.
NH, ., +H,O = OH, +NH; ., K, =18x10"°
NH3(aq) OH(_aq) NHZ(aq)
Initial 0.050 0.0 0.0
Change -X +X +X
Eq 0.050 - x +X +X
_OHw@ IRl g o
: [NH, ] 0.050-x

x? =9x107 —-1.8x107°x — x> +1.8x10°x-9x107 =0

~1.8x10° i\/(l.8><10’5)2 —4x1x(-9x10*7)
2

X =
Xx=9.4x10"*M

[OH ]=9.4x10%M

pH =14+ log[OH " ]=14-3.03=10.97
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Conversion from Kb to Ka Example: Determine the K, of HCN if K, = 4.9 x 1079,
K, 1x107

— _ -5
K—a = 4l9><10_10 =2.04x10

KW:KaXKb—)Kb:

Salt Classification Example I: Classify the following solutions as basic, acidic, or neutral.
a.) KBr b.) NaNO; c.) NH4CI
Answer:
a.) neutral b.) basic c.) acidic

Salt Classification Example Il: Calculate the K, for the cation & the Ky, for the anion in an aqueous solution
containing NH4CN. Is the solution acidic, basic, or neutral?
NH,CN — NH; +CN~
for NH; :NH; + H,0 = NH; +H,0" K, =?
we will not find this K, in a table BUT we can find the K, of NH; to it:
+ - 5 Ky 1074 10
NH; +H,0 = NH, +OH K, =1.8x10 —>Ka:—:—5:5.56x10
K, 1.8x10”
for CN~ we will have to use the K, of HCN to get its K,
CN"+H,0=HCN+OH~ K,="?
K 10

HCN +H,0 = CN™ +H,0" K, =4.9x10"° 5K, =—%

— _ -5
Ka —W =2.04%x10

K, (CN‘) > K, (NHZ) -, the soln is basic

Salt Example: Calculate the pH of a 0.25M NaC;H30,, K, = 1.76x107°.

K -14
Ky =—"= &5 =5.68x10"
Ky 1.76x10°
CoH305(ag) HC,H30(aq) OH™
Initial 0.250 0.0 0.0
Change -X +X +X
Eq 0.250 - x +X +X

_ [chHzo(aq)][OH _] _ x2
° [C,H;050] 0.250 — x
because we have a large concentration of acetate and a small K, we
will try and assume 0.250 >> x
x? X2
0.250—x  0.250
1.19x10°°
ck: ———
0.250
therefore our assumption is valid and [OH] = 4.77x10°M
pH =14 - pOH
=14 + log[OH] = 9.08

=5.68x107"

=5.68x10" - x=1.19x10°M

x100% = 0.005% < 5%



