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O the Pkb has the same idea olf PKM ¥ megovftve e like H *all :
B + HZO —> BH* + OH- Posd'u/t‘Y rvwl/u;j "
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The [H*) of a(0.03 M)weak base solution is[1x 10° M. Calculate(pKb?
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pKs, = -log K, = 6.48
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Determination of pH P T——

e Acid-base indicator
o\ =G5, o Litmus paper (least accurate)

* Universal indicator
this 5 e Blue litmus paper with a drop of acid here

vst! vo AN electronlc pH meter (most accurate,

coe®

e
L3k gues appeorilobion(@) (b)
o wued pH will be




& the relabion between the pH Epka ¢
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- MEMORTSE IT ([
Henderson-Hasselbalch equationcysimy your
ComJuaod'c o §LEE’P.0 !
yse pH = acidity of a buffer solution
[A- ] pKa = negative logarithm of Ka
PH = pt(a + |°Qw m Ka = acid disassociation constant
”Wiib:f::;:;im ac&‘%%ﬁ;:;; cgmz,épmf;;,m N ][HA = concentration of an acid

@ PH eqpak pRa whew the corugake acid cancentradion is eqqal b e conceatredion & the acid [A-] concentration of conjugate base

it CATIQCHAT s eoLwd Lc? will be Zevo ¥ then the PH will %W‘P qu

pKa is the pH where 50% of an acid is dissociated into its conjugate base.

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

——» ionr‘fowtf'{ro understoud  Eor Hre bulker concept




A comparison of the change in pH
(water vs. acetic acid)

* 0.010 mol of base are added to 1.0 L of pure water andto 1.0 L
of an acetate buffer composed of 0.10 M acetic acid and 0.10 M
acetate ion 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.
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Salt of the weak acid .
/) iﬁ we had wiere bese Jacid i our ban then we need Soomehlring 4— A
M@J bM@OV‘ '{'LL:{X' will MclP to molilin tiae vorm PH _ Acetic acid-acetate ion buffar —

2_

0 I I | | | I I I I
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g pH = pks

What is a buffer?

 Buffers are solutions that resist changes in pH by changing
reactlon equnlbrlum_\\» usupdlj a weak acid that Prcvew(' deownlbic changes W pH

* They are usually composed of mixtures of a weak acid and an
equal concentration of its conjugate base (salt).

@ WeakK bases Can also Weak Acid
function as buﬁelfs ) buk

we O“\_‘i Now Socus on acids

CHsCOOH  (HA)  CH3COONa (NaCHj; ¢*)

COO) ftie
H3sPO4 MH2P04 o zﬁ; Dikgdvogen phospnake Salt
H,PO4 (or NaHoPOs)  NaHPO, < ™

Discdum Momohﬂchﬁagw phos(ﬂaql'c Sa\k%

H2COs3 NaHCOs3

OanOVH'C OLC( C‘ Mono Scc‘u(w\ ™o h\sﬂuﬁm Curbowo\‘ve S"‘“_
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How do we make/choose a buffer?

@ il | have an enzyme ¥ want Lo see b i works

ol not we use buffers to Keep i Selole @IF OEP&’VKJS o the =
= o ol 13
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and its salt. Bl bwpre e oS0
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@ (UWa Jonic bond conswdNed weak bond ?
because when §o4 Fw(‘ it in wafer it dissecioe
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Exercise

* A solution of0. 1 M acetlc aC|d and 0.2 M acetate ion: The
pKa of acetic acid is 4.8. Hence, the pH of the solutlon is

glve‘_)H__48+log(02/01)—48+log”0 48+03=L__1

Base 10 Logarithms

p
i ¥ e
#4 i ", !

£l - b ~ €4
9 :

* Sispilariuthe pKaref,an acid

can estimate it.
No calculator is needed.

L0g4(0.01)=-2 | since 10-2=1/100

Log40(0.1)=-1 since 10-7=1/10

Logq,(1)=0 since 10°=1

Logo(10)=1 since 10'=10

Log.(100)=2 |since 102=100

Log,(1000)=3 |since 103=1000

S;JH =



‘*\ ;’\_ l.a) — (e A Ka) 4 : S 3 .52

ExerC|se UYSS + oo o (s ) = 3455016 =
U Predict then calculate the(pH)of a buffer contalnlng

% 0.1M HE and_0.12M NaF? (Ka = 3.5 x 10%) — pka = 3 -7

=) 0.1M HF and 0.1M NaF, when 0.02M HCl is added to the solutlon’?

2. What is the pH of a lactate buffer that contaln 75% lactic aC|d
and'25% lactate? (pKa = 3.86) | o+ legg EAT

f M

titrated completely by 44.5 mi of 0.1(N)of NaOH’? Also
calculate thes normallty of acetic acid. /..., =4

e The number of equwalents of OH" required for complete neutrallzatlon

is equal to the number of equivalents o Wydrogen ion present as H*
, ithepn dowm N net M it means the no
and HA. ot :EC:J?WZ) t&’_ Z:/v\\caifv;hom equivalent b= molowny ocrmm uwnits

in Sstukion N
in acidsg- vvw(amfﬂ X no- H'

n bases g - W\olouribﬂ X ho -OR

“ % 5 4. A !, «;uf_.‘ —

3. What is the concentration of: 5 ‘ml of c_etlc aC|d that can be 3.3



pK, i, = 2.14 pK, 2 = 7.20 o K =124
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Excercises

1. What is the pKa of a dihydrogen phosphate buffer when a
pH of(7.2)is obtained when 100 mlof 0.1 M)NaH2PO, is mixed
with(100 m) of 0. 3 M)Na:HPO,?

2. A solution was prepared by dissolving 0.02 moles of acetic
acid (pKa = 4.8) in water to give 1 liter of solution.
* What is the pH?

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



Biological buffers in human body

e Carbonic acid-bicarbonate system (blood)

* Dihydrogen phosphate-monohydrogen phosphate system

(intracellular)
e ATP, glucose-6-phosphate, bisphsphoglycerate (RBC)

* Proteins (why?) @ we hove B bxdlering Systems .
ini 4 bloed Caubmafc\,bcarbondtbu v
 Hemoglobin in blood BCalls motdhgohogen psphisbe sysbeon +

e Other proteins in blood and cells BAl over proteins Dikydvogen



o @ Bicarbonate buffer

co,+ W0 nof stable ¢ lappens i bunes

inside the cell 7 it deecatein GO, (d) + H,O T RN H,CO,
enzymodﬂc. it Caun happen He s;n‘m Ot Y J fuis one s procces = by [

amwﬁl{j ek it by o'/ proton ¥ & ]
motC also ¥it happenin e H Co p— H -+ HCO %U%&is cce
happen eszgprecdicly olse T MapP 23 3 WPPCMﬁ’: e
Cells

Blood (instantaneously)

AN
4 N

CO.+H.0 <— H.CO; < H"+HCO;

%/J \ J
Y
Lungs Excretion via

(within :((l)d;aey:) (hours
minutes) y




Titration curve of bicarbonate buffer

Note pKa

pH

% buffer in the form of HCO,
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100
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ﬂtoﬁﬂtf te fime ﬂ«7 Saf €4
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% buffer in the form of H,CO; and CO,




Coz ) @ We hove lvudo;( mounZ—Jp lgimwbgum}e_ 5 i
GOL' A metalpolizui il happen Lo relesse

i i . Cor Y5 (o, 3%5. ol of C.&Us NS (75{’4#01% to
Why is this buffer effective?. it
Tk Can Side Hue M P Spims W e Blosd \
 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 due to two properties:

* bicarbonate is present in a relatively high concentration in the ECF
(24mmol/L).

* the components of the buffer system are effectively under
physiological control: the CO2 by the lungs, and the bicarbonate by the
kidneys.

* It is an open system (not a closed system like in laboratory).
* An open system is a system that continuously interacts with its environment.

@ Since it 5 ewsit ia lewge guantaties i€5 i portank- /if's «Q«mﬁw\o\x
8 uder siclogical co bol " i#S sio o aias \rcauko&té“ Last Kidneys
Opmfsll;/sﬁ’eu? —> ﬂuilﬁ’ inberack wiﬂihymv(oviw% " hosmens' 9>y

@ YJou Can Cnewge youy blood bufSer ﬁ thet's why iE5 eBeckive eventliouglh fre oo

by Cauf'ro((lxtg Your b"“"ﬂi”i’) buffer & oubside the bl mge 5.1 T




Acidosis and alkalosis

* Both pathological conditions can be either metabolic or
respiratory.

; - in contbroling te et of CO inthe loody " lunys *
® it doing quake o  CoET g long mmﬁ{i oponsite tuts On kﬁjw*\

e Acidosis (pH< 7.35) [c<
@ Metabolic: production of ketone bodies (starvation and diabetes) iy
@ Respiratory: pulmonary (asthma; emphysema) lungs

@ Kidney ¥ [uwge betih “
COV\L’VO( the PH v C0y ¥ bicavbon

ion

* Alkalosis (pH > 7.45) g

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



Respiratory conditions
Resplratorym hou/nmg astiama

éﬁh—lCOx —HLG CQ+ H20

é_____________
-II pH -

RespiratoryAlkalosis)
HCO3 <« HLCOs H+ H20
’ low

10 -

low




Metabolic conditions

@ When ngs e
Metabolic Acidosis out ot wavk Kidreys go
o the rescue ¥ bries & Gie

+HCO 3¢ H:CQs< CO2+ H20 : things F the oPPITE
/P W%C\ PH=‘L ic Corvect we don Feel if

Metabolic Alkalosis

@+ HCO3 ¢« H2COs¢< CO2+ H20
low P‘_\;$




Causes of respiratory acid-base

disorders

Choking

Bronchopneumonia

COAD

Hysterical
overbreathing

Mechanical
over-ventilation

Raised intracranial
pressure




Causes of metabolic acid-base
disorders

+

Impaired H' Loss of H
excretion in vomit
Increased H* :
: Alkali
production : .
or ingestion ingestion

Potassium
deficiency

Loss of HCOg5"




if nob bungys it wuld be kidnege bo Lelp M'ﬁivag

(Compensation

e Compensation: A change in HCO3 or pCO; as a result of the
primary event in order to return the pH to normal levels.

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

: : : : y
* If the problem is respiratory, renal mechanisms dl’l\/{ﬁi 5 oo b

metabolic compensation via changing [HCOs]. il foii

ranges dungcs

(®Complete compensation if brought back within normal limits

(9 Partial compensation if the pH is still outside norms.
(pPH ik in the novw venge bt the persen



