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Chemistry 30: Acids and Bases
Practice Problems

Properties of Acids and Bases

1. List four characteristic properties of acids and of bases. <
Rads: Sowrfosk, reack with medels & carbonales, fuems | red
Bases: Shppey fed, orirasie, readt with acids, s Jitmuds blece
2. Classify each of the following as either an acid or a base:
a. The substance has a bitter taste 3 ASE f. NH: RASC
b. H:S0:p LD g. hasaslippery feel B3ASC
c. litmus paper dipped in thisturnsred AC{()  h. hasasourtaste ACID
d. reacts with active metals to produce i. aprotondonor A CiD
hydrogen gas f\b’\h j. aprotonacceptor R AS C/
e. KOH RAST
3. Copy the chart and fill it in with definitions.
Acid Base
: Contouns M and Conteuns OR and clissclves
Arrhentus dissolves v produce. HY produle OH~
Brgnsted-Lowry H+ dmOy /A /%ms Hf Qaelﬂ;a/ //4 0(”3
— st be able o %d’
4. Which of the following could be considered Brgnsted-Lowry bases? g\ HT
a. Br yes c. HsPO, 1O e. H0 \es
b. Li* N0 d. NHs* Nno f. NH» y es

Conjugate Acid-Base Pairs
5
A B CA &5}
a. HClOs(aq) + H20(1) = H30*(aq) + C10s(aq)

A B CA 8
H2S0s(aq) + H20(1) = H30+*(aq) + HSO3-(aq)

A 8 [ D
HC;H302(aq) + H20(1) = H30*(aq) + C2H302-(aq)

b.

A B CA B
H2S(g) + H20(1) = H30+(aq) + HS-(aq)

A (6) A CB
HSO03-(aq) + H20(1) = H30+*(aq) + SOs2-(aq)

B b LA R

f. NHs(g) + H20(1) = NHa*(aq) + OH-(aq)

I'E\ B CB CA
HF(aq) + HSO3-(aq) = F-(aq) + H2503(aq)

A D () ch
HNOz(aq) + HS-(aq) = NOz-(aq) + H2S(aq)

Identify the acid, base, conjugate acid and conjugate base for each of the following.



6. Complete the equation for the reaction of each of the following with water. Then:
i. Indicate whether the ion or molecule is an acid or base; and,
ii. Indicate whether each reaction is explained by Arrhenius, Brgnsted-Lowry, or both.

fol B T base imast hewve OH
a. Hi(aq)+H00) = H30" + [ d. COg(aq) + H:0) = H(0;~ + OH
A B Fty O*Bom G{g s 9 © BL only
b. HF(aq) + H.0(1) = . oz HOoM = JoH~
\@)sz()ﬁ AU e <q)/+,z M HB"L ‘
c. CHiOr(aq) +H0()= HC,H30, + OH™ J
N~ B-L onl

7. Define the term amphoteric. Give an example of an amp\(xoteric compound.

Amphattric (o Can act as ephes an acid ov a base,
WZM%WW are Compined with le-g- 1.0, HCOs

8. or the conjugate base of: /.
a. HaS03 b. HCOsz o c. NH4* H.L P Oq4 )
HS 05 C O3 N f/ 3
What are the conjugate bases of these acids?
original acid conjugate base
- HNO; NOg -
H * H30+ ,7/2 O
H2S04 H 5(;)41.-
HBr By~
HCOs Clx=
9. What are the conjugate acids of these bases?
original base conjugate acid
A\ ond Of H20
M H,0 e (T
A" HCO5 (O
S04 HSOy™
Clos HCLOy
10. Write the formula for the conjugate acid of:
da. Hzo ) b. Cng' C. PH3
\ _’_ 2\ —— P
H30 H(og Pl ¥
11. Which of the following represent conjugate acid-base pairs?
a. H0,H:0* &S Gdifferent by ONE RY

b. OH,HNOs po
c. HzS04S042 O
d. HCzH30,, C2H302- \f LS

Strength of Acids and Bases
12. What is the difference between a strong acid and a weak acid? Give an example of both.

A shong acid jouds mpletely in a 5&%@4 HO = H+ ()~

A weak acicl oS Jess Fhan 507 in sotehion
HC Hs0. =HT+ GHs0,~



13. Explain the difference between the terms “concentrated” and “dilute” with respect to both
strong and weak acids. 57LYD > [-5 of H fand A ions
memd V\}ﬁa_,k"“‘) /cn‘s el HH mo(ﬁ(,aﬁui ond 7“/+(LM:1 14/‘

2 afews vt ard AT
weak < weak > alews mo\éuulwm oven fewer 4t and A7

%mesh the following reactions:
a HiSOi+H0= S04~ /50" e NH+HO0= V[ ”‘0"7‘

‘7‘

15. Write a dissociation equation for each acid or base in an aqueous solution. Remember to use a
single arrow (—) for strong acids and bases and a double arrow (=) for weak acids and bases.

a. HCl d. HCN g NHs ’
HCI= Ht +Cl~ HINSHT+ONT Nz 1 He0 @ Nkt
b. NaOH e. H,SO. +0 H,__

NaGH= Nat +0H~  HaSOy = 2H* 50,4
c. Cu(OH): {noi JFL/\M(CL//7 ‘u{ﬁl)f HC,;H30:

(OH)}VCUOH&O?O;_]’ HCzHSOQ? H*"'Clh’joi—

16. Write balanced equations for:

a. The dissociation of calcium hydroxide Ca ( 0 H )L =5y (\a Q+ . o? 0/ ,/ -

b. The ionization of nitric acid H N Og —_ H+ + /\/ Og -

c. The ionization of propionic acid H 63 H‘SO;, = H by | C3 HS 02__

d. The dissociation of pyridine , ] R .
CoHsN + H20 & (sHsNH™ + (H

Ka and Kb

17. Given the following balanced ionization reactions for the following weak acids and bases, write
the K. or K, expressions for each.
a. ascorbic acid: HC¢H70¢ (aq) = H* (aq) + CeH70¢ (aq)

)(‘: [ ][ bH’,'O(;
U HCHA0e]

b. boricacid: HsBOs (aq) = H (aq) + HzBOs (aq)
K‘: [Hf—](/‘)ZBO%j
x [(H3B0z]
c. methylamine: CH3NH: (aq) + H20 (1) & CHaNHs* (aq) + OH- (aqg)
(o [CH3NH3t] [on~]
8 (CHs NHL)

18. Calculate [H*] for a 1.0 x 103 M solution of hydrochloric acid.
Hu-> HT «CL”
0072 JoxIg? 007>

[Ht]= [-0xI07 M)




19. Calculate [H*] in a 0.20 M solution of formic acid. Ks = 1.8 x 10+

(K0 C00) HCOOH = H+ + HCOO- ] oy
) LHY/(HC0O™ ' 4 _ Ht]=x= 0.0060/).
- [&xI07 =

K [HCOO H] / 020

20. Ethylamine (C;HsNH) is a weak base. Calculate [OH lina 2 32 x 103 M solution if Ky =5.6 x 10-4.

1T chwsr\&v\erHLo e G HsNH T £0R™
. [GHsNRsD oW Go AT 4 l=a= 0.001 M-
Ks [Cz\/\sNsz 5o (0 NEILES Z,/ [OH] 4

21. Calculate [OH7] is a solution containing 100.0 g of potassu?m hydroxide in 2.50 L solution.
Potassium hydroxide is a strong base.

Mo ;56;”(;)'“& [KoH] = [on7]= G T1am
i lgbﬁ% |78 mek
- oo - 0710 M

22. A solution 15 prepared that contains 0.0445 mole of sulfuric acid in a total solution volume of
12.1 L. Sulfuric acid typically undergoes complete ionization according to the equation:
H2S04 — 2H* + 5042
Calculate [H+]. Sulfuric acid is a strong acid.

O O44S _
[H?,SOLJ = %: 15\ = (}. OO)(agM
[H¥] - 2[H:S04] = 0067360

23. Calculate the hydroxide ion concentration in a 0.045M solunon of ammonia, NH3, a weak base

with Kp = 1.8x10-. NHz t HLO = N trOHT

[adSJoR]) [9xj05 = e = %.0%/07"M
= - — 0 =X . 7\/() m
ST oo% 7 (o]
pH and pOH
24. Determine pH and pOH for each concentration.
a. [H]=0.023M d. [OH]=9.01x104M
pH=1.b poH=12.% poH=3.05 pH= 0.9
b. [H*]=6.6x106M e. [H]=8.96x103M B
pi= 5. & poH= 9-¥ pH = 2.05 poH = /IS

c. [OH]=0.0334M

pot= |45 pH=12.€2



25. Determine [H*] and [OH-] for each pH value. [ 0 H -] - o’) 0RO 9/34

a. pH=25 ~ d. pOH=87 '

[Ht] = 0.0032M[0H] = 3. xI0"m [H)= 5.0410 =¢m
b. pH=113 e. pH=765 [H]= A x]07 %M
[Ht]= 5.0%10""m [0H] = 2.0xJ0™> [on]= 45107 "M
c. pOH=46

[OH“]: stlo ’SM [H‘f’]; L/:O}‘ /U.-lum

26. 4.52 g of calcium hydroxide, a strong base, is dissolved in 1.00 L of water. What is the pH of the
resulting solution? C“ [ OH )J. - [ 22T F Q0N

Mea(oH)a = 7410k [0R7) = 2UCalch),]= 0. ]22M

_oom 492 _ )= A
(- MY (710060 006101 pOH- /oj[M ]-pg'-"gll;iO

27. Methanoic acid (HCHO;) is a weak acid that undergoes the following ionization reaction:

R HCHO, = H* + CHO7
If 25.0 g of methanoic acid is dissolved to make 05300 L of solution, what is the pH?
[ =~ FH+][CHO,; iyt ;){(: O\l ﬂ/)
[HCHO,]=1.09M  fas (H] 014

_ 7L
|- 1xI0°% = 55
28. A weak base, methylamine, is dissolved in water according to the following dissociation

reaction:

(HCHO] on= 1.9

CH3NH; (aq) + H20 (1) = CH3NH3* (aq) + OH- (aq)
If 0.00355 moles of methylamine is present in 1.25 L of solution, what is the pH?

Ky = [CH3NHsH] [on] (eH]=2= 0.001IM
[CHaNHZ )= 0. 00284 M [CHzN2] pOH= 3.0
4. A e
o TN = oy pH= /0
29. Phosphoric acid is a weak acid that undergoes the following ionization reaction:
HsP04(aq) = H*(aq) + H2POs(aq)
If there is 1.32 x 10-2 mol of phosphoric acid present in 875 mL of solution, calculate the
concentration of hydrogen ions, H, in solution. K. for phosphoric acid is 7.0 x 10-2

| ez LHHT(H,P047] [Wt]= 2= [IXIOHm
\H3 PO} 001511 [ri3P04]

T.ox(03 = >

0.016)
30. A solution of acetic acid contains 12.0 g of HC2Hz0: in 500 mL of solution. Calculate [H-].
| Kq> [Hf][Czﬁs’Oaj (H7=x = 0.0026HM

(H(:li"%()):l; OL{OOM ~ [H(-LH?Oz]

"73(/()‘5 = )Ll

e ——

0.-400




31. Why would the pH be different for a 0.05 M solution of HCl and a 0.05 M solution of acetic acid?

What is the difference in pH? Ka= [HTJLGH;z 0;J . m
. , : ont 1S
H& HL), Hz CL& ] (HGH0,] [(aw(p-/(ﬁ@&)
(4] 005 70> 22 L7y 9axj0 4 andFhe ofies s
32. Calculate the pH of a 0.00345 M sol D'D? line, C¢HsNH kb: W\{M [MW%EJ
- Calculate the pH of a 0. 9 solution of analine, CsHsNHz, a weak base. ven lidlle
KL.: (L(;HS’VH;][OH) [OH‘)i A= 230" v U )
(e teiin] poH= 5.9 pH= &I

2
garere . = e
33. Calculate the'ﬁpf])in a solution in which [OH-] = 2.0x10-2 M. Is this solution acidic, neutral, or

basic? )
5 ] U’iq‘ : - _
LA - E%Z"-J = Jogps T SO M

Z)LLQ‘: C

34. Find pH of each of the following. Identify each as an acidic, neutral, or basic.

a. [H*]=0.0015M PH: Q,f Acidie
b. [H*]=5.0x10M FH’ g-?) bas)‘c

c. [OH]=327x10+M i‘aOH: ’544‘9 basic
pH= 105]
d. [OH]=1.00x1012M POH: J 0(,(‘/{0(/1@
oW &
/\/aOl—/
35. What is the pH, pOH, [H*], and [OH-] for a 3.2 x 10- M solution of sodium hydroxide?
[(HT=32x004%M  pDH= 3.5
[Ht]= 3ax(o*M  pH= 10.5
36. What is the pH, pOH, [H+], and [OH-] for a 9.20 x 103 M solution of sulfuricsagd?
[(H*]- 6.0i34m  pH= (.74 7=
[0M- 5.43x/073H  poH= 226



Neutralization
For-eachreaction

>(7 a—Balance-thereaetion;
b——Wnteﬂaefcomp}etedemeeqﬁaﬁﬁn-an&the—netmctqnannn-and'-

38. How many moles of NaOH are needed to completely neutrahze 0.432 mol of H2504?

INaOH * H S0y > NapSog +2.H,0

0 439 mel FhS0y x Ldmel NaOH _ ¢ 964 mol NaOH
ii%ﬂH@SOq,

39. How many moles of Ca(OH); are needed to completely neutralize 0.530 mol of HsP04?

3 (al0V), +MaPOy = Cos(POy)2 * H20

0 530 mok H3POu x 3mel @(OMs = 5795 1,0 (a(0M),

40. It takes 38 mL of 0.75 M NaOH solutlon to completely neutralize 155 mL of a sulfuric acid

solution (H2S04). What is the concentration of the H2504 solution? [ . n
Mwaon= CV= (0.75)(0©38) = 0. 0395 mek. H2504]= Vo
U ome W80 s A
Nussow = O.0285met NaOHy Tt = 0,043 mok 0-15¢
. bl = 0.0923M

41. It takes 12.5 mL of a 0.30 M CH3;COOH solution to completely neutralize 285 mL of NaOH
solution. What is the concentration of the NaOH solution?

[NaOH1- 0.013

42. It takes 50 mL of 0.500 M KOH solution to completely neutralize 125 mL of sulfuric acid
solution. What is the pH of the sulfuric acid solution?

[Sag]- 0.10M  pH= 0,70



43. What is the pH of a NaOH solution if it takes 100.0 mL to neutralize 150.0 mL of 3.00 M H,CO3;
solution?

ChaoR]=9.0M pOH- = 0.95
ph = |4.95

44, Titration reveals that 11.6 mL of 3.0 M sulfuric acid are required to neutralize the sodium
hydroxide in 25.00 mL of NaOH solution. What is the molarity of the NaOH solution?

[NalH])=2.T8M

45. When 34.2 mL of a 1.02 M NaOH solution is added from a buret to 25.00 mL of a phosphoric
acid solution that contains phenolphthalein, the solution changes from colorless to pink. What is
the molarity of the phosphoric acid?

[H3P0y ] = 0.4 b5M -



