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How does the body maintain pH ~7?

Remember it will have to constantly adjust to changes in pH
From an enormous number of chemical reactions!!!

Control is ultimately based on CO,

s = Prok:

moles  Respired (breathed) air P, =0.23 mm Hg
L-atm Pressure increases through mechanics of lung
Aorta P-5,=41.8mmHg

(42mm )(ﬂj(uxlo*Z Lj - 187x10° M
2 )\ 760mm/\ ™ L-atm/ ~ 27

k, = 34x107°

el 0, (erygemsced Slagd

sarbamise.

E BB
11

All dissolved CO2 goes to carbonic acid

Mearsemre

£0, Content (o 0, /4L Vioed)

1
B

CO,, + H,0, 2 H,CO P L L L.

3aq P )

Carbonic acid is a weak acid
(anion is high charge density, Oh Card me PleaSe!)

H,CO;,,, + H,0, 2 HCO, .~ + H,05, K., = 44x10°7

3,aq 3,aq

[HCOL [HiOun] X107+ x) . X2
[H:C0umma]  ([H:COmmi |- ) ([H:COsmi ]

X = 3/ Kya[H,COu it | = (44x107)(187x10°%) = 1/8228x10™ = 286x10°

[H,05,. = x

al =

p[Hs0z,. | = - loo(286x10°) = 454

This is too low!!! —we would not have the
Right amount of ionization on the protein

H,CO,,, + H,0, 7 HCO,, " + H,0;, K = 44x10”
HCO3a +H O/ eCO3aq + H;.;O;q Kaz =47x107"
p[H;0%,. | = - l0g(229x10°%) = 454 NO. would

Will the pH get to the “right” value by the second acid | Only slightly

Dissociation reaction?et’s make an “intelligent” guess | '"crease acidity

cor- Tno 5 m
Ky, = [coz. ] aqeq]f X(286x10° + x) Koz = (286x10)

we 286x10°° -
[HCO saa] (286107 - %) X2 + (286x10°°)x - 134x107 = 0

286x10°° - X)K,, = x(286x10°° + x) 286x10° + \/(2'86“075)2 ~ (- 134x20)
X=
2
286x107°K,, - XK, = 2.86x107°x + x?
w2 e ' - 286x10° £ 1/81796x10 + 536x10°
X2 + 2.86X10°x - 286x10°K,, + XK, = 0 g 6X13,5 ¢ 28600093x10-"
) 2

21 (286x10°° + K, )x - 286x10°K,, = 0

X
2 2 9.37x10 o
21 (286x10°° + 47x10 M )x - (286x10°)J47x10 ™ = 0 X= < 468x10

H,CO,,, + H,0,2 HCO,,,” + H,0;, K, = 44x10”"

Dissociation reaction? Oyyeq | = -~ 109(2.29x10°°) = 454

Will the pH get to the “right” vaIITe by thﬁj second acid
p|H

HCO "+ H,0;, K, =47x10"

"+ H,0,2CO

3.aq 3 aq

To tweak blood pH to 7.4
red blood cells (RBC)
control [HCO47]

RBC ||~ [HCOSaqeq] - 40x107°M




H,CO,,, + H,0, 2 HCO, .~ + H,0;,

[H CO“‘”“] 187x10°

[H Cosaqeq] [ aneq]

[Hco3 eq] pH = - log(4.4x10™7) - 10g(0.0779)

[H,C0,...] pH = 6.35- (- 1.108) = 7.45

[HCo,., | [ [H:COs ]

" [Hcos,

Value can be controlled

pH Iog[H 0O, eq] - log| K by red blood cell

H,CO,,, co,, = 187x10°M oH = ~logK., - log [ C(;3aq e]q]
3.eq

[HCO e ] = 24x107°M

" K, = 44x1077

]

- TV gl X810 7
pH = - log(4.4x107") Iog( a0 2

Plasma  Peo.s = 40mm=12x10°M

HCO;=24mmol/L
pH=7.4

a ;
e
é Carbonic anhydrase

o HCO,,, + H,0" a

3.0

That is the Context for Buffering

1. Must control concentration of both
1. Conjugate acid
2. Conjugate base

2. So what are the equations, etc. necessary
to determining the buffering of a solution?

1 WANT YOU
TO PRACTICE

EVERY DAY!

“A” students work
(without solutions manual)
~ 10 problems/night.

Dr. Alanah Fitch
Flanner Hall 402
508-3119
afitch@Iuc.edu

Office Hours Th&F 2-3:30 pm

Module #17C:
Buffering and Titrations

Henderson/Hassalbach
Buffer Equation




The body controls the pH ([H*]) concentration in blood by
1. controlling WA H,CO, via CO,
2. controlling WB HCOj4™ through activity of the red blood cells
3. The WA and WB are linked (conjugates) so that an
equilibrium can be written between the two

H,CO,,, + H,0, 2 HCO,,,” + H,0,,

4. All parameters are constant, leading to constant pH
[HZCO3,aq,eq

pH = pK,, - log W
3.eq

5. This process is called buffering
A general equation can be written

PH = pK, - Iog[[Tia“‘T]J

+eq

()| -, 1o 2222]
PH = pK, + log (mmoIeHAj [A'eq]
| totalmL
I -mmOIeAi[totallmL] H K + IO mmOIGA_
H = pK, - = _
P P OgimmoIeHA(mj p p a g mmOIeHA

moles
L

103 mmoles x L = mmol@)
moles 10° mL mL

mL x mmoles = mmoles
mL

mL X M = mmoles

Henderson Hasselbach Equation

PH = pK, - Iog[[H[A'aq'eq]] OR [pr- ek Iog{[ [A:]q]}

A

mmoleA~
mmoleHA

Linked (conjugated)
pH = pK, + Iog{

if mmoleA™ = mmoleHA
pH = pK, + log[1] = pK, + 0
pH = pK,

OJO thisis NOT
the “equivalence point”

mmole(titrant) = mmole(titrated)

Fitch Rule G3: Science is Referential




Buffer Example 1 what is equilibrium pH of a solution of 1.0
M HF, and 1.0 M NaF? K, HF =7.2x10

Do we have linked WA and WB both present?
[ |
HF,, + H,0, 2 H,0,, + F

pH = pK,
Yes = buffer
A - -4
oH = pK. + log {HAH K,=7.2x10
e pH = - log(7.2x10*)
pH = pK, + log [HF]}
- pH = - log(7.2x10*) = 314
10
PH = PK. IOg,E} In preceding module 17B we calculated the pH of

A solution of 1.0 M HF and found it to be
pH = pK, + log[1] pH = 157

pH = pK, +0 What causes the difference?

LeChatlier’s Principle

HF,, + H,0, — 20,y 0 + F, [pH=157

NaF,, + H,0,—=™“ S F_ + Na,,

1

HFaq n HzoI HF push to right H3O;q + Faa pH Z 314

Effect of added NaF is to reduce the ionization of HF

Buffer Example 2:What is the pH of 1.0 M H,CO; in
the presence of 1.0 M NaHCO,

What is in solution? Are the chemical species linked by an equilibrium
reaction?
H,CO

+ H,0, 2 HCO,,,” + H,0;, K, = 44x10"

3,aq 3,aq
Solution contains a weak acid in the presence of it’s linked
(conjugate) weak base

[A]

[HA]

pH = 6.36 + log(1)

pH = pK, + log pH = 636+ 0= 636

1M[NaHCO, ]

H = - log(44x107") + lo
P o )+ log 1M[H,CO,

Buffer Example 3:What is the pH of a solution
containing 0.25 M NH; (K, = 1.8x10-°) and 0.40 M
NH,CI?

What is in solution? Are the chemical species linked by an equilibrium
reaction?
NH,,, + H,0, 2 NH,, + OH,, K, =18x107

4aq
-14
+ H,0;, k oK 107 _5epxi0®

3,aq

or NH; . -
K, 18x10

daq

+H,0,2 NH, .
Solution contains a weak acid in the presence of it’s linked
(conjugate) weak base

[A]

0.25
H = pK, + lo = —_—
p PK, g [HA] pH = 9.25+ Iog[ 0.41

pH = - log(555x107°) + log pH = 9.25+ (- 0.204) = 9.05

O.25M[NH3vaq]
O.4OM[NH* ]

4,aq
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I WANT You ,E\a/luc}?:rlienzl;lcd Titrations
To PR ACTI c E 4 Kinds of Problems

Reviewed

EVERY DAY!

WE Now KNow Now to do 4 Types of problems

Limiting Reagent must involve SA or Which reagent
SB HCIaq n NaOH completely, Limiting reagent CI;q n Hzoaq + Na;q is completely
completely, Limiting reagent - consumed?
HAaq + NaOH Aaq u HZan + Na;q Which remains?

+ - completely, Limiting Re agent - +
Na,, + A, + HCI HA,, + Cl,, + Na,,

WA HA, + H,0, 2 A, + H,0;,
i} [Ho ] A o)
] ([FA oK) [P
A, + H,0, 7+ OH, + HA,,
WB . [OH;Q][HAaqveq] K(x+107) E

b -

[l (][]

Equilibrium

Ayt H,0, 2+ OH;q + HA,

WA +conjugate o . RN L | IR {[A’m.‘]_
(inked) WB A + H,0,2 Ay + H Oy P P09 T 1 PR B g ]

To refresh your memory on Limiting Reagent Problems

Calculate the concentration of Na*, Cl;, CH;COO-, and CH,COOH in solution when
10.0 mL of 1.0 N HCI BJadded to 6.0 mL of 2.0 M NaAcetate acid{NaCH,COD).

Each solution is obtaified from made from a stock solutions at 1 atm pressure

What do we know What do we want What is a red herring?
10.0 mL 1.0 M HCI Conc.

5.0 mL 2.0 M NaCH,COO

1 atm

Classify the chemical substances added to solution:

Strong Acid (SA) Protonated low g/r aniof(No Clean Socks) HNO;, HCI, H,SO,

Strong Base (SB) OH +lowgfrCation (Group 1 and 2) NaOH, KOH, Ca(OH),...
Strong el(_ectrolyte (SE) Anion and Cation, low g/r NaCl, KNO;....
Weak Acid (WA)  protonated hi g/r anion_(Oh Card me PleaSe

Weak Base (WB)  Contains R grougsanion hi g/r with cation low g/t>

Other or unknown (OU)

Na,CO,

To refresh your memory on Limiting Reagent Problems

Calculate the concentration of Na*, ClI, CH,COO-, and CH,COOH in solution when

@?ﬁs added toB.0 mL of 2.0 M NaAcetate acid (NaCH,COO).

Each solution is obtained from made from a stock solutions at 1 atm pressure
(mL)M = mmoles

SA/WB
Determine the Limiting Reagent = . . @ o
Na,, + A, + HCI e e yHA,, + Cl, + Naj,

HCI can produce

o 2 e
1L, 1mole,, Imole,,.
WB can produce
H;q 4 CH3COO;q completely, Limiting Re agent CH3 COOHaq

(60m|_ ) 2.0moIeNacHacoo ]'mo'e(:HS(:oo’ lmOIECHQCOOH
: NaCH,COOl 1L 1m0|eNaCH3COO Imole

CH,CO0
SA (HCI) is limiting reagent, completely consumed, Ommoles
How much WB remains?

] = 10mmolesc,, coom

] = 12mmolesg,, coon
NaCH;CO0

WA formed is 10 mmoles




To refresh your memory on Limiting Reagent Problems

Calculate the concentration of Na*, Cl-, CH;COO-, and CH;COOH in solution when
10.0 mL of 1.0 M HCl is added to 6.0 mL of 2.0 M NaAcetate acid (NaCH,COO).
Each solution is obtained from made from a stock solutions at 1 atm pressure

SA/WB H;q n CH3COO;q completely, Limiting Re agent CH3 COOHaq

SA (HCI) is limiting reagent, completely consumed, Ommoles

WA formed is 10 mmoles
WB initial 12 mmoles; WB consumed:

10mole,, ][ Imole,,. ] Imolegy; coon | IMolegy, oo
1l Imole,,, 1mole,,. 1molecy, coon

(10.0mLHCI )( ] = 10mmolesc,, co0

Initial-consumed=12-10=2mmoles WB left

Concentrations after the limiting reagent reaction

10mmoIesCH3COOH (6mL)2M
CHyCOOH] = o= = 0625M [Na“]= o oo = 075M
_1 20mmolesgy, coon B (10mL)LOM
CH,CO0 |- 100mL+ 6om__ 012°M [er]- 100mL+ 6ome _ 28%M

To refresh your memory on Limiting Reagent Problems

Concentrations

10mmolescy, coon (6mL)2M
[oH,CO0H] = Jo i+ somL - 0625M [Na']= g ome - some = 075M
_1 2.0mmolesgy coon B (10mL)LOM
[eH,coo']- 100mL+ 6omL_~ 0125M [er]= 100mL + 6omL ~ 2625M

In the preceding problem what kind of equilibrium problem remains?

You have 3 choices:
WA
WB
WB and its conjugate WA (or WA and its conjugate WB)

We have present a weak acid (WA) and it’s linked (conjugate) weak base (WB)
[cH,CO0" ] = 0125M

Buffer equilibrium problem
[CH,COOH] = 0.625M

“A” students work
(without solutions manual)
~ 10 problems/night.
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Mo sk BeL canftgta W Titrations allow us to determine
Sorving tha Nortls Shora sinca 1955! the conc of an unknown




Titrations involve 1 of 3 LR followed by 1 of 3 Eq

Limiting Reagent must involve SA or SB
HCl,, + NaOH
HA,, + NaOH

Na,, + A, + HCI

completely, Limiting reagent

completely, Limiting Re agent

completely, Limiting reagent - +
Cl,, + H,O,, + Na,,
- +
Aaq + HZan + Naaq
- +
HA,, + Cl,, + Na,,

Which reagent
is completely
consumed?
Which remains?

WA HAaq +H,0,2 A;q + H3O;q
- [noifa.

x(x+107)

XZ

U [ana] ([ o)  [Rasini]

A;q +H,0,2+ OH;q + HAaq

Equilibrium

x(x+107) X

x2+x(K +10’7)—K[Init]:0 [A;“'E“]

wa .- oM, [HA ]

(Al ]

Ayt H,0, 2+ OH;q + HA,

WA +cgnjugate B N s oK s [A«] <K+ {[A’wt]-
(inked)\WB  HA, + H,0, 2 A + HOp P'™Pe 'Og{[HAﬁq] P19 [, ]
Equilibrium Calculation.
rx1  H,O H* OH-
55.5 10”7 10”7
Rz CH,CO,H H* | CH,CO,
init 0.200 10”7 0
change  -x +X +X
assume >>107
equil
[CHaCOEmn ][Hi;n] 0(1077) . K, = 18x10°%;try assumptions
= ’ = =< K— 2
[CH,COH,, | — 02 18x10°° =
Because rx goes to right 0.20
Sign of x is neg for reactants (18x10°°)(020) = x= 1897x10°
Titrate 40 mL 0.20 acetic acid with 0. 5
IS B L 20 check? yes.
pH = - log(189x107%) = 2.72

Titrate 40 mL 0.20 acetic acid with 0. 40 M NaO(&@ 5,10, 19, 20, 21,25 mL; K,
acetic acid = 1.8x10°®

Main Dish: Limiting Reagent Problem x>>107?
CH,COOH + OH™ - CH,COO" + H,0 x<<02?
Immol
(O‘ZOMacelicacid )(40mLaceticacid )[M] = smmOIeCH3cooi 020
Lmmolec,coon - 0001897
1mmo|eCHaCOO ) —_—
(040M 00, )(OML i )(W bleCH,CO0 019810263
Solution contains CH,COOH limiting
: : Sig fig, round to 0.2
Solution contains no NaOH Side dish: WA

Solution contains no CH;COO-

[rou] A
) [HABQ‘EQ] ([HAaq,inn]’ X) [HAaq,init]
K, = 18x107%;try assumptions

2 If you prefer —
(18x107°)(0.20) ~ x=1897x10°  do an ICE chart

[H2]= x=1897x10°
x(x+107) x?

pH = - log(1897x10%)
pH = 2.72

X
0.20

18x107° ~

Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH @10, 19,20, 21,25 mL; K,

acetic acid = 1.8x10°
mL pH
0 2.72

Main Dish: Limiting Reagent Problem

CH,COOH + OH™ -» CH,COO™ + H,O

1Immole imiti
cchooJ - 2.0mmoleCH,CO0" Limiting Reagent

(040M 00, )(BML o )( Tmole, ..

lm°|e(:H3coo

D20M g1, coom )(40MLcy, o0 )[ ol ] - 80mmoleCH,COO"
CH,COOH

Solution contains 2.0 mmole CH,COO-

2.0mmole, .
[cH,c00" |- LD - 00444M
S mLCHgCOOH + 5mLNaOH

2.0 mmole CH,COOH used to make 2 mmole &#5,CO0-

8.0mmole - 2.0mmole . .
[CH,COOH | = ——————"—————= 01333M Side Dish: Buffer
40mLCH3COOH + 5mLNaOH




Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH o@}o, 19,20, 21,25 mL; K,

acetic acid = 1.8x10°

mL pH
CH,COOH + OH~ - CH,COO" + H,0 0 an
5 4.27
2.0mmole,
o STMM%encoo
[cH,c00" |- 20y oo + 5Ly~ 0 0M44M Invoke Rule:

8.0mmole - 2.0mmole Chemists Are Lazy
[CH,COOH]= ——————————= 01333M
40mLCH3COOH + 5mLNaOH

{mmolesA’ 1

_ H=pK, +1 E

[ ] P PRa+1og mmolesHA

pH = pK, + log [HA] total L |
) 0.0444 B mmolesA™

pH = - log(18x10°°) + Iog{m} PH = PK, + log mmolesHA}

bH = 474 + (- 0522) 2
pH =474+ Iog{g] =427
pH = 4.27

Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH 0, 5, @9, 20,21,25 mL; K,
acetic acid = 1.8x10%

mL pH
0 272
Main Dish: Limiting Reagent Problem 5 427
10 4.74
CH,COOH + OH™ - CH,COO™ + H,0
Imolegy coo Lo
(040M 00, )(20ML 0, )[m) = 4.0mmoleCH,COO" Limiting Reagent

lmo'eCH ,COO0 ] .
0.20M ¢y coon )| 40MLeyy coon )| = | = 80mmoleCH,COO
0200 M| 2| - sommlech,
Solution contains 4.0 mmole CH,COO- . .
Side Dish: buffer
Solution contains 8.0-4.0 mmole CH,COOH

mmolesA”
PH = pK, + leg mmolesHA}
4
pH =474+ Iog{si 4} =474+ logl= 474

Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH 0, 5, 10/ 19,)20, 21,25 mL; K,
acetic acid = 1.8x10°

mL pH

0 272

Main Dish: Limiting Reagent Problem 5 427

10 4.74

CH,CO0OH + OH™ » CH,COO™ + H,0 19 6.02
(0.40M 00, J(19ML s )[%] = 7.6mmoleCH,CO0" Limiting Reagent

]mo'eCH3COO

020M gy, coor J(40ML oo )[ W} - 80mmoleCH,COO"
'CH,COOH

Solution contains 7.6 mmole CH,COO-

Side Dish: buffer
8 CH;COOH - 7.6 mmole OH = 0.4 mmole

mmolesA™ }

PH= K, Iog{ mmolesHA

7.
pH =474+ Iog[si 76

76
} =474+ Iog(aj = 474+ 12787 = 6.02

(A ]+ x)107+x) (0228+ (107 + x)

K, - - pH =6,
. (HA- %) (00677-x) + PH =608
mmolesA~ d
pH =477+ Iog( mmolesHA} =604

[
|
12 A |
|

[
S)
L

|
Difference between “exact” and non-exac
small

®
L

Calculated pH

0 5 10 15 20 25 30
mL 0.400 NaOH




Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH 0, 5, 10, 19, 20) 21,25 mL; K,
acetic acid = 1.8x10°

mL pH
0 272
Main Dish: Limiting Reagent Problem 5 4.27
10 4.74
CH,COOH + OH™ -» CH,COO™ + H,0 19 6.02
Imole
(040M 00, )(20ML 0 )(WC:Z:O] = 8mmoleCH,COO" Both Are
molegy, coo ~ Limiting Reagents
020M gy, oo J(40MLy, coon ) Tole, ) = 80mmoleCH.CO0™ JSED Up
H,COOH

Solution contains 8 mmole CH,COO-

8 mmole CH,COOH-8 mmole OH =0 mmole CH,COOH

Side Dish: acetate = WB
CH,COO,, + H,0, 2 CH,COOH,, + OH_,

Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH 0, 5, 10, 19, 20) 21,25 mL; K,
acetic acid = 1.8x10°
mL pH
0 272
Solution contains 8 mmole CH,COO- 5 427
10 4.74
CH,COOQ,, + H,0, 2CH,CO0H,, + OH_, 19 6.02
| 20 8.93
8mmole
[cH,co0; |- o= - 01333 X << 013337
Ml + 20m x>>107 222
‘ [HAaq,eq ][OH;q] B x(x+107) X
b~ - - _ ~ —
[Aaq,Eq] ([Aaq,ini!]_ X) [Aaq,init]
K 10 10 10 -6
_Dw _ - 555x107")0.1333 ~ x = 859x10
K, K " 130 ™ 555x10 ( )
- _ -6
K, “small”, assumps. Ok. [OH] ~ x = 859x10
, PH = 14 (- log(859x10°°)) = 893
-10 _
55510 ~ 01333 If you prefer — do an ICE chart

Calculate equilibrium
H,O H* OH-
55.5 10”7 107
init conc: 0 107
change
assume  (not much reaction to right, Kb small
>> 10-7
equil
K, K, 10 = 555x107Y

T K, 18x10°

[CH,CO,H,, JOH,,] 0(107)
= K, “small”, assumps. OK.

[CH.CO; | "o K

2,init

- - B 7)(2
Sign of x for reactants is - 55510 = 5133

; ) |(555x107™°)(0.133) = x = 859107
Titrate 40 mL 0.20 acetic acid with 0.

40 M NaOH 0, 5,10, 19, 20, 21,25 L [pH = 14— pOH = — log(859x10~°) = 8.93]

Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH 0, 5, 10, 19, 2@25 mL; K,
acetic acid = 1.8x10°

mL pH

0 272

Main Dish: Limiting Reagent Problem 5 427

10 4.74

CH,COOH + OH™ » CH,COO™ + H,0 19 6.02

1mole, 20 893

(040M 000 )(22mML o )[ﬂ) = 84mmoleCH,CO0" 21 1182
1mole,on

]'rnOIeCHacOO - L.
(0-20 M ci,coom )(40mLCH3c00H) ol | = 80mmoleCH,COO™ | imiting Reagent
CH,COOH

Side dish: seconds of the main

Excess OH
[OH ], e = 848 __ 006557 plOH"]. .. = - l0g(0.006557)
excess 40+ 20+1 excess .
Or p[OH ) ]excess =218
(1ML (040 M) - , -
g Wb - pH = 14- pOH = 14 - 218 = 1182
[OH],... 2052001 0.006557




Titrate 40 mL 0.20 acetic acid with 0. 40 M NaOH 0, 5, 10, 19, 20, 24,25)mL; K,

acetic acid = 1.8x10°

Main Dish: Limiting Reagent Problem

CH,COOH + OH~ - CH,CO0" + H,0

]'rnOIeCHGCOO

(040M 00, (25ML 0 )( mole,... ] = 10mmoleCH,CO0"

lmOIecv-iacoo
0.20M CH,CO0H )(40m LCH3COOH )[ 1mole
CH,CO0H

Side dish: seconds of the main

Excess OH
[oH] .. = % = 0.030769 p[OH"]
or p[OH"]
[oH7], . = (ML 040M) = 0030769

Jewes =20+ 2015

mL pH
0 272

5 427
10 4.74
19 6.02
20 8.93
21 11.82
25 12.48

] = 80mmoleCH,Cc00-  Limiting Reagen

= - 10g(0.030769)

excess

= 1511

excess

pH =14 - pOH = 14 - 1511= 1248

% way to the equivalence point
HA,, + OH,, > A,

% of HA is converted to A-

mmoleHA, ;. B
——— = mmoleHA, .., = mMmoleAy .,
2 remainng jorme
H K +1o mmolesA~
= + _
P P g mmolesHA

pH = pK, + log[1]

pK, is a clue to the identity of the

pH = pK acid

Defining some points on the Titration Curve

titration of acetic acid

14

. L |
Regions of A WEAK ACID titration curve | Strong Base
124 | ,/.
|
10 Buffer [
T -]
§ 81 A :
kst
36 / !
8 |
|
4 - - I
[ :
-
WeakAcid |
0 ‘ i :
0 5 15 20 25 30

mL 0.40 NaOH
%2 way buffer

Tells us identity of acid

eq pt; pH = pK,

14

Titrate 50 mL 1.0 M WA with
1.0 M NaOH

\Valenine RCOOH; pK, = 2.30

HF; pK, = 314

g
'
12 4 »
Clue —_| >
I . D 10 —\ ,,(xxxxxxxxxxxxx
Of acid I
x)(xx L ]
81 .
X
I
o
6
-
4 ____,..-".o
— --------l' oo
j— ororst®
" "
2 # eesreeeet
P atd
o
0 : ; ; ; ; ; ; ; ;
0 10 20 30 40 50 60 70 80 2 100

mL base added
CH,COOH; pK, = 4.74
NH, ; pK, = 9.255




Defining some points on the Titration Curve

14

titration of acetic acid

. L |
Regions of A WEAK ACID titration curve | Strong Base
12 | 9/°
|
10 Buffer |
T -]
T 8 A :
s
c |
4 _- |
| :
2]
WeakAcid |
0 w : ; | ‘
0 5 10 15 20 25 30
4 mLo400ffaon 4 his is what
Y2 way buffer Eq. pt.

ells us the conc

We found the equivalence point (large pH change) occurred when
we added 20 mL of 0.40 M NaOH to 40 mL of an unknown conc
of acetic acid. What was the original concentration of the acetic

acid?

mmole(titrant) Lq = mmole(titrated)
or

_ (20mL)(0.40M) (20)(0.40) = (40) M

40mL (20)(0.40)

=—=02
x=020M 40
Be sure to account for
0JO, nat

mmoleA™ = mmoleHA

pH = pK,

Multiple protons or
hydroxides

12

Titrate
25 50

__mL of 1.0 M Acetic Acid with 1.0 M NaOH
100

125

14

124

104

pH

Observation 1?
Observation 2?

0 20 40 60 80 100 120 140 160 180 200
mL strong base added
You should have at least 2 observations

What are they?

“A” students work
(without solutions manual)

~ 10 problems/night.
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508-3119
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Choose an Indicator so there will be a color change at the equivalence

point o o
titration of acetic acid
14
Regions of A WEAK ACID titration curve Strong Base
12 4
10 4 Buffer

Calculated pH
o

|
4 4 _- |
[ :
2]
WeakAcid |
0 ; ; ; 4 ;
0 5 10 15 20 25 30
4 mLo4oNaoH 4
Y2 way buffer Eq. pt

Connects electrons through ring,

Core structure= cyanidin

Blueberries

Raspberries

Cranberries L
Red cabbage - -.';H

Red wines

Cyanidin-3, $-dighucoside

Red cabbage primarily

http://antoine.frostburg.edu/chem/senese/101/features/water2wine.shtml

CAS 528-58-5

13

How can we “see” the pH jump
Indicators:

H(tannic)
HIn

so we know where the end point is?

plum juice (tannic acid); red wine

H+ + In-

OH
s, LOH
T
Jﬁfm :
HO™ S G |]B +H' = Hy
flawylium cation ~oH
(H >3 reg)

OH

Bohaviour with strong bases

OH
‘C\ . LOH
\-r\\_L
HO™ S G |]
flargtium cation -
(pH > 3 red)

OH

Dehaviour with weak bases

OH

O
SHYHHO Il)‘a-.fﬁim
O o g |

caringl proudabato L;LUH
(pH =45 colorless)

OH
o

H

|
(‘:\- \.‘-KUH
HO” P §F
Wo =l

OH
chaltonn

(pH > B yellowy OH
oM
Ao
ll\'\]: =
e

anhydrobase “';'U
(pH = 67 woley)

oH

oM
/L o OH
QI
BT B A Yo W
[ ‘:E’Q
anhydrobase anicn -HE,.‘
(pH = 7-8 blue)

OH

http://www.uni-regensburg.de/Fakultaeten/nat Fak IV/Or

anische Chemie/Didaktik/Keusch/p26 anth-e.htm




Hydrangea flower color based on available aluminum
Cation in the soil

Observed color? depends on mole ratio
Rule of thumb (10/1 or 1/10)

K. 10 moles green

_ Ka N
[H*]  moles pink ={green | EZ[H]

PK, - (- log10) = p[H"] PH ey = PK, + 1
K moles green
a = N = i k _ +
[H*] 10 moles pink 10K, = [H']
H. =pK, -1
- log10+ pK, = pH PPpnc = P
ApHcoIorchange = pKa,indicator t l
ApH = pK, £1

14

Indicators:

‘- [H*][In"]
plum juice (tannic acid) * [[Hin]
Hin H* + In K, :
pink green FRRICE
moles green

K,  total vol moles green
[H°] " moles pink ~[moles_pink |

total vol

Observed color? When is it green vs pink?

Common Indicators (besides grape juice)

Name ALHcolor change = pKa +- 1 mﬁ
methyl violet 0-2
thymol blue 1-3
bromophenol blue 3-5
methyl red 4.5-6.5 5
phenol red 6.5-8
bromothymol blue 6-8 7.1
phenolphthalein  8-10 9

alizarin yellow R 10-12
Change centered over pKa

olor change over 2 pH units




Common Indicators (besides grape juice)

Name

methyl violet 0-2
thymol blue
bromophenol blue
methyl red

phenol red
bromothymol blue
phenolphthalein  8-10
alizarin yellow R 10-12

Methyl viole
Thym
Methyl

Methyl

Eroen

Phenolphthabein

Alizarin yellow R

ALHcolor change = pKa +-1 LKa

Biggest pH change in our calculation
13 was centered at pH 7

3-5
4.5-6.5 5
6.5-8
68 . 71
9
_ pH range foe color change
et I\\-Il-vu- ’\:;ol.-l
A Bl Red [ Yellow e
orange Red [l vl

red Red

hymol blue Yellol

[
vellow R

Choose an Indicator so there will be a color change at the equivalence

point - -
titration of acetic acid
14 |
|
12 | o/
|
10 i i
: .
o 8]
3 |
©
3 |
< 6 =
o
|
41 PR - |
-
[ |
25 |
|
0 T !
0 5 10 15 20 25 30
} mL 0.400 NaOH f
¥ way buffer Eq. pt

15

Name éLHcolor change = pKa +- 1 LKa
methyl violet 0-2
thymol blue 1-3
bromophenol blue 3-5
methy! red 4.5-6.5 5
phenol red 6.5-8
bromothymol blue 6-8 7.1
phenolphthalein 8-10 9

alizarin yellow R 10-12

Titrate 40 mL 0.20 acetic acid with 0.
40 M NaOH 0, 5, 10, 19, 20, 21,25 mL

Can omit for BLB

| WANT vou
TO PRACTICE

EVERY DAY!

“A” students work
(without solutions manual)
~ 10 problems/night.
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Two more example titrations
WB/SA
SA/SB




A quick and dirty (WA/SB) titration curve.

mL added problem pH
0 WA <pKa
1/2 to equivalence pt buffer pKa
equivalence pt WB

after equivalence pt sB >7

Can you predict how a WB/SA
titration curve will work out?

(18x10%)01= x?

0 mL HCI added; WB equilbrium chart  |DL2H
init. conc. 0.1 0 107
change -X +X +X
assume? K, = 1.8x10, not much reaction, yes

> >107
equil. 0.1 X X
i} [NH; e [OH ] _ o0”) < K, = 18x10°°
[ NH, 0 ] 01 _
x = 4/(18x10°)01
K, =18 10,5_M~Xi =134x1073
=TT 1 x o = e

POH = - log(134x10%) = 287

pH = 14 - pOH = 1113

16

Example Titration 2

titrate WB with SA

mL added problem pOH
0 wB <pKb
1/2 to equivalence pt buffer pKb
equivalence pt WA
after equivalence pt  SA <7
K, = 18x107

Example titrate 50 mL 0.1 M NH,; 0.2 M HCI

quick and dirty: 0 mL, 1/2 equivalence
point, 1 mL before eq. pt., eq. pt., 1 ml after

need to know eq. pt.
(50mL)(0IMNH,) = x(0.2 MHCI) oL

X = 25m|—eq ’ 125 9.25

2 t—@—QS L
2€4. pt.= 2 ~m Ky, = 18x10°°

PHyoe0 = PK, pK, = - log(18x10°°) = 4.744
14= pK, + 4744

KW
K, = K.K,; K, ="
K pK, = 925

OR

14 = pK, + pK, PHypeqp = PK, = 925

l Example titrate 50 mL 0.1 M NH; 0.2 M HCI; include 1 mL and 1 mL after eq.pt. l




Eq pt = 25 mL; pK,=9.25 (from preceding slide) Eq, pt. Problem; WA
1 mL before eq. pt = 24mL.; LR prob mL__ pH
+ el . 0 11.13
4.8 mmoles NH, Equilibrium prob? 125 o7s init conc 0
0.2 mmoles NH, 24 786
Buffer ' change  -x +X +X
0.20M,, )(24mL,, ) = 48mmoleH * added = 4.8mmolesHAformed Ka = 1014/(18X105) = 5.5x101°
o) ~
50mL)(O.1OM NHQ)— 4.8mmoles = 0.2mmoles Ass.ump '
equil +
K, =925
PK, 10 0 107 £ J(107)’ - 4(1)(- 366x10*)
) K, = — = 55x10 X =
H oK s Iog[ mmolesA ] 18x10 ‘ 2(1)
PH = pK, molesHA I X(107+x) x(107+x) 107 + V10 5 146x10®
02 ' © 066-x 066 X = —
pH =925+ Iog{—) -10 _ 107 2
48 (55x107°)0.66 = 10" x + X 107 £ 191x10°°
pH = 9.25- 1.38= 7.86 (366x10™) =107 x+ x* X=
Example titrate 50 mL 0.1 M NH, 0.2 M HCI; include 1 mL and 1 mL after eq.pt. x2+ 10" x - 366x10°2 = 0 X = 6x10° PH=- |09(6X10_6) =522
Eq pt = 25 mL; pKa=9.25 (from preceding slide) 5mL past eq. pt.
1 mL past eq. pt.; 26 mL; SA mL_ pH (5L J02M) mL__ pH
0 11.13 excess . _ 1.25)(10,2 M = [H+] 0 11.13
125 925 50+ 25+5 125 925
- 24 7.86 24 7.86
%] 25 522 conc. SA = conc. H* = 1.25x10? 25 522
50+ 25+1 76mL 26 25 ' - ) - ) 26 25
(1ML (02 M) : pH =-log(1.25x10?) 0 18
excess HCI _ 263X10,3 M _ [H+]
50+25+1 B pH=1.9

conc. SA = conc. H* = 2.63x103 OR, limiting reagent
pH = -log(2.63x10?)

H=25 (26mLS)(0.2MHc,): 52mmoleNH,
P ' Limiting  (somL, )(04M,, ) = 50mmoleNH;
Reagent

2mmole excess H*

2mmole 3
50+ 2541 20310

Example titrate 50 mL 0.1 M NH, 0.2 M HCI; include 1 mL and 1 mL after eq.pt. ‘

17



50 mL 0.1 NH3 titrated with 0.2 M HCI

mL HCI

Choose an indicator?

Example Titration 3: We have 25.0 mL of 0.200 M
HNO,. What will be the pH after we add 0, 20, 49,
50, 51, 75, 100 mL of 0.100 M NaOH

Main Course: SA/SB Side courses: more of same

Mmole | mL Mmoles | Mmole H* | Mmole Total Vol [H+]
HNO, |OH joH excess OH excess or
init added | added [OH-]
0.20M)(25mL)
010M)(mL)

18

Common Indicators (besides grape juice)

m émmlor change = pKa +-1 LKa
methyl violet 0-2 i H
thymel blue L3 Biggest pH change is near 5.5
bromophenol blue 3-5
methyl red 4.5-6.5 5
phenol red 6.5-8
bromothymol blue 6-8 7.1
phenolphthalein 8-10 9

alizarin yellow R 10-12

Example Titration 3: We have 25.0 mL of 0.200 M
HNO,. What will be the pH after we add 0, 20, 49,
50, 51, 75, 100 mL of 0.100 M NaOH

Main Course: SA/SB Side courses: more of same

[H+]
Or
[OH-]

5/25=0.2 pH=-10g(0.2)=0.0698

3/45=0.066 pH=-10g(0.066)=1.17

0.1/74=0.00135 pH=-10g(0.00135)=3.17

H,0 pH=7

0.1/76=0.00136 | pOH=-10g(0.0013)=2.88 | pH=14-pOH=11.12

2.5/100=0.025 | pOH=-10g(0.025)=1.602 | pH=14-
pOH=12.398

5/125=0.04 pOH=-log(0.04)=1.39 | pH=14-pOH=12.61




Titration of 50 mL 0.2 M HNO3

14

12 +

Where is

8 ,
I
2 ] largest ApH?
N What indicator
, should we use?
0 f f f
0 20 40 60 80

ml 0.1 M NaOH

We have 25.0 mL of 0.200 M HNO,. What will be the pH after we add 0, 20, 49, 50, 51, 75, 100 mL of 0.100 M NaOH

Common Indicators (besides grape juice)

m ALHC(HOT change = pKa +-1 LKa
methyl violet 0-2 i H
tryol blue Ls BlggestpH change is near 7
bromophenol blue 3-5
methyl red 4.5-6.5 5
phenol red 658 «—
bromothymol blue 68 . 71
phenolphthalein 8-10 9
alizarin yellow R 10-12
H range for color change
Methyl vioket I Yellow [ Viclet
! Red [ vellow - [
Methyl orange Red [l el
Methyl red Red

Bromthymol blue

Ml i
vellow I Re

Alizarin yellow R

Color change defines large pH change
Titration of 50 mL 0.2 M HNO3

80

ml 0.1 M NaOH

We have 25.0 mL of 0.200 M HNO,. What will be the pH after we add 0, 20, 49, 50, 51, 75, 100 mL of 0.100 M NaOH

“A” students work
(without solutions manual)
~ 10 problems/night.

Dr. Alanah Fitch
Flanner Hall 402
508-3119
afitch@Iuc.edu

Office Hours Th&F 2-3:30 pm

‘ - \'// LA
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Tannins — represent linked cyanidins

DPn

Dra
Esctension snite

Ve gemeral strwcture of o hiwverkngosis prosyesmicin it 4= 8 s,
dbowgts there cum be 4= branch peinis, and a gallic agd
externfied af the # pamtion.

Red wine - antioxidants

http://www.micro-ox.com/chem_tan.htm

20

Food Source

apple
blueberry

cranberry

red cabbage
strawberry

Anthocyanins
cyanidin
malvidin
petuniclin
delphinidin
cyanidin
peonidin
cyaniclin
pelargonidin
cyanidin

Glycoside form
monoglycoside
monoglycoside
monoglycoside
monoglycoside
monoglycoside
monoglycoside
diglycoside

monoglycoside
monoglycoside




