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Figure19.5 The relation between buffer capacity and pH change.
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! added, the pH increases
least for the most
concentrated buffer.
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Sample Problem 19.3 Preparing a Buffer

PROBLEM: An environmental chemist needs a carbonate buffer of
pH 10.00 to study the effects of acid rain on limestone-
rich soils. How many grams of Na,CO; must she add to
1.5 L of freshly prepared 0.20 M NaHCO; to make the
buffer? K, of HCO5 is 4.7x10-"1.

PLAN: The conjugate pair is HCO;™ (acid) and CO,2- (base), and we
know both the buffer volume and the concentration of HCO;~.
We can calculate the ratio of components that gives a pH of
10.00, and hence the mass of Na,CO that must be added to
make 1.5 L of solution.

SOLUTION:
[H,O*] = 10-PH = 10-1000=1 0x10-19 M

HCO,~(aq) + H,0()== H,0%(aq) + CO(aq) K, = o2 IO

@~ T [HCO;7




K,[HCO;] (4.7x10-11)(0.20)

CO] = = =0.094 M
O == oq 1.0x10-10
Amount (mol) of CO,2- needed = 1.5 L soln x 9-094 mol COz*
1 L soln
=0.14 mol CO,2-

0.14 mol Na,CO; x 109-99 9 Na,CO; 124570 'Na.co,
1 molNa,CO,

The chemist should dissolve 15 g Na,CO; in about 1.3 L of 0.20 M
NaHCO; and add more 0.20 M NaHCO; to make 1.5 L. Using a pH
meter, she can then adjust the pH to 10.00 by dropwise addition of
concentrated strong acid or base.

.>9.$ kS)L’ 9 ‘5A¢.w| A | S 3o as tsﬁ M ‘_.;Ub)‘lg b W ‘_gUbA.g,m‘ )b/M‘ ‘5'&;@[“»

+ H,0 :-+ H,0"

In + H,O = InIH_

+ OH™

[H3O+] [In"]
t [HIn]

[HIn]
[In"]

@r pH range = pf(;)

[H,07] = K,




TABLE 14-1 | S5l 4 (oad SIS )48 S
Some Important Acid/Base Indicators

Common Name Transition Range,pH = pK,*  Color Change’ Indicator Type'

Thymol blue 1.2-2.8 1.658 R-Y 1
8.0-9.6 8.968 Y-B
Methyl yellow 29400 W Roy 2
Methyl orange 3.1-4.4 3.46 R-O 2
Bromocresol green 38-5.4 668§ Y-B 1
Methyl red 4.2-6.3 ~\ 08 R-Y 2
Bromocresol purple 5.2-6.8 . 12§ Y-P 1
Bromothymol blue 6.2-7.6 \ 1) 7.108 Y-B 1
Phenol red ‘ 6.8-8.4 7.818 Y-R 1
Cresol purple 7.6-9.2 Y-P 1
Phenolphthalein 8.3-10.0 C-R 1
Thymolphth@ 9.3-10.5 C-B 1
Alizarin yellow GG ‘ 10-12 CcC-Y 2
*At ionic.strength of 0.1, \ '
"B = blue; C = colorless; O = orange; P = purple; R = red; Y = yellow. ‘
*(1)Acid type: HIn + H,O =H,0" + In"; (2) Base type: In + H;O=InH" + OH} N
YFor the reaction InH* + H,0 = H,O" + In
\
b/ sl (& Ggumwl yiod
\
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Figure 19.8
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Curve for a strong acid—strong base titration.
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14

Titration of 40.00 mL of 0.1000 M HCI
with 0.1000 M NaOH
HCl{ag) + NaOH{ag) — NaCl(aqg) + H,O/)

\ The pH increases gradually
when excess base has been
added.

Y
Phen_ofphil‘hafem
The pH rises very rapidly at

______ . =7. \ the equivalencv point, which
- equivalence point occurs at pH '7 .00.

)

he initial pH fsvew.

10 20
Volume of NaOH added {mL}

)

40 + 0 = 40 40 + 20 = 60 4U+40—BD 40 + 60 = 100 .

H,0*, CI-

(acidic)

H,O*, Na*, CI” Na*, OH™, Na™, CI~

(acidic) (neut ral) (basic)
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Initial pH
[H30°T = [HA]ini
(PH = =log[H:0"]

(65l o) ¥y ST 51 8 bl

/ pH before equivalence point \
initial mol'H;0% = Vciq X Macig

mol'OH~ added = Vi, X Mpase

Mol H30% emaining = (MOl H3O%5t) — (Mol OH;qqeq)

mol H30+remaining

[H307] = pH = —log[H;07]

\ Van:id + Vbase /

Syl o akais o pH

pH at the equivalence point

pH = 7.00 for a strong acid-strong base titration.
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/ pH beyond the equivalence point \

initial mol H3O* = V..y X Mg
mol OH~ added = V| ;c0 X Mpaee

mol OH_excess = (ITIG| OH_added) - (ITICI| H30+init)

mol OH_excess

[OH] =
Vacid + Vbase

pOH = —log[OH"] and pH = 14.00 - pOH

/
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40.00 mL of 0.1000 M HCl is titrated with 0.1000 M
NaOH.

N1V1=N2V2 258 asilan 5 5)) an adaliaas Soaly 125 :J>

&9y akadli

[H,0"] = [HCI]. , = 0.1000 M

pH = —log(0.1000) = 1.00
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Initial mol of H,O* = 0.04000 L HCI x 0-1033 Mol _ 4 000x10-% mol H,0*

OH- added = 0.02000 L NaOHx 9-1000 mol _ 5 450410-2 mol OH-
1L

H;O* remaining = 4.000x10-2 — 2.000x10-2 = 2.000x10~* mol H;0O*

2.000x10-3 mol
0.04000 L + 0:02000 L

pH = —log(0.03333) ='1.48

=0.03333 M

[H;0 =

2‘5})‘ﬂ.b4.b.ﬂ.;)é
i
[H,0*]'s [OH ] VK, |= V1.00 X 107" = 1.00. X 1077 M

pHYE —log[H,0] = —log(1.00 X 10 7)="7.00

(63 o2 o ) Sgw yid (o 500 140 ST A8LS! 51

OH- added = 0.05000 L NaOH x 9:1000 mol _‘='0 56 10-3 mol OH-
L

OH-in excess = 5.000x10-3 — 4.000x10~3 = 1.000x10-3 mol OH-

[ 4l U se]

=0.01111 M

1.000x10—2 mol
0.04000 L + 0.05000 L

[OH-] =

pOH = —log(0.01111) = 1.95 pH=14.00-1.95=12.05
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Figure 19.9 Curve for a weak acid—strong base titration.
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The curve rises gradually
in the buffer region. The
weak acid and its
conjugate base are hoth
present in solution.

Total valume (mL) 40 + 0 = 40
Major species present HPr
(H-O omitted) (acidic)

~ .

pH

Titration of 40.00 mL.of 0.1000 M HPr with 0.1000 M NaOH

HPr(aq) + NaOH(ag) — NaPr{ag) + H,O())

] "

Phenolphthalein N

The pH increases slowly
beyond the equivalence
point.

The pH at the equivalence
point is > 7.00 due to the
reaction of the conjugate
base with H,0.

pH = 8.80 at
equivalence point

P =Pr1f | MMetryired

The initial pH is higher than
for the srron% acid solution.

Strong acid—slltrong base curve

T T T T L T T 1
10 20 30 40 510 60 70 80 '
Volume of NaOH added (mL)

40 + 20 = 60 40 +40=80 40 + 60 = 100
HPr, Pr=, Na* Pr=, Na* OH™, Pr7, Na* .
(acidic) (basic) ’ (basic)
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Ka

_ HOIA]
[HA]
pH = —log[H;0"]

Initial pH N

[H30*] = VK, X [HA] ¢

(635) o2) W5 55T 5 Job blis



/pH before equivalence poirh

[H0% = K, x [HAl  or
[A7]

[base]
[acid]

. /

6)}‘&0@)épH

/ pH at the equivalence point \

A~(aq) + H,O()== HA(aq) + OH(aq)

pH = pK, + log

[OH ] = VK, X AT

mol HA;.
where [A] = —— — = and K, = Al
Vacid * Vbase Ka
K
[H:0']= ———— and pH = -log[H;0"]
'\I'Kb X [A_] /
30l o2 g b

/ pH beyond the equivalence point \

[OH]= — [H,0%] = KW_
Vacid + .Vbase [OH ]

pH = —log[H;0"

. J
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Sample Problem 19.4 Finding the pH During a Weak Acid-

Strong Base Titration

PROBLEM: Calculate the pH during the titration of 40.00 mL of
0.1000 M propanoic acid (HPr; K, = 1.3x10-5) after
adding the following volumes of 0.1000 M NaOH:

(a) 0.00 mL (b) 30.00mL (c) 40.00 mL (d) 50.00 mL

PLAN: The initial pH must be calculated using the K, value for the weak
acid. We then calculate the number of moles of HPr present
initially and the humber of moles of OH- added. Once we know
the volume of base required to reach the equivalence point we
can calculate the pH based on the species present in solution.

SOLUTION:
(a) [H;0% = VK, x [HPr],, = V(1.3 x 10-5) (0.100) = 1.1x10-* M

pH = -log(1.1x10-%) = 2.96

Sample Problem 19.4

(b) 30.00 mL of 0.1000 M NaOH has been added.
Initial amount of HPr =0.04000 L x 0.1000 M = 4.000x10~-2 mol HPr
Amount of NaOH added = 0.03000 L x 0.1000 M = 3.000x10-3 mol OH-

Each mol of OH- reacts to form 1 mol of Pr-, so
Concentration (M) HPr(aq) + OH-(aq) — Pr(aq)+ H,0(/)

Initial 0.004000 0.003000 0 -
Change -0.003000 -0.003000 +0.003000 -
Equilibrium 0.001000 0 0.003000 -

[H:01] = K, x HPT = (4 3540-5)x 0.001000 = 4.3x10-5 M
[Pr] 0.003000
pH = -log(4.3x10-6) = 5.37



Sample Problem 19.4

(c) 40.00 mL of 0.1000 M NaOH has been added.

This is the equivalence point because mol of OH~ added = 0.004000
= mol of HA

All the OH~ added has reacted with HA to form 0.004000 mol of Pr-.

[pr—] — 0.004000 mol = 0.05000 M
0.04000 L + 0.04000 L

-14
Pr-is a weak base, so we calculate K, = Ky |- 10x107% _ 7.7x10710
K, 1.3x107°°
K 1.0x10-14
[H;O%] = L— =< =1.6x10° M

VKX P (7 7x10-)(0.05000)

pH = -log(1.6x10-%) = 8.80

Sample Problem 19.4

(d) 50.00 mL of 0.1000 M NaOH has been added.

Amount of OH- added = 0.05000 L x 0.1000 M = 0.005000 mol
Excess OH- = OH-,yqeq — HA = 0.005000 — 0.004000 = 0.001000 mol

mol OHcess _ 0.001000 mol

[OH] = =00M1111 M
total volume 0.09000 L

H,0= R = X107 _ g ox10-2 11
[OH] 001111

pH = —log(9.0x10-'3) = 12.05

Fy o9
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Figure 19.10 Curve for a weak base-strong acid titration.
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Titration of 40.00 mL of 0.1000 M NH3 with 0.1000 M HCI
NHy(ag) + HCllag) — NH,Cl(ag)

14
N

The pH deg:reases 12 (NH3] = [NHa*]
gradually in the buffer ;
region. The weak base 10/ _ Phenolphthalin
and its conjugate acid [ /"
are both present in _ f' )
solution. & i - Tht_e p.'_-l at the equivalence

/87 |*!  pointis <7.00 due to the

. Mty 1o rea:;tm;rho:, tge conjugate
N
PH = 5.27 at f Eaa wi 2
equivalence
2 point \
/ 0 | 1 I | I I
10 20 3 40 50 60
Volume of HCI added (mL) S
\ f
Total volume (mL) 40 + 0 = 40 40 + 20 = 60 40 +40=80 | 40 + 60 = 100 .
Major species present NH,4 NH,, NH,*, CI- NH,*, CI~ H,0*, NH,*, CI~

[~ (H0O omitted) (basic) (basic) (acidic) (acidic)
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Figure 19.11
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Curve for the titration of a weak polyprotic acid.
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pKao = 7.19

I
o

Titration of 40.00 mL of 0.1000 M HoSO3 with 0.1000 M NaOH

14 -

Because the K4 values afe
separated by several orders

129 of magnitude, the titration curve

looks like two weak acid-strong
base curves joined. -

10 \ pH = 9.86
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\ (8032~
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6 !
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