CHM152 - Chapter 15: Acids and Bases — Homework - KEY
What is the conjugate base of HSO,? SO*
Write a balanced equation for the Bronsted-Lowry acid HPO,* in water.
HPO,* (aq) + H,O (1) = PO, (aq) + H;0" (aq)
From the following chemical reactions determine the relative Bronsted-Lowry acid strengths (strongest to weakest).

HCIO,4 (aq) + H,O () — H;0" (aq) + ClO4 (aq)
HNO, (aq) + H,0 (1) = H;0" (aq) + NO, (aq)

a. H;0">HNO,>HCIO,4
b. H;0'>HCIO,> HNO,
¢. HClO,>HNO,>H;0"
d. HClO,>H;0" > HNO,

Calculate the pH of an aqueous solution that contains 2.50 x 10 M [H;0"].
pH = - log[H;0"] = - log (2.50 x 10 = 3.602

Calculate the pH of an aqueous solution that contains 3.50 x 10° M [OH].
pOH = - log [OH-] = - log(3.50 x 107) = 2.456 pH + pOH = 14.00. pH =11.544

What is the pH of a solution prepared by mixing 100.00 mL of 0.020 M Ca(OH), with 50.00 mL of 0.100 M NaOH?
Assume that the volumes are additive.
0.10000L (0.020 mol Ca(OH),)(_ 2 mol OH" ) =4.0 x 10” mol OH"

( 1L )(1 mol Ca(OH),)
0.05000L (0.100 mol NaOH )(__1 mol OH) = 5.00 x 10~ mol OH"
( 1L )(1 mol NaOH)

M of OH-=4.0 x 10~ mol OH + 5.00 x 10~ mol OH = 9.0 x 10~ mol OH / 0.15000 L = 0.060 M OH"
pOH =-10g 0.060 =122 SO pH=12.78

What is the equilibrium constant expression (K,) for the acid dissociation of formic acid (HCOOH)? (Hint: write a balanced
equation for the dissociation of formic acid in water first.)
HCOOH (aq) + H,O (I) & HCOO (aq) + H;0" (aq) K, = [H;0"][ HCOO

[HCOOH]

What is the pH of a 0.100 M formic acid solution with a K, = 1.8 x 10™*?
HCOOH (aq) + H,O (1) @ HCOO (aq) + H;0" (aq)

I 0.100M
C -X +x +x
E 0.100 —x X X

K,=18x10"= x> = Assume x is negligible sox=0.0042M =[H;0"]

(0.100-x)  (Assumption is ok since (0.0042/0.100)x100% = 4.2%)

pH = - log (0.0042) = 2.38
A tablet containing 500.0 mg of aspirin (acetylsalicylic acid or HCoH;0,4) was dissolved in enough water to make 100.0 mL
of solution. Given that K, = 3.0 x 10™ for aspirin, what is the pH of the solution?
0.50000 g ACA (1. mol ACA) =2.775 x 10~ mol ACA/ 0.1000L = 0.02775 M ACA

(180.17g )
HCoH70,4 (aq) + H,0 (1) = CoH;04 (aq) + H;0™ (aq)
I 0.02775 M

-X +X +X
E 0.02775 M —x X X

@)



K,=3.0x10%= X = solve for x using the quadratic formula x=0.0027 M
(0.02775 —x)
pH =-1og (0.0027) = 2.56

10. What is the percent dissociation of a benzoic acid (C4HsCOOH) solution with pH = 2.59? The acid dissociation constant for
this monoprotic acid is 6.5 x 10”.
CsHsCOOH (aq) + H,0 (1) = C4HsCOO (aq) + H;0" (aq)

I
C
E x —0.0026 X x = 10" =0.0026 M
K,=6.5x10°= (0.0026)" =  solve forx=0.106 M =0.11M
(x — 0.0026)

So [CcHsCOOH]initial = x — 0.0026 = 0.106 M + 0.0026M = 0.11M
% ionization = (0.0026 M / 0.11M) x 100% = 2.4 %

11. Vinegar is a 5.0% m/m% solution of acetic acid in water. Given that K, = 1.8 x 10~ for acetic acid and assuming the density
of vinegar to be 1.00 g/mL, what is the pH of this vinegar solution?
5.0% m/m basically means if you assume you have 100 g of vinegar solution, 5.0 g is solute (vinegar)
SO, 100.0 g of vinegar solution with a density of 1.00 g/mL gives 100.0 mL of solution.
5.0 g of solute (acetic acid) and using molar mass of acetic acid (60.06 g/mol) gives 0.083 mol of acetic acid. So
the total molarity of acetic acid is 0.083 mol / 0.1000L = 0.83 M

Now set up ICE table:
CH;COOH (aq) + H,O (1) & CH;COO (aq) + H;0" (aq)
I 0.83 M
C -X +x +x
E 0.83 M —x X X
K,=1.8x107= X = solve for x using the assumption that x is negligible and x=0.0039 M
(0.83 —x)

pH = - log (0.0039) = 2.41

12. Calculate the concentration of bicarbonate ion, HCOs', in a 0.010 M H,CO; solution that has the stepwise dissociation
constants K,; =4.3x 107 and K,, = 5.6 x 107",
H,CO; (aq) + H,O (1) & HCO;5 (aq) + H;0" (aq)

I 0.010M
C -X +x +x
E 0.010 M —x X X
Ky =43x10"= X = solve for x using the assumption that x is negligible and x = 6.6 x 10° M

(0.010 - x)

HCO;5 (aq) + H,O (1) & COs”(aq) + H;0" (aq)
[ 6.6x10°M

C -X +x  +x
E 6.6x10° M - x X X
Kp=5.6x10""= X = solve for x using the assumption that x is negligible and x = 6.1 x 10°M
(6.6 x 10 —x)

[HCO;1=6.6x10°M-x=6.6x10"°M-6.1x10°M=6.6x 10° M

13. Ammonia has a K, of 1.8 x 10°. What is the conjugate acid of ammonia and what is its K,?
The conjugate acid is NH," and K, is K,,/K, = 5.6 x 10



14. What is the pH of a 0.30 M pyridine solution that has a K, = 1.9 x 10”2
CsHsN (aq) + H,O (1) = CsHsNH' (aq) + OH' (aq)

I 030M
C -X +x +x
E 0.30M-x X X
Ky=19x107= x> = solve for x using the assumption that x is negligible and x =2.4 x 10°M = [OH']

(0.30 — x)
pOH=-1log (2.4x 105 =4.62 pH=14.00-4.62=9.38

15. Which one of the following salts, when dissolved in water, produces the solution with the highest pH?

a. KI
b. KBr
c. KF
d. KCI

16. If an equal number of moles of the HCN and KOH are added to water, is the resulting solution acidic, basic, or neutral?
The resulting solution is basic because HCN reacts with water to make CN-. The cyanide ion is a basic salt .

17. Calculate the pH of a 0.100 M NaCH;COO solution. K, for acetic acid, CH;COOH, is 1.8 x 107,
CH;COO" (aq) + H,O (I) = CH;COOH (aq) + OH  (aq)

Ky =K/K,=5.6x 10" 56x10"=_ x> = x=7.5x10°M=[OH-]
(0.100 — x)

pOH =-log (7.5 x 10%) =5.16 pH=14.00-5.16 = 8.87

As you can see, acetate ion forms a basic solution

18. Calculate the pH of a 0.100 M CH3NH;Cl solution. Ky, for methylamine, CH;NH,, is 3.7 x 10,
CH:NH;” (aq) + H,O (I) = CH;NH, (aq) + H;O" (aq)

K,=K/Kp,=2.7x 10" 27x10M" = x* = x=1.6x10°M=[H;0"]
(0.100 — x)

pH = -log (1.6 x 10°)=5.79

As you can see, methyammonium ion forms an acidic solution

19. What is the strongest base among the following?

a. ClO

b. ClOy
c. ClOy
d. ClOs

20. Which one of the following is not considered to be a Lewis base?
a. H,O
b. NH;
c. NH, No lone pairs of electrons!
d. Cr



