PART A Giver  10mL of 0.10 M NaA (aweak base)
QUESTION 9 0.10 M HCl (astrong acid)
K, = 1.0 <107 (PK, = 5.00)
To sketch: a titration curve of NaA with HCI WB + SA)
(a) addition of 5.0 mL HCI
NIE: A + HO'(ag) — HA() + HO(0) (WB + SA)
I 10mL, 0.10 M 5.0mL,0.10 M -
1.0x 103 mol 5.0 x 10 *mol -
C: © 50 10 *mol ©50x10%mol @ 50x10“mol
E: 5.0x 10“mal - 5.0 x 10"“mal

(b) addition of 10 mL HCcl
NIE: Aa) + HO(ag) — HA(ag) + HO() WB + SA)
I 10mL, 0.10M 10mL,0.10 M -
1.0 x 103 mol 1.0 x 103 mol -
C: © 1.0x 10“mol ©10x103mol @ 1.0x 10 *mol
E: - - 1.0 x 10~3mol
MAJOR SPECIES | A~ A’(aq), HA(aq) HA(aq), H30+(aq)
10 i I
8 a
BUFFER REGION (pH 4 - 6)
6 F
pH 5.00 =
al A .
| equivalence
3= <—  point
2t half-neutralization
O 1 1
5.0 10.0
0.10M HCI (mL)
At half-neutralization At complete neutralization (i.e. at equivalence point)
() n(A") leftover = n(HA) produced (1) n(A") consumed = n(H,0") reacted
= 50x 10“mol = 1.0>x10%mol (i.e. WB = SA)
(e [A]=[HA] or WB = WA) (2) n(HA) produced = 1.0 < 103 mol
(2 11buffer (i.e. all A (aq) is theoretically converted to HA(aq))
(3 pH = pKa = 500 (@) [HA] = 0.10M <2 = 0.050 M (- volume double)
- e A (4) pH at equivalence point = 3.15
(4 maor species. ANaE?g()q) Hg‘:&; (5) major species:  100% HA, Na*(ag), Cl (aq)




Given @® 250 mL of 0.10 M CH,COOH(agq) (aweak acid)
QUESTION 10 @ 25mL of NaOH (astrong base)
@ pH = 490

@ K,(CH,;COOH) = 1.8x10°M

- PK4(CH,COOH) = - logK4 = - log (1.8 x 10°5) = 4.745

Tofind:  ¢(NaOH)

WA + SB Titration

CH;COOH(aq) + OH(ag) CH;COO (ag) + H,0O(0)
250 mL 25mL -
0.10M ?M
0.025 mol X
C: e X o X
E: (0.025- X)mad -

(where X = n(OH") needed to neutraize with CH;COOH to reach pH 4.90)
X = n(CH,COO") produced = n(CH;COOH) ionized

[WB]
[WA]

[CH,COO ]
[CH,COOH]

pH = pK_ (CH,COOH) + log

X

490 = 4745 + lo ——
> 0.025 - x

X = 147x102mol = n(OH) required
c(NaOH) n(NaOH) + V(NaOH)

(L47 x 102 moal) + (25x 10°3L)
0.59mol L



PART A
QUESTION 11

Gven @© [C,HsCOOH] = 0.100M (aweak acid)
Inatotal of 1.00L, n(C,H;COOH) = 0.100 mol
@ [C,HsCOON4d] = [C,H:COO]= 0.150M (its conjugate weak base)
Inatotal of 1.00L, n(C,H;COO") = 0.150 mol
@ n(HCI) added = 0.020 mol

@ K,(C,HsCOOH) = 1.34x10°M
pK, (C,HsCOOH) = - logK, = - log (1.34 x 10°) = 4.873

Tofind: thechangeinpH (ApH)

BEFORE addition of H;0™

[WB] [C_H.COO ]
PH = pK, +log=—=== |sH = pK, (C,H.COOH) + log —25
: [WA] PR (CH,CO0) 108 1 o0m
OH - 4873 + log220M 7 1L 4873, (0176) - 5049
010 M / LL

AFTER addition of 0.020 mol H;O0™

SA + WB Titration

HO'(ag) + C,HsCOO (ag) = C,HsCOOH(ag) + H,O(()
I 0.020 mal 0.150 mal 0.100 mol

C: © 0.020 mol © 0.020 mol @ 0.020 mol
E: - 0.130 mal 0.120 mal

OH - 4873 + log 2230 mal / -100L 575, (003476) - 4.9078
0.120 mol / ~1.00 L

ApH = find pH - initid pH = 49078 - 5049 = -0.1412
= —=0.141 (decreased by 0.141 pH units)



PART A Given  [sodiumbutyrate] = [Bu] = 0.25M (aweak base)
QUESTION 12 [butyricacid] = [HBuU] = ? (itsconjugate weak acid)
Ka(HBU) = 1.5x% 10°M

pK, (HBU) = - log K, = - log (1.5 x 10°) = 4.824

(@) pH of a0.25 M unbuffered solution of sodium butyrate
Bu(ag) + H,O(0) < HBu(ag) + OH (a0)
I: 0.25M - -
C: e X ® X

E: (0.25- x) M X

(where X = [OH] produced = [HBU] produced = [Bu'] ionized)

[HBu] [OH ]

KW
Kp(Bu) = =—e——rm
[Bu~]

K, (HBU)

X (¥ _ 10x10" Mm?2

= 6.67 x 1010
0.25 - x 15x 10° M
1# approximation: 1291x10°M
2" approximation: 1.291 x 10°°M
X = 1291x10°M = [OH]
pOH = -log(1.291x107°) = 4.889
pOH = - log [OH"]
pH = 1400 - pOH = 1400 - 4889 = 9111 = 911

(b) netionic equation and the equilibrium constant for the reaction
I HCl(ag) isastrong acid, and must react with the conjugate base buffer component

(i.e. Bu).
HO'(ag) + Bu(ag) = HBu(ag) + HO(0)
K- [HBU] . 1
¢ [H,0'] [Bu] K, (HBU)
1

= 67x10* M1




(c) resultant pH after addition of 20.0 mL of 0.100 M HCI

HsO"(aq) Bu (ag) HBu(ag) + HO(0)
20.0 mL 100 mL -
1.00M 0.25 M -

0.0200 mol 0.025 mol -
C: ©0.0200 mol © 0.0200 mol ® 0.0200 mol
E: - 0.005 mol 0.0200 mol

[WE]

H = pK, + I
P pa+09[WA]

[Bu]

H = pK, (HBU) + |
P K, ( )+09[HBU]

@® K4 (HBU) = 1L5x10°M
pK, (HBU) = - logK, = - log (1.5x10°%) = 4.824

@ total volume = 100 mL Bu(aq) + 20.0mL HCI = 120 mL

0.005 mol / 120 mL
0.0200 mol / 120 mL

pH = 4.824 + log

N

pH = 4.824 + (-0.602) = 4222 = 42

(d) Isthesolutionsprepared in Part (b) a buffer solution? Explain.

Yes, itisabuffer. Thisbuffer is prepared by mixing astrong acid (HCl) with aweak
base (sodium butyrate, Bu'), where HCl(aq) isalimiting reactant. Some of Bu (ag) is
converted to HBu(ag) by the addition of strong acid, Hcl(aq).



PART A

QUESTION 13

Givenr  V(water sample) = 250 mL
dkdinity of water =  4.31 mmol H* per litre
=  4.31x103mol H" per L
=  acidity consumed per L
V(HCl) = 20.48 mL to reach the methyl orange endpoint

Tofind: c(HCI)

(acidity consumed per L) > V(water sample)
(alkalinity of water sample) > V(water sample)
(4.31 > 10°mol H* per L) =< (250 =< 10°L)
1.0775 >< 103 mol H*

c(HCI) = nHY) = V(HC))
= (LO775x 102 mo HY) + (20.48 x
10°3L)
=  5.2612x102mol L
=  526x102M



