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Kw

K.q(55-5M) = [1®] [0n®)

-14
K, = [H®10h®] = 10x10 M

e Kw is called the ion product for water J

2

TABLE 2.3 Relation of [H®] and

[OH®] to pH
pH [H®]
M)

0 1
I 107"
2 1072
3 10°*
4 1074
5 1073
6 107°
7 1077
8 1078
9 1077

10 10710

1 10!

12 107"

13 107"

[OH®|
M)
10--“
10"
10712
10"
10710
107?
107"
1077
107°%
1073




What is pH? ;/Q

1
\ 0

pH = log;o(1/[H*]) = —log,o[H*]
")H,: 5, Pug_': q

Eﬁ‘- ﬁ_ = L6 4imes were audlic

il 1
ez pHa= 35 CHIL 9
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Increasing basicity

Increasing acidity  Neutral

. Sodium
hydroxide (1 M)

: — Ammonia (1M)

Human pancreatic juice

Human blood plasma

Cow’s milk

- __ Tomato

juice

Human
we gastric
contents

Hydrochloric
= acid (1M)




Example 1:

Find the K, of a 0.04 M weak acid HA whose [H*] is 1 x 10-4?

HA —— H*'+A

K, =[A][H*]/[HA] = [H*]?/ [HA] =104 x104/0.04 = 2.5 x 107
Example 2:

What is the [H*] of a 0.05 M Ba(OH),?
Ba(OH), —— Ba + 20H-
[OH]=2x0.05=0.10 M=1 x 10

[H*] = 1x 1013



Example 3:
(

The [H*] of a 0.03 M weak base solution is 1 x 10-1° M. Calculate pKb?

B +H,0 ——> BH*+ OH-

D —

[OH] = 10+
K, = (104x 104)/0.03 = 3.33 x 107 M

pK, = -log K, = 6.48
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Determination of pH

Red litmus paper with a drop of base here

e Acid-base indicator

 Litmus paper (least accurate)
* Universal indicator

Blue litmus paper with a drop of acid here

* An electronic pH meter (most accurate)

(b)



Henderson-Hasselbalch equation

Ka= HeA” st KarHA o
vy —— def .- .
2) pH acidity of a buffer solution

-
> —loey Y= —loa Ka = 44 fH= PKML <C/ -
Y, Tj_j’fi—/ — P % CHR) [A pKa = negative logarithm of Ka

pH - pKa + Iog HA Ka
5 Y - 17 Q [HA]

_ Profong = [A-] = concentration of conjugate base
U200 =52 \2  ponrtol 5o dogateratol

acid disassociation constant

concentration of an acid

\l

7 - 5 X
X= 7—’—’%: loo —> for loa LA™ —> We have 4. CHAT

pK?a Is trﬁe pH where 50% of an acid is dissociated into its conjugate base.
pa= P

pKa is the pH where the concentration of the acid is equal to that of the
conjugate base.




A comparison of the change in pH =~ <
(water vs. acetic acid) e N

* 0.010 mol of base are added to 1.0 L of pure water and to 1.0 L of an ., p#=pha
acetate buffer composed of 0.10 M acetic acid and 0.10 M acetate ion cpay-cAT
buffer, the pH of the water varies between 12 and 2, while the pH of the
buffer varies only between 4.85 and 4.68.

Hoo+ o — Hyo™ & o 14
— ~" _
Cot ™S o T PO
10
CH,CO,H(ag) + H,0(/) = H,0° 00, - T
Weak acid Conjugate base :‘é_ ]
Acetic acid (NaCH,CO,) 6
Szlt of the weak acid - \\
4 ic acid-acetate ion buffep — /
#-Photepovlivg in 3 eloments e —
: - _ act as « bu
aCC@V’O&V\fj 4o HBMWEON C,q,uﬁl']"oy' S > | i
0.010 mol Add OH- I Add H,0* — > 0,010 mol

O cl=oka (Jcum B AT



What is a buffer?

e Buffers are solutions that resist changes in pH by changing reaction
equilibrium. ) oy ihems ; ~

* They are usually composed of mixtures of a weak acid and a @
concentration of its conjugate base. 3

§
|
< 57
v trg ot befers V/:;W
CH;COOH CH;COONa (NaCH;COO)
H,PO, NaH,PO,
H,PO, (or NaH,PO,) Na,HPO,

H,CO, NaHCO,



. Mechan1sw @Oﬁ gujﬂf Funchor

Aolol i A&J ;
j <P‘f0'fbMvi1bW

o
HA —=— A [t Cinerepee)

- Adglivey [Sage  —

A — A7 [ ] (decratse)
erep?@d‘OMﬁca

g oW




VT e Tl Jis Qb v

é\,b"’ - ,{,;; $3 > - AN CeHyCoo b >
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Eapivalence
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How do we make/choose 3 buffer?w;\ &Wwww*
5 for age. T CHAY=C n 1ims
* A buffer is made by combining M| \f‘ Ttdpft — | Rt
weak acid/base and its salt. .. Pl = 9.25 T

1 0.25
(I

* The buffering capacity of a : 7«43 B\ w)”h
]

buffer to function depends on: ,

[I]+ Buffer concentration .9(]’¢ he Ko feterming”
[Z)+ Byffering range/ 4t H\c fange od °

)+ pKa of the buffer

@ The desired pH b‘/‘d'é@ r@w}

Note: increasing the concentration
does not change the buffering k\\"'z\ ) o
0 O . A 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
range but lt.lncreases buffering it adiad lacrbalects
capacity or strength.

e

7| Phosphate

5.86
5.7

| Acetate

[CH3COOH] = [CH;C007] K70

N W s W0

| CH,COOH
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Exercise oderion expdion < bufder

v 5 v 7

* A solution of 0. acetic acid and 0.2 M acetate ion. The pKa of
acetic acid is ence, the pH of the solution is given by

pH =48 +10g(0.2/0.1)=4.8+log2.0=4.8+0.3=5.1

Base 10 Logarithms

* Similarly, the pKa of an acid can be L0g16(0.01)=-2 |since 102=1/100
Since you are smart, you LagQAUST | mineedd =110
can estimate it. Logi(1)=0 | since 10°=1
No calculator is needed. Logs(10)=1 | since 101=10
Log,,(100)=2 |since 102=100
Log,(1000)=3 |since 103=1000
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Exercise OI,D.C,V,@) ? b

1. Predict then calculate the pH of a buffer containin |
e 0.1M HF and 0.12M NaF? (Ka = 3.5 x 10%) HCLE [Na @N“ el
Z?O.lM HF and 0.1M NaF, when 0.02M HCl is added to the solution?

2. What is the pH of a lactate buffer that contain 75% lactic acid and 25%
lactate? (pKa = 3.86)

3. What s the concentration of 5 ml of acetic acid that can be titrated
completely by 44.5 ml of 0.1 N of NaOH? Also, calculate the normality
of acetic acid.

* The number of equivalents of OH" required for complete neutralization is equal to
the number of equivalents of hydrogen ion present as H" and HA.
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pK, = 2.14 _ pK,3 =720 s—  PKyz =124 3
H;PO‘; ~ = H:PO_; - > HPOy < > PO;
+- -+ +
H* HY H*
Third midpoint
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Excercises M PO 7

What is the pKa of a dihydrogen phosphat@when apHof7.2is
obtained when 100 ml of 0.1 M NaH,PO, isixed with 100 ml of 0.3 M

Na,HPO,?

72 =pkarlogle2) 5 pKa = 6 -

A solution was prepared by dissolving 0.02 moles of acetic acid (pKa =

4.8) in water to give 1 ljiter of solutlon

* What is the pH? K, - 109 — Ka=z T/ — V”:_w@@j

* To this solution, 0.008 moles NaOH were added What is the new pH? (ignore
changes in vqume)

wo Phabg
orok-o °°<3. g.o'mw/

Kor= CWICA T o00b)
— CHh-00c%)
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Biological buffers in human body

id |'_<,\l¢>pcn SdS-'—om (acks as 1 live. 4o ole SPenceD / While Chemical b‘“&ta@ are. Closed 5(39(“‘3“ :

* Carbonic acid-bicarbonate system (blood) [ Extmcenator]

* Dihydrogen phosphate-monohydrogen phosphate system
(intracellular) becawe 4, Plu = F

* ATP, glucose-6-phosphate, bisphsphoglycerate (RBC) [ Trdvocelnlar]

hy?) both (inttet extrodcelar, becautetney are everq Whore
ers bufser

* Hemoglobin in blood } 0C+
o

e Other proteins in blood and cells



Bicarbonate buffer

CO, () +H, O —=— H.CO
2 () + Hy 1oy

o A 7
stantaneously)
— A &

s o 4 h
CO,+HO0 <« _I-LVQ% — H*+ HCO:,

vt slable. \ /
il He bleodt move acsali (Aiseciade) ]
n 4 )\ \y \Y

A A o
o T «Lungs (2""md°}f0"®)

forbowo 3 Qo € A Excretion via
ROC, e oo
gzt A (within ne defriidneys (hours
to days)

minutes)



Titration curve of bicarbonate buffer

Note pKa

Cg_[,_ ;;U bujﬁw'cy region
1y~ 6] z@[ HCO?J
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pH

Co,
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5
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25

50

75
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buffering capacity

\
1
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blood pH

4
the_ dissociation of 1t CCs r}eﬂe,’f‘ 100 75
HCOF becawse J—- < 9{00 aw( Mex:s'l-% buffer in the form of H,CO; and CO,
3 e i1 8

ina R appunts

50

25

0



Why is this buffer effective?

* Even though the normal blood pH of 7.4 is outside the optimal buffering
range of the bicarbonate buffer, which is 6.1, this buffer pair is important
ud ue to two properties:
\'ﬂﬁ ?JB_B bicarbonate is present in a relatively high concentration in the ECF (24mmol/L).

o~X ° ‘%the components of the buffer system are effectively under physiological control:
\g\&d@ the CO, by the lungs, and the bicarbonate by the kidneys. \

L\ : _— re
@y\\')ﬁ It is an open system (not a closed system like in laboratory). %57 ?

* An open system is a system that continuously interacts with its environment. rfﬂ“‘a




Acidosis and alkalosis

* Both pathological conditions can be either metabolic or respiratory.

Acidenya inall bodY
in bload

A
e Acidosis (pH< 7.35) 6 A é}“’
* Metabolic: production of ketone bodies (starvation and diabetes)
e Respiratory: pulmonary (asthma; emphysema) /G:,;,‘
o) j}) Z)("']
e Alkalosis (pH > 7.45) B\'ﬁ

e Metabolic: excessive administration of salts
* Respiratory: hyperventilation (anxiety)

2 e Pﬂ’”@%l@' ﬁwfl]'ﬁloohi - \[\\o\vcﬁ = ;:\vj;;l; cantes|

Goreikons \_s repiort® > \mgjs > notoa cnm
COL



Respiratory conditions
/\@1—3 7\H‘\;—>7\A—Odltj pfEblemm CO s

Respiratory Acidosis

| e +Hco, o ,co, @ H,0
- —

my - W You breath q,w'c\q\&j
Ciypervenkilation) — 1“2
S e Canp? Comivel ~6Q\Afbd'ea4‘ni:9

Respiratory Alkalosis

+ - (Paé o) @bu\d&)"d:ﬁofi&
H* + HCO; <> H,CO, erlalzg o b i I

"

Im Gaid o pH 2w 2
Solubon: pewth ino be]
No




Metabolic conditions

_____________________ proplem in v
Acidpsis: - ‘? Metabolic Acidosis (“(’/”Q ko l“”ﬁ‘ Uvb,—
DMeA‘ﬂb?’/Z', H 7‘ : jw (Adhoai A5
D Rpirry: €O 1§ *HCO; & HiCO, > CO +H0 sy gy e -
MKalosic — Y > },,%;/ 7 ]U(j!

DMedbolic: |
Y vord . | LO2!
D Regpirbry (L0 Metabolic Alkalosis

@+ HCO, < H,CO, < CO, +H,0

Z
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Causes of respiratory acid-base disorders

£9) 04!

Bronchopneumonia

——

COAD

FAysterical fomic_ aldereR
overbreathing gP > y

J

Mechanical
over-ventilation

,WL.\ &’ >
aised intracranial
pressure




Causes of metabolic acid-base disorders

Km(ﬂ@& Mjf GélmpalredH

excretlon

guu’lz_}—f@my}ﬂ 4
Lwetabolic]

Lossof H' |- ‘-t
in vomit ’J&/

Increased H* Alkall
production FuKal i "
or ingestion Ingesuon L, .o~
Y
g

Potassium 2 \
deficiency

e

Loss of HCOg‘
(1656 o) pase)




Compensation

* Compensation: A change in HCO; or pCO, as a result of the primary event
in order to return the pH to normal levels.

* If the underlying problem is metabolic, hyperventilation or hypoventilation
alters pCO,; it is called respiratory compensation.

* If the problem is respiratory, renal mechanisms drives metabolic
compensation via changing [HCO5].

» Complete compensation if brought back within normal limits C?’r-ZS-’:L'“S'S
* Partial compensation if the pH is still outside norms.
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Blood (instantaneously)
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