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General Chemistry 11 Jasperse
Buffers/Titrations/Solubility. Extra Practice Problems

General Types/Groups of problems:

Buffers General pl Titration Graphs and Recognition pl0

What Kind of Solution/pH at End? p2 Titration Calculations pll

Preparation and Recognition of Buffers p4 pH Estimations/Calculations after acid/base | p12
are added (including at Equivalence Point)

Buffer Calculations pS Solubility Problems pl4

Disrupted Buffers: After Acid or Base are Added p7 Impact on Solubility When Common Ions plé
are Present

L
Titration-Related Problems p9 Impact of pH on Solubility pl7
Key Equations Given for Test:
For weak acids alone in water: For weak bases alone in water:
[H] = 4K x[WA] [OH"] = 4K, x[WB]

pZ=-logZ pH + pOH = 14

General definition for p of anything
[HT][HO]=1.00x 107" KaKp=1.00 x 10-14 for conjugate acid/base pair
For Buffer: pH = pK, + log[base]/[acid] AS® = S° (products) — S° (reactants)

Henderson-Hasselbalch Equation

AG® = G’ (products) — G° (reactants) AG® = AH® -TAS"® (T in Kelvin)
BUFFERS
1. A solution that contains a weak acid and it{conjuéai base in roughly equal concentrations is

a. neither acidic or basic. d. aheterogeneous mixture.

b. a half-acid solution. e. neutral.

c. abuffer.

2. Explain how a buffer solution manages to stabilize the pH against the addition of acid, base, or additional solvent
(dilution).

Answer: A buffer consists of a weak acid and its conjugate base in roughly equal amounts. If acid is added to the
solution, it is consumed by the conjugate base. If base is added to the solution, it is consumed by the weak acid. If
the amounts are such that the ratio of conjugate base/weak acid concentrations doesn’t change much, then the pH
doesn’t change much. Dilution does not affect the pH because this concentration ratio doesn’t change upon
dilution.

3. Research with biochemical systems commonly requires buffers because

, . —_—
a. that’s just the way it is.

proteins have a critical pH dependence in their structure and function.
C. proteins decompose into constituent amino acids outside a certain pH range.
d. proteins are buffers.
e. salts are involved.

4. What reaction occurs as a\ydrochloric acid sglution is added to a solution containing equal concentrations of acetic
acid and sodium acetate? édﬁ{"},

i QQH + H" — CH;COOH," d. 2CH;COO +2H" — CH;COO + H,
C.

Q
H ;- CH;COOH e. CH;COOH +H" — CH;CO" + H,0
CH;COOH + HCl — CH;COO™ + H,CI"
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What Kkind of Solution/pH Do you Get at the End? How does Solution Change?

5.

8

CA

9.

When the following chemicals are mixed, each in 1 liter of water, which would give at the end?

a) 1 mole of KOH and 1 mole of NaF <k +wh WA "‘%H _-;@ HP':- v KIM
b) 1 mole of NH4" and 1 mole of NaOH
C(@:;}) mole of HCl and 1 mole of NH; SA+ wh __-P@ Ht= J Ka ZH A)
) 1 mole of KOH and 0.5 mole of HCI

O.5 Kor

When the following chemicals are mixed, each in 1 liter of water, which would gi(e a basic p? Bt the end?

a) 1 mole of KOH and 1 mole of HF —=2 W&
b) 1.0 mole of KOH and 1.0 mole of HCl ~= /newl;/al
¢) 1 mole of HCl and 1 mole of NHj3 - WA
d) 0.5 mole of KOH and 1.0 mole of HC1 ~
7 CA

When the following chemicals are mixed, each in 1 liter of water, which would giVEa basic pH 3t the end?

a) 1 mole of KOH and 1 mole of HF —9 w&
b) 1.0 mole of KOH and 1.0 mole of HC1

¢) 1 mole of HCl and 1 mole of NHj3

d) 0.5 mole of KOH and 1.0 mole of HC1

A Wuble o,

. N . Wh WA
. der a solution initially containing 0.40 mol fluorid€ anion and-8=38uyol of hydrogen fluoride (HF). If 0.20 mol of
lare added to this solution, which of the following statement

a) You will still have a buffer solution at the end, since you’ll still have both weak base and conjugate weak acid
b) The pH will have shifted to a lower pH
¢) You’ll have more moles of HF at the end than what you began with

@You will no longer have a buffer solution, since all of the weak base will have reacted with the HCI.

none of the above HC‘-F Fe — “ F

T .2 .4 ' 3
£ =2 =2 42 wh+ WA

——
o femrs i
Consider a solution initially containing 0 ol fluoride‘and n 1 of hydrogen fluoride (HF). If 0.40 mol of

HCl are added to this solution, which of the following statementils FALSE? »

cofijugate weak acid

@ou will still have a buffer solution at the end, since you’ll still have significant amounts of both weak base and

) The pH will have shifted to a lower pH
¢) You’ll essentially have a weak acid solution situation, with 0.7 mol HF at the end.
d) You will no longer have a buffer solution, since all of the weak base will have reacted with the HCI. The buffer
capacity was exhausted.

¢) none of the above HCl + Fa_a H F

Cy
- - 1
WA
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10. Consider a solution initially containing 0.40 m ride anion and 0.30 mol of hydrogen fluoride (HF). If 0.40 mol of
NaOH gre added to this solution, and the final volume @Nhich of the following statements is FALSE?

a) You’ll essentially have a strong base solution at the end, with 0.7 mol NaF but with 0.1 mol NaOH at the end. The
moles of strong base will essentially dictate the pH.

b) The pH will have shifted to a higher, more basic pH

¢) The final pH will be 13.

d) The final pH will be dominated by the NaF, so I’d need the K, or pKj, in order to solve for the pH.

e) none of the above —

bu Her
11. Consider a solution that contain€ 0.50 moles of KF and 0.50 m(@l.o L of water. I1£0.10 mo

added to this buffer solution, the pH of the solution will get slightly . The pH does not
change more drastically because the NaOH reacts with the present in the buffer solution.

d) lower’, HF

12. Consider a solution that contains 0.50 moles ond 0.50 moles of HNO, in 1.0 L of water. 1£0.10 mo
is added to this buffer solution, the pH of the solttion will get slightly . The pH does nd
change more drastically because the Nyﬁ reacts with the present in the buffer solution.

HCl

a) higher, NaNO,

b) higher, HNO,
0) NaNOz
Q) lowgs HNO,
13. Identify all the correct statements about an acid—base
L. It can be prepared by combining &gtrong acid with a salt of®ase F

II. It can be prepared by combining a weak acid with a salt of 1fs conjugate base.
II1. It can be prepared by combining a weak base with its conjugate acid. —r

7 1V. The pH of a buffer solution does not change when the solution is diluted. —r
V. A buffer solution resists changes in its pH when an acid or base is added to it. T

a. L1, and IV d LILIV,and V
IL, 111, and V e. ILII, and IV

@ IL III, IV, and V bal‘
M = plat log) ey



Preparation and Recognition of Buffer Systems

g 14. Which of the following uffer system? A solution containing roughly equal concentrations of

a. fluoride ion and hydrofluoric acid.

T b_/ bromide ion and hydrobromic acid. non-base + Strong acid
= C. phosphate ion and hydrogen phosphate ion. ~ WB + WA
d. carbonate ion and hydrogen carbonate ion. WB + WA

e. phosphoric acid and dihydrogen phosphate ion. WA + WB

15. Which of the followir@e mixed together in water to %ﬁuce a bqu/egolution?
d. 3PO4 and NaH2P04

a. HCIQ4 and NaClO4 SA + neutral

[ SA+QwWé = wa

uwé lU//q

WA + WB

e. HCI and NaCl

e

b. HNO; and NaNO; SA + neutral

c. H,SO4;and NaHSO,4 SA + WA
m——

SA + neutral

16. Which one of the following would make the best buffer? (Ac = acetate, CH;CO,)

a solution of hydrochloric acid and sodium chloride, HC1 and NaCl
a solution of acetic acid and ammonia, NaAc and NH;
a solution of acetic acid and ammonium chloride, HAc and NH4CI

a solution of ammonia and ammonium chloride, NH3; and NH,4C1

'l
@.@o o

17. Which bination of solutions is t t ghoice fi king fbuff ;lt' ? :
= ich combination of solutions is l@\mce or making {buffer polution /’ #é,
3

WB + WA a.
SA+SB .
SA+tng .

equal volumes of 1 M ammonia

18. Which of the following would be the best choice for preparing a buffer w

a. a solution of formic acid and sodium formate, K, = 1.8 x 10"
b. a solution of acetic acid and sodium acetate, K, = 1.8 x 10~

d. asolution of boric acid and sodium borate, K, = 5.8 x 107'°

e. All of these solutions would be equally good choices for making this buffer.

cases they might react with each other...)

.5 mol HCIO and 0.5 mol NaCIO
.5 mol HBr and 0.5 mol NaF —=» HF
0.5 mol HBr and 1.0 mol NaF —=p

}<)' 0.5 mol HBr and 1.0 mol NaOH%

W

a) 1 only

b) 1 and 2 only

c))l and 3 only

d) 3 and 4 only

e) all would give buffer solutions

a solution of sodium acetate and ammonium chloride, NaAc and NH,Cl WB + WA bu

SA + neutral

WB+WB
WA + WA

NOT conjugates

WB and

—

and_ 0,001 A ammonium chloride (NH,4Cl —_
equal volumes of 0.5 M hydrochloric acid (HCI) and 0.5 M sodium hydroxide (NaOH)
equal volumes of 0.5 M hydrochloric acid (HCI) and 0.5 M sodium chloride (NaCl)

equal volumes of 2 M ammonia (NH3) and 1 M hydrochloric acid (HCI)

e. equal volumes of 2 M ammonium chloride (NH4Cl) and 1 M hydrochloric acidiiCl) 2

MHy + ";q‘a%ﬂ.,

- +/

=!

D T

@ a solution of hypochlorous acid and sodium hypochlorite, K, = 3.5(>< 10° ;

19. When placed in 1 L of water, which of the following combinations would give a buffer solution? (Remember, in some

6.5 HF + O.5_AaF



%Calculations
wd wHA

= 20. Calculate the pH of a solution that ig 0.30 M in amm. M in ammonium chloride
= (NH4CL, K, = 5.62 x 107').

Steps:
T 1. Recognize WA + WBé buffer )
2. Solve

ba
. Qo
M Finding Answer:19.43 uatlon
pH '} 3. Nee
= q. 7{ 4[0 o~ q qs 4. Check oes it ense"
7 12 —pH is close to pK

21. Calculate the pH of a solution containing 0.40 mol fluoride anion and 0.30 mol of hydrogen fluoride (HF). (HF, K, =

72x10%)? — '((ﬁ: 34

- 4 :
a) 0.20 mol p-u - 3, [q + lo AL Steps: .
b) 0.30 mol v 3 1. Recognize: WAw.L WB = buffer
¢) 0.40 mol 2. Solve: HH equation
d) 0.50 mol 3. Need: pKA

¢) none of the above = @ 4. Check: Does it make sense?
‘\ H 3! 27\ -pH is close to pKa, basic side

22. Calculate the pH of a solution that’s 0.65M in NaF and 0.75M in HF. (HF, K, =7.2 x 107%?
Steps: . v - 3 l‘l
1. Recognize: WA + WB = buffer p QP H ‘3 ‘q 4 ’
= ”7 75

ANSWER: 3.08 3 golve: HH equation
3. Need: pKA
4. Check: Does it make sense?
-pH is close to pKa, acid side

23. Calculate the pH of a solution that’s 0.65M in NaNO, and 0.40M in HNO,. (NaNO,, K, =4.0 x 10°%)? 3 qo ’kq

W

Steps:

ANSWER: 3.61 {’l-( 3 4O+ loz( = 3 (CT 1. Recognize: WA+ WB = buffer

2. Solve: HH equation
3. Need: pKA
4. Check: Does it make sense?

24. To simulate the pH of blood, which (s 7.4; ;n undergraduate researcher in a biology lab produced a buffer solution by
Finding dissolving sodium dihydrogen phosphate (NaH,PO,, K,= 6.2 x,10"*) and sodium hydrogen phosphate (Na,HPO,)
At @ together in an aqueous solution. What mole }Zlio of NazHPOM\@zPOA; did she need to use?

Acid or 1.6 2 e. 006 02l

Ratio 090

R nize: => HH ation
S e e 9= 0p 0 Jlogez00G) so o
T

3 Check Does it make sense?
Basic, so Base/Acid =>>1

= 25. What is the pH of a buffer solution where [HA]=[A"]?
—e—_

a. pH=1 e~ d. pH=pOH
b. pH=K, e. pH=7.0

@ pH = pK, 107 =0
2e




26. A buffer system is set up with [HA] = 2[A]. If pK, = 5.5, what is the pH of the buffer?

= %+ . T0 pH=gS ;uo;{
c. 75
z

=
27. The pK of a weak acid was determined b ing the pH of a solution containing the weak acid at 0.30 M and its
Finding wgate f pH was 8. 5 What is the pK, of the weak acid?
d

pka . 7.0 _
e. 74 8 - ﬂKd"‘( 20

conjugate base at 0.60 M. The measured pH was 7.8. What is the/p

f the weak acid?
a. 8.0 d 7.0
e. 74 —7 ? X + '07( qo

28. The pK, of a weak acid was determined by measuring the pH of a sl ’utlon containing the weak acid at 0.40 M and its

7.
=
=
T 29. The pK, of a weak acid was determined by measuring the pH of a solution containing the weak acid at 0.40 M and its
conjugate base at 0.20 M. The measured pH was 9.8. What is the pK, of the weak acid? —
= —_— _—
10.1 d. 104
b. 9.8 e. None of the above q 9.— X + lo —‘——
c. 95 ® ‘l
Q¢ =X —,20
Finding 30. How many moles of sodium agefate must be added € 500 mL of 0.25 M acetic @utlon to produce a buffer with a
Amount of pH of 4.94? The pK, of acef€ acid is 4.74.
—

q|qq = “{07‘( + lﬂ;(q

d 0 198 moles )

E@g o a. 0.011 moles

cid or

. b. 0.021 moles 06 TIoles —_

Ratio c. 0.125 moles 0 2 ” ‘q X b
= Q- G el
= 31. Phenylephrine (PE, see the structure belesais a nasal decongestant and is the active ingredient in Sudafed. which

contains phenylgphs drochlo his conjugate acid of phenylephrine (PEH") ha @ Ata
T physiological/pH of 7.4 Jwhat is the raffo of concentrations, [PE]/[PEH]?
OH H b
= | P = K+ loy
Q

A HO ]
) Sou (G4=S.5 log ¢
Q= ,Zo; X
a. 6.7
D
) ¢ =10
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Disrupted Buffers. What Happens aftey’ Acid or Base is gdded.
v

t— 32. Consider a solution initially containing 0.40 mol fluoride anion and 0.30 mol of hydrogen fluoride (HF). How many

= moles of hydrogen fluoride are present after addition of 0.20 mol of HCI to this solution? . .
T —_— Note: Moles Given Directly
= {a)) 8%8 m°11 HRCl + | 7 H F Note: What reacts with what
) 0.30-mo 3 2 ¢ s 3 What runs out first?
¢) 0.40 mol o :
What's left at the end?
d) 0.50 mol — 2 -, 2 -+, 2
e) none of the above ’

i @ ¥ many
HCl td this

33. Consider a solution initially containing 0.50 mo ammoniand 0.30 mol of ammonium idf
moles of ammonia and how many moles of ammonium 1omdre present after addition of 0.20 ot

solution? HC( N /{/ H'.; % -M({

a) 0.30 mol NH3, 0.50 mol NH,"

Text a) 0.50 mol NH3, 0.50 mol NH," - R
2) 0.30 mol NHs, 0.20 mol NH," o Z ¢S5 e
a) 0.70 mol NHj, 0.10 mol NH," —e 2 — 2 +,2

¢) none of the above i‘ —
= 34. Consider a solution initially containing 0.400 mol fluorjde-aniqn and (..366
= moles of hydrogen fluoride are present after addition v@ of

a) 0.400 mol fluoride, 0.300 mol HF

ydrogen fluoride (HF). How many
0 this solution?

ud HCl =(,0‘IOL Gl
I

=
3
+
ke
L
-
|

= b) 0.442 mol fluoride, 0.258 mol HF
¢) 0.358 mol fluoride, 0.342 mol HF 0 o4 [ L{ M ’ 3 '*A
d) 0.213 mol fluoride, 0.567 mol HF — —_ -
¢) none of the above ] o4 2 ﬂ _*Tf)‘lj - .0‘4? M

HE T i

35. Consider a solution initially containing 0.500 mol ammonia (NH3) and 0.300 mol of ammonium ion (NH,"). How
many moles of ammonia and how many moles of ammomum 10n are present after addition of 40 mL of 0.800M NaOH

to this solution? :
: 1553520 u 1lOII\IIH 0.268 1 NH," OH * ‘/‘uq ”#3
0 m 3, U. m 4
@.532 mol NH.. 0332 mol NH. ,032 300 2500 wl
a) 0.468mol NHj, 0.268 mol NH4++ —.032 =032 4.032 5
md DH—'(

a) 0.700 mol NH3, 0.100 mol NHy

e) none of the above . 24f " 3 3,2

({2
_ (
=037 md “

ide (HF). What is the

sataining 0.40 mol fluoride anion and 0.30 mol of hydro
» this solution? (HF, K, = 7.2 x 107%)? -5

HCl+ F@ — HF 2

.2 .4 3 p“ = ) (44 {Oj —E-
—07 _'2 'I'»: Y

Text

Note: In the problems on this page, there was ne r SB ust the buffer. You STILL had a buffer at
the end. But, theére can ns in which the buffer capacity is more than exhausted. In which case you will NOT
end with a buffer, and you won't end up solving by Henderson-Hasselbalch.



8

37. Consider a solution initially containing 0.400 mol fluoride anion and 0.300 mol of hydrogen fluoride (HF). What is

= the pH after addition of 70.0 mL of 0.600M/ HCl to this solution? (HF, K,=7.2 x 10 )7_7'114.. 3 /4{
Ts. HC(+F9 7‘”:0‘{ d 4] 3
: 00 m = J4d4 :
= ANSWER: 3.16 o) +400nd .3 {)H 3 3%
358,342 md
38. Consider a solution initially containing 0.50 mol ammonia (NH3) and 0.30 mol of ammonium ion (NH;"). What is the
pH after addition of 0.20 mol of HCI to this solution? (NH,", K , =5.6x10"%? < p K q 7-5_
[/ .
HCly My — #q — /3
ANSWER: 9.03 @ Ne e I’H =225, [o "y
2 2 [ T=ad
39. Consider a solution initi TTT monia (NH;) and 0.300 mol of ammonium ion (NH,"). What is
the pH after addition(of 40 mL of 0. 800M NaOH to _phis solution? (NH4 ,K,=56x10" 10)‘7 ,Kq q' ?.S
= a,éf ou + Yuy — oty
Ts. ANSWER: 9.55 md 032 0 3 ’
-0  hoR
= -
2 532

WA

40. Calculate the pH of a solution originally contammg 0.20 mol of cyanic acid @llowmg addition of 80 mL of
b 1.00 M NaOH. (K, of HCNO = 3.5 x 10’ ). The initial volun“lj of the cyanm olution was 920 mL, so the final

S comblned volume at the e is 1.0 L. w

- Ho® + HVO — CUO
@ b 346 T 000  ,20C
¢) 3.46 _— Sot0 = * 0#0 -, 0{0

g)) igﬁe of the above = 1 4 l?a WA QY 0&0
nd DH= ,000L || wd O€0 wd §6aﬁ?u
—

3 _—=

(L

41. Consider a solution initially containing|{0.300 01 of hydro§en fluoride (HF). How many grams of NaF (42.0 g/mol)

g@eeded to set the pH = 3.00NGHF/ K, = 7.2 x 10 U514 pllq
=
= ANSWER: 9.07g 2,00 =3 (4 l‘l +o —b;
=14 -—l
§ T o
J b/ . | 300t

W+ pk [ W &t
0@ PGM'-\ ade god = pdes bak /“
3

q¥
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601 /oq Saq Di- or triprotic acids.
A di- or triprotic base

l—( 2 C 0_3 /'I 3 , ”‘/ u; .SO({ would be one that can

Titration Related Problems absorb 2 or 3 H's.

42. In a titration of Eonogrotic acids and bases, Fhere is a large change in pH

at the point where pH = pK, of the acid.

when the volume of acid is exactly equal to the volume of base.

when the concentration of acid is exactly equal to the concentration of base.

when the number of moles of acid is exactly equal to the number of moles of base.
at the point where pH = pKj, of the base.

43. At what point in the following titration curve for a weak acid being titrated with a strong base is the pH equal to the
pK, of the acid? The x-axis scale goes from 0.0 mL to 20.0 mL. The sharp rise is at 10.0 mL.

¥ log (Base/acid)
=

€/acid ratio = 1 at half-

W A — w A ' way-to-equivalence point

Note: should bg able to

o diagnose the titration:
| ' 1. Starti@ acia'pr base?
| e lb wV 2. Equivalénce neutral,
acidic,(or basicf.; )
EE m

—7) 1 wl

WA _
e 4 ) \ 2 1 0
Titrant Yolume [mL)
a. 0.0mL d. 10.0mL
5.0 mL e. 18.0mL

c. 9.0mL

44. When an acetic acid solution is titrated with sodium hydroxide, the slope of the titration curve (pH vs volume of NaOH
added) increases when sodium hydroxide is first added. This change shows that

a. nothing is happening during this part of the titration.
b. the reaction is very slow during this part of the titration.
a more concentrated solution of NaOH needs to be present to initiate the reaction.
@ acetic acid is being converted to sodium acetate.
e. the pH is not affected until all the acetic acid is consumed.

45. Halfway to the equivalence point in a titration curve of a weak acid with a strong base,

nothing is happening yet. d. pH =pK,of the indicator.
( b.} the pH = pK, of the weak acid. e. the pH has not yet changed.
c. pH=23.5exactly.

46. Anfinitial pHJp 9.5 a7 an Equivalence por]

a) strong acid to which strong base is added
b) strong base to which strong acid is added
weak acid to which strong base is added

d) weak base to which strong acid is added
———

an orrespond to a titration curve for a

WA
&



Titration Graphs and Recognition
47. The following titration curve is most likely to be associated with

a. the titration of a strong acid with a strong base titrant. b v _F/('

he titration of ith a strong base titrant.
pH

W=

c. the titration of a strong base with a strong acid titrant. Z

d. the titration of a weak base with a strong acid titrant.

Volume

48. The following titration curve is most likely to be associated

of titrant

b. the titration of a weak acid with a strong base titran

a. the titration of a strong acid with a strong base titrant i / &! 4

c. the titration of a strong base with a strong acid titrant® pH

( d. }he titration of a weak base with a strong acid titrant.

49. What is indicated by the shape of the titration curve?

W

a. A diprotic acid was titrated with a strong base.
b. A triprotic acid was titrated with a strong base.
@ diprotic base was titrated with a strong acid.
d. A triprotic base was titrated with a strong acid.

e. A strong acid was titrated with a strong base.

Volume of titrant

50. A 0.500 g sample of an ynknown substance was titrated with a 0.1 A HCI solution. Another 0.500 g sample of it was
titrated with a 0.1 M NaOH solution. The resulting titration curves are illustrated here. Given the following

possibilities, what is the sample?

PH [€— acid

U + T — W+

W

Volume of NaOH
[ —
——

d. CO,

e. There is no way to tell.
C. H,(C O3

;"

M
aAVa = U] A_Af




1. Equivalence pomqw M _ ( ) "
2. To know one is to know the other. -: VL o M ? ’

3. One is usually provided indirectly
=M x Volume in Liters, or from grams and mw) M, rl-y v d Une 7

ration Calculations and Related Calculations.
51. A solution of hydrochloric acid (HCI, 2200 mL) was titrated to the equivalence point wit

= sodium hydroxide. What was the concentration of the hydrochloric acid? Approach 1: 1. moles base Sy

= a d 0.0353 M 2. Moles base = moles acid w” MJ

T . 0.07048 M o 3. Moles/volume (of the acid) = molarity
(b.v0.1410 4 e. 0.0533M 5,095 L

= 0.2819 M Approach 2: the Ratio method

3q,5 S 00335 Y lw’ Molarity of acid = Molarity of base x Volume Ratio
o= \07”)7500 » O35 L

. A solution of hydrochloric acid (HCI, 40.00 mL) was titrated to the equivalence point with 22.0 mL of 0.320 A#Zsodium
hydroxide. What was the concentration of the hydrochloric acid? N—\

,OW 0.07048 M d. 0.0353 M ={.320m) 22 A
.0"(0 @ 8 é;i ]\A/dl e. None of the above ( ”L

53. A solution of sodium hydroxide (NaOH 30.00 was titrated to the equivalence point w{th 26.0 ml, of 0.80 A/ HCL.
What was the concentration of the sodium hydroxide solution?

a. 144M d. 0.693 M - oMl _
b. 0.178 M %e above [vu} 'é 14 3 -
0.282 M wn

c.
=
= A solution of sulfuric acid (H,SOy, 25.00 mL) was titrated to the second equivalence point (both protons were
T removed) with 34 55 mL of 0. 1020 M sodium hydroxide. What was the concentration of the sulfuric acid?
= a 007043M 3 697> ud @y d omssm | JW'I +2 4/"“‘ 2,0+ 5"/
Polyprotic: b. 0.1410 M e. 0.0533M
Not 1:1 ratio ¢ 0.2819M I 1lox lo’3 wd "biol/
Oo25 L
55. What volume of 0.80 A NaOH will be required to titrate a 20.0 mL solution of 0.60M hxdrochlorlc ac1d to the
equivalence point?— M M
- o/h =~ MaVa
15 mL d. 30mL
. 20mL e. None of the above
Volume c. 25mL l/b = Ud (%ﬁ

= J‘OM.

Using 56. What volume of 0.80 M HCI will be required to pitrate36-3~grams of NaBrO (fw = 118.9 g/mol) to the equivalence
Grams point? , ——
of md h=302 L

Volume to a. 150 mL 08 mL =(, 309 & ,’} | L -
Provide b. 381 mL e. None of the above X L ‘3 ¥ ford =
Known c. 258 mL ’
Moles =

oles =L

7 One brand of extra-strength antacid tablets containf g f calcium carbonate (100 g/mol) in each tablet. Stomach
acid is essentially a hydrochloric acid solutig -':--u\ calcium carbonate really needed to neutralize stomach acid?

g
Harder One.
1. g=>mol
2. 2:1 stoich

Calculate the volume of stomach acid withfg
value with the normal volume of stomach flutds=witich usually is about 100 mL. One tablet can neutrahze
n_lL/of stomach ac1d ata pH of 1.0. (Remember one carbonate can absorb not just one but two protons.)

(CG{™ + 21 - H,Cq & 15y wd of = T80
Q'@ e. 7.5 —

(\eel’ L\C\O'. pH=1.0# s mL HO = otsow L [leonl

WMY [Oi1ndl 1L

+]




12

pH Estimations or Calculations after acid o ded (including at Equivalence Point)
58. Which of the following combinations would giv¢’a pH of 7.00 aj the "equivalence point" (when equal moles of each
have been added)? neutral -

a) HCl + KF KCl acidic WA
b) HCN + NaOH 20 +ECNbasic £

F+HCl  No reaction, WA SAX acidic?
ﬂ Cl+KOH  H20 + KCI neutral. Strong acid + strong base > neutral
— P—

59. Which of the following combinations would givefa pH above 7.00 at jhe "equivalence point" (when equal moles of
each have been added)? i

a) HC1+ KF HF + KC]__acidic
WA b HCN+NaOH H20 basic W
¢) HF + HCl No reaction, WA + SA = acidic
d) HCI + KOH H20 + KCl neutral. Strong acid + strong base => neutral

W=

60. Which of the following combinations would give
each have been added)?

@HCI + KFwih /Hy + KC

) HCN + NaOH H20 + NaC¥" basic
¢) NH; + NaOH No reaction, WB + SB = basic
d) HCI+ KOH  H20 + KCl neutral. Strong acid + strong base => neutral

{ pH below 7.00 a& the "equivalence point" (when equal moles of

wA @
B 61. GAycolic acid, which is a monoprotic acid and a constituent in sugar cane, has a PK, of 0f 3.9. & 25.0 mL splutio
Lo M= e glycolic acid is titrated to the equivalence i @! 0f 0.020 M sodi sodlum hydroxide so
at equlvalence : o N
of the resulting solution at the/quivale ?

WA = 17 JML
a = py — 4, ==
o calculate b, gé(g) 'kq ,4 b e. ‘9‘(9; OMA

[WB needboth . §g72 H0;3-

7/ -l - =7 =‘——
olcs and @@ z d.}ﬁacm ouel = 4. 67:(0\) \he (ol
it b =(T10 0157 M/, [iF4)

/@. Quinine is a weak base, with pK, = 5.10. What is the pH if g 25.0 solution originally containi &m

L. WBI = quinine is titrated with HCI to the equivalence point, and if th€Tombined total volu t the end
equivalen —_——
2. ForWA, a 5.10 (w8 -9 WA d. 428
nl) 15 md

o

need Ka and b. 7.98 ’—/— e. None of the above =
g\.l]{;(]) calculate 572 E" R KQ [wa ! 3 L / 5({ A’
[WA], need both Bt = }(T‘Qb ' lo‘? ][ I, 57{) =4 Y x 10'5

Rl AR A VI PV i)

volume

’ 5\ A 25.0 mL solution of quinine was titrated with 1.00 M hydrochloric acid, HCI. It was found that the solution
-Don'tassume ) ,1joinally contained 0.125 moles of quinine. What was the pH of the solution after 50. :( mL ofJSe HCI solution were

equivalence point 9 T _ &, =
‘ d'so. added? Quinine is monobasic with pKy = 5.10. ﬁ/ q },QO le Hel lo M 05‘01_ :‘05. /

a. 5.10 d. 492
2. Do "ICE" tO b. 8.90 R
figure out what c. 872

you have.

3. Here, buffer, so

i p+ HCL =2 %‘2
0D =
L 28

E 0% — 050 wh/wa=

=890 +10g 27 O q08

¢











of 0.40 alculate the [H'] concentration following addltlon f40.0 m

= 64 start wit
KOH
= Hwo; + OH ->u0+//0
a) 0.0667 M
T b) 1.00x 107 M ,O032 024
¢)0.100 M _ _
S d) 1.50 x 103 M .04 .02 Y
e) none of the above
1. What did I have at first? SA + SB — — 0067
2. Find moles of each -
3. What's left at end? (4 '} OL !
4. How do I solve? Need combined volume to find molarity

(SA left this time, need moles and volume)
65. If you start with 80.0 mL of 0.40 M HNO;, calculate gfe pH Alowing addition of 40.0 mL of 0.80 M KOH.

> HAO; + K — K A0, + #,C

O. (]
d)11.6
e) none of the above
1. What did I have at first? SA + SB
2. Find moles of each
3. What's left at end?
4. How do I solve?
(Nothing left this time = neutral)

=S 66. If you start with 80.0 mL gf 0.40 M HNOs, calculate the pH following additiof of 50.0 of 0.80 M KOH.

T
= a) 3.4(1)
é}?’z.s ~ )2 -, 03}
13.1 O

e) none of the above 0000- “d %H - '0&/5_ /{4

1. What did I have at first? SA + SB l 30 '
2. Find moles of each -
d L fﬁﬂ - “lv

3. What's left at end?

4. How dq I §olve? me) @ = /)‘ 7 q

EED COMBINED VOLUME TO
CALCULATE Molarity

e
s
T

S



W=

Find Ksp
from
Molar
Solubility

W

Find Molar

solubflty from 2434 x 10°7 e (Y =1 At + 1477
Ksp @gxig A? r Aé X ¥ = 7.31([0_7
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Solubility Problems
67. Write the reaction equation and the equilibrium constant expression that describes lead chloride (PbCl,) dissolving in
water.
Answer: PbCly(s) ={Pb*(aq) + 2CI (aq) Ky, =[Pb*] [CI ]
X X ¢ i = x 4P =4y
68. The solubility product for an insoluble salt with the formula MX, is written as , where x is the molar
solubility.
é Ky =x" d. Kg=2x
b Ky = 42 24 e Ky=2¢ K_(B&)l _ q‘(.?
C Ky= 42 Mv)qw\ +o¢" =) =
fs ¥ 2

69. When bClz) is placed in otherwise pure water, enough dissolves such that the concentration of lead ions

becomg hat is the K, for lead chloride (PbCl,)? pb a) /d — l ,éH 4 2 C(-

a. =19x10° d. JK,=19x10"

E' K&p = ‘2‘2 i 1876 . None of the above k— ﬂb)"‘ICljz
= (e3c).o1)

70. Consider the following table of K, values. Ec @]: 2 Ep A M

Compound K

PbCO; 74x 10
ZnCOs 14x10™"
CePOy, 6.3 x 1@
PbS 8.0 x(107*
Which one of the compounds shown in the table is the least soluble?
a) PbCO3
b) ZnCO;3
¢) CePO,
d) PbS

)@ ) by )
71. The soddfility of AgBris 5.4 x 107” mol/L. What is the K& of AgBr? =
o ¥ =y?=$9n00

d)3.0x10™
¢) none of the above

A foldly

72. The sob%ty of CaF, is 3.9 x 10" mol/L. What is the *{p of CaF,? _
11 - - = q
g O B T
5 n10° 4 dy3 =390 !
.1 % 10* X A -4
®) none of the above ¥ 3= ‘-?.'U' X W
g2 2uxl0”
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73. What is the solubility of barium sulfate in otherwise pure water? The Ky, value for barium sulfate is 1.1 x 1077,

a. 74x10°M d. 22x10°M 6a_(‘gq — Aa™ 4 f&,?

b. 55x10" M e. 1.1x10"Mm

=
Ts. 6 1.0x10° M e 2
=

74. Stalactites—the long, icicle-like formations that hang from the ceilings of caves—are formed from calcium carbonate.
The K, of calcium carbonate is 4.5 x 10, What is the ¢6ncentration of calcium ions in a saturated calcium carbonate

solution? _
Cal0, —>1Ga™ 4l cof

a. 0.00104 M d 225x10°M
2 X

b. 45x10° M e. 45x10°M

6 6.7x 10° M k=45xo = v

75. Lead pipes were used at one time for delivering drinking water. What is the maximum possible concentration of lead in
this water if it comes from lead(II) hydroxide (Ky, = 2.8 x 107'%) dissolving from the surface of the pipes? Note the

EPA limit on lead in drinking water is 7.2 x 10~ M. %@‘0 — ( ’b)‘- + )_-OH
a.441x10°M d. 51x10°M d e 2

- L6x10°M e. 83x10°M A 3
¢ 65x10°M K= 26x10" = y

W

76. The solubility of PbBr; is 0,427 g per 100 mL of solution at 25°C. Determine the value of the solubility product
1. Find Ksp from tant for this st lectrolyte. #
constant for this strong electrolyte pb&,} (S) —_ ’b + }&'

solubility
2. Solubility givena. 5.4 x 10 )(_Eé _ ,4}7’ ( “04 d. 1.6x10° }X

; 1’4
in g/mL rather thanb. 2.7 x 107 e 763x10°
gy e 2w e g (st (onw)( canY’

3. Here, needed to
calculated mw in p— A
order to convert g | 0“ 6 %J':. "4 l< =[%7%r32

=>mol

o

__77. Purveyors of salts fropethie Degd Sea advertise that it is healthy to bathe in a saturated solution of magnesium chloride
1. Ksp=> (MgCl,, 95.21 g/mol, XK, ow much magnesium chloride would you have to purchase to make up 10.0 L of

rznolgrcil(l);lllbility bath water saturated with iagrésium chloride? G W M 52 [ l
' c ( s ) ¥ (q= LO L I
volume => a. 9.0kg 57 ( il , w
actual moles b. 12kg g l [ L ;

” -—

3. Actualmoles|c. 57k

Phctme < T plycy, — My 230 L =g
¥ M yyd=T740

= v =58 nd/

78. Stalactites—the long, icicle-like formations that hang from the ceilings of caves—are formed from calcium carbonate.
Droplets saturated with calcium carbonate hang and evaporates, leaving solid calcium carbonate behind. The K, of

1. Ksp=>
molar solubility calcium carbonate is 4.5 x 10°°. What is the volume @g‘roplets saturated with calcium carbonate that would be
.0 kg?

2. Actual required to form a small stalactite that had a mass of 1 d
grams =>actual , |, 0oL 2 [ co*” d 45x10'L e ? Mdrdr (2 me
13110113?5 b 1sxier A G+ J e 15x10°L
. Actual moles e 45%10°L (q S,n 0'4) 2
=> volume o = = i
K= ¥ yL=l.0kq/l0”5 ”M l [L

Tiky (10g Gwond

k? —77 —'@—7 L



Common ions:

1. Inhibijt solubility
2. Make concentrations of cation and anion unequal
3. Simplify solubility calculations 4. Qualitative LeChatelier push to the left 16

Impact on Solubility When €ommon Ions jre Present

= 79. What is the solubility of barium sulfate in a solution also containing 0.050 M sodium sulfatsiwhich is fully soluble)?

The K, value for barium sulfate is 1.1 x 10'°. >~
" & baog = 4" 5

T a. 74x10°M 22x10°M W4

= b. 55x10' M L1x 10" M x 7 a0
c. 1.0x10°M 0 X

Finding the solubility for the "other" ion K = l, l X ,0 = Cx) (. 05 d =

when one is known.
The "other" ion defines the overall

solid's solubility
80. What is the solublhty (in moles/L) of CuCl in a solution that als

(K, CuCl = 1.0 x 10°) N
cuallfy =M+ ¢

a)1.0x 10°
1.0x 10
Cc)}s.0§ 10 ﬁ?_ﬁ_ @ K= MO-b-‘G()é O'd
27X 10
¢) none of the above

tains\0.020 M CuNOs fthe latter is fully soluble).

81. When sodium chloride is added to a saturated solution of lead(II) chloride, some of the lead(II) chloride precipitates.
Thjs results from what is called Py -
i d. asolubility anomaly. % Cl), (S) < ,b +2 C(

the common ion effect.
selective precipitation. e. deionization. Cl@

c. supersaturation.
extra

wouw

would the concentrations be different after so as added to the solution?

a. The resulting [Ag+] and [C]'] would both end up higher than they were originally. A | = + 4 a =
b. The resulting [Ag ] and [C1'] would both end up lower than they were originally. 7C A’

The resulting [Ag” would be larger but the resulting [C1 ] would be smaller.
d The resultm ould smal ut the [C1'] would be larger.

[Ag'] and [C would remain the same because the solution is saturated. a‘-bf

82. Consider a saturated solution of AgCl in water. Comi ared to the original concentrations of the [Ag'] and [CI ], how

83. Which of the following, when added to a saturated solution of LaF;, e solubility LaF;? (Kq=4 x 10-17)
a) Addition of soluble KNO; % -
b) Addition of solubl 03)s La 5

s ddition of solubl
ddition of HNO, J/ f-K'B

84. When a solid partially dissolves to produce two ions, the solubility can be reduced if either of the two ions is supplied
by a different source. This reduced concentration of one of the ions, and reduced solubilty of the parent ionic solid, is

the result of what’s called the

a. ionic suppression effect. d. excession effect.
fect. e. supersaturation effect.

W

¢. common ion effect.



1. Any solid that produces @vill be more soluble at acidic pH

2. Any solid that produces a NONBASIC anion won't care about pH. 17

[\ 3. Acid reacts with and removes basic anions, so LeChatelier "pulls" to the right
Impact of pH 0)( Solubility 4. For a metal hydroxide, the hydroxide concentration can be quantified from pH, so

solving for the "other" ion become easy
= 85. Which 6t the following statements is FALSE?

a. Any solid that produces a basic anion will become more soluble at low pH "7

T b. Low pH increases solubility for solids that produce basic anions, because the acid reduces the concentration of the ? =
= hasicanion. LeChatelier then forces more solid to dissolve, resulting in elevated concentrati ation.
c. olids that produce basic anions, the concentration of anion is lower than the concentration of the cation at low

F
H
'I Eor metal hydroxides, solubility decreases at high pH where hydroxide concentration is high

k For solids with nwmns like chlorides or bromides, solubility is still higher at low pH.

—
86. Manganese carbonate (MnCO;) has low solubility in neutral water (8 mg/L), but dissolves completely in water whose
hich of the following explanations are true? .

1. Atlow p@ontinuously and irreversibl;r remoyes carbonate ion T C%" £ 2 H—l-‘9 & C 0.3

2. Atlow pH, OH continuously removes Mn”" ion
3. All solids always become completely soluble in acidic solution F

Mu CO. M
byZ2 onl —2 ~2
e 180 =27 + cq
d) 1 and 3 only
e) 2 and 3 only

IR

= 87. As the pH decreases, the solubility of would increase.
e e _—
a. lead(Il) chloride d. mercury(I) bromide
= b. silver(I) iodide e. silver(I) chloride

¢. ) calcium carbonate

4

88. Which of the following compounds w a pH dependent solubility?
a. Mg(OH), = 4. NaO ,Uon bﬂ.(l C
S

e. PbS
c. Ag mel-c Cl@

__awon
L I° g

dependent solubility?

89. Which of the following compounds woyfd not have apH C
a. Fe(OH), bait Qi oy Cl 0(( )@t; ‘
E—AgCN ——

b. MH(N3)2
c. AgF

W

90. Which of the following compounds would not have a pH dependent solubility?

a. FGCO3
b. Zn(OH),
C. Ca(HCO3)2
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General Chemistry 11 Jasperse
Buffer/Titration/Solubility. Extra Practice Problems

ANSWERS

1.

03N N bW

©

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

C

Answer: A buffer consists of a weak acid
and its conjugate base in roughly equal
amounts. If acid is added to the solution, it
is consumed by the conjugate base. If base
is added to the solution, it is consumed by
the weak acid. If the amounts are such that
the ratio of conjugate base/weak acid
concentrations doesn’t change much, then
the pH doesn’t change much. Dilution
does not affect the pH because this
concentration ratio doesn’t change upon
dilution.

ovenAomgogwmaQQwgr>rOrrQww
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42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

ATP>OOEP>PHIOTITP PO ITITQOORRITIORT

PbCly(s) — Pb**(ag) + 2CI (aq)
K, =[Pb*][CIT

moQOQrTmQOU0OPrPQUEOOH>POQO0WOOW
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