Biochemistry Lecture 2 notes

Acid and Bases

Defention and Terms

There is alot of defentions for acids and bases but we don’t care about all of
them and this is the one we are going to deal with :

- Acid : A Substance that can produce H+ (H30+) when diss
-olved in water or reacts with other substances.

Acids differ in how many protons they can donate, some of them can
donates one proton (Monoprotic Acids), some can donate more than
one proton (Multiprotic acids), two protons (Diprotic acids), and
others can donates three protones (Triprotic acids).

Examples ) T

H—Cl + H—0: — |H—O—H| + (I
Monoprotic : ! !
HCI,LHNO3,CH3COOH.

Diprotic: Y +HH.0 F "2
B0 250y H20 —)H: 0" + Lo,

Since it is a strong acid we are going to assume
that it gives all of its protons at once.

Triprotic : _
nspoa  HzPou + 120 = HzPo, + H:0"

Since H3PO4 is a weak acid it donates one proton on each reaction.

- Base : A Substance that can accept H+ when reacts with other
substance or produces OH- when dissolved in water.

Examples This OH™ ion comes from H,0O
!‘l .
NH3 H—f|\"—H(g) + HO() == H— 1'+—H(aq) + OH(ag)

H H



Am phOte riC (Ampho means : dual or both)

Substances that can donate a proton on one reaction and accept a
proton on other reaction depending on the other molecule it reacting
with.

Example: water

- With ammonia (NH3), water acts as an acid because it donates a
proton (hydrogen ion) to ammonia.

NH3 + H20 — NH4+ + OH-
Act as acid

- With hydrochloric acid, water acts as a base.
HCI + H20 — H30+ + CI-

Acid/Base Strength

Acids/bases differ in their ability to release/accept protons.

Memorise strong acids/bases. BASE
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- The stronger the acid the weaker its conjugated base.
Strong acids/bases ~> one way reaction A}OO% dissosiation).

W +H20 - H; 0" 1" aol— ol~ + Vo*

Weak acids/bases ~> reversabile reaction (doesn’t dissosiate completely).

WA +Hzo =Hro*+A~ / B+Hz0= Ru*+ 0H"

100 percent
protonated

in HO

Acid strength increases
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Any reaction in the universe seek to reach a balance state between
reactents and products where rate of reactents making products is
equal to rate of products making reactants, and reactants and prod
-ucts concentration are constand (not necessary to be equal), This

state is called equilibrum.

Equilibrum

Why equilibrum happens ? Why every reaction seeks to

Because we want the difference in energy between reactants and
products reactions to be zero. Why do we need difference in ener
-gy to be zero? Because it is more stable.

Equilibrum Constant Keq and Acid dissociation
constant

K = [Hz0* ][ A
LHAT

Ka indicates the direction of the reaction.

—

- If Ka greater than one ~> products concentation is higher than

reactents concentartion ~> reaction directed forward (toward
producrs).

- If Ka is lesser than one ~> reactents concentration is higher than

products concentration ~> reaction directed backward (toward
reactants).

Ka vs PKa

Both gives us an indication about the strength of an acid.

Since Ka numbers are hard to deal with and hard to feal them,
scientists have interduced PKa which is : PKa = -log(Ka).



PKa gives us nhumbers that we can feal since we are dealing with
them every day : 2.7/ 11.2/ 3.1 while ka numbers are things like :
1.7X107-10/4.25X 10 *-11

- The higher the Ka The lower the PKa and the greater the strength
of an acid (stronger).

- The lower the Ka The higher the PKa and the lesser the strength of
an acid (weaker).

Molarity

Moles = grams/molecular weight

Molarity = moles/volume(L)

Grams = molecular weight X moles = molecular weight X Volume X Molarity

Equivalents

When we deal with acid and bases its a little bit diffecult to deal with
them with terms of molarity / grams all the time espically when you are
talking about multiprotic acids and bases that have more than one OH
group, so we are going to spdeal with them in terms of Equivalents.

Equivalents?

The number of different charge that | need to neutralize the chatge
that | have.

Also it can be defined as the number of moles of H+ that the acid can
produced or a base can accept.

For acids :

jmofo 0-" Hel = | pole aJ ”f:: fﬁfpl'.l/alom:g

I mole of HZSO“':Z moles of Ht - zev‘fw(zufs
ieﬁ/ul'lla'a‘ub Of “2'50u - l'—n'\ofa o" NzSoy



For bases :

1 W\Dle, 04 /‘/40" ijoit Of O‘-\': ,e?,‘ll.lfaltnt-
i W‘Olb Of NH.? = {mole a.’ oll~ = ie.c’,uu'Valeut-.

{ mole o;’ Ca(,OIJ)l = 2 moles of o~ =2y
1 &4, of CQ(OIU .L- wole, f £ Lofi),

Forions:

1 W\.Olb Q! /té.'r - lewt'vdtev\\— - 22.’}
1 Woi& O" Clr = \e.f,/ul'l’dlenf - 25.5;\

Equivalents = n x Molarity x Volume

The little n is represinting the number of OH-/H+ it can produce or H+ it
can accept.

One equivalents of an acid is neutrlized by one equivalents of
a base.

Examples : *The typical co.ncentration of
How many equivalents are in the following: L"g;zrégs;o;ﬁlzz'imgﬂhn g+2
, are in 250 mL of blood? MW =24

~>5.0 g HNO3 MW= 63 (o Covw Moex o, Cosidencs Cyo o )

Iwdle o] WMy =1 eguvalenss. Bewme Y mdes Lmele = 2 epuimtons

50 Wele of HM2: = 0.0 744 equivalents. X tole = 2 equivelasts
~>%2.5 g Ca(OH)2 MW = 74

i W\Qle, 0‘! la (,oy_)z - ZWIVM X = }2’ "\’)’e’

t25 wole od Ledolll, = ©.24 equitvohents
~> 4 3 g H3PO4 MW =98
HZ nole o “;PO:, = _ﬂ*g = 0132 equivelus. 8-(ams .—_-AZHX O.Z25 0y 3wl
St = A

(gems = T v

2 g7,/L = %w\wi /L




e Calculate milligrams of Ca+2 in blood if total concentration of Ca+2
is 5 mEqg/L.
Note: atomic weight of Ca+2 is 40.1 grams/mole

Amde =) egminelont
X yrole = 5 megubulons
L

X = _i_. W“-?,/L = glems = Wioles % MW
_% meq JL_ ¥ $to.l

glams = loo.25 mgram /L

Or you can simply just say :

Lio.l 3mm = | W\o[e_ = ;Ze.p‘(u/luws

}afdm s X '&o‘t - 5’“%11_

ol x5
2

= 3_=D[y-= l0e.25 v grem /L

e Titration of a 12.0 mL solution of HCI requires 22.4 mL of 0.12 M
NaOH. What is the molarity of the HCI solution?

Q“‘f— - Ore eq,m\/qle.m of an aud V\e\u-d\'ze, Ohe

W"“'W"‘ od a Race

eq,u\'miaws = e,cpw'v.-,i—.‘mr -p W vaM, = W, X Vp X /AL
H oH 1x o0olzxM =1x%p.02M4%0)2
M‘ = O-ZQHM




* What volume of 0.085 M HNO3, is required to titrate 15.0 mL of
0.12 M Ba(OH)2 solution?

R\Ai& - OV a{,m'(/u‘emb af an MJ Wl"hfs
Ore eq)tfvalwf on a Base .

C(—i/\k\'\l‘ujcw- Wt = SCVW'\/a/tcm- o~

V\\*\/l%(l\l\l = \/\.L%Mz%,/z
1 XV XK0.045 = 9 4 .12 X 0015

\/[ = 00H2Lf L
V= 2.ymL

Electrolytes

- Electrically charged minerals when dissolved in water.

- Examples : Sodium, potassium, calicum, magnesium, phosphate, and
bicarbonate.

- Important foe various bodily function such as :
~> Nerve.Sodium ions (Na+)

~> Muscles Contration.Calicum ions (Ca+2)

~> Fluid balance.(All of them) —

~> acid-base balance. -3 Related to each other
Just think about it.(physiology final)
You remember?

~> Blood pressure.(All of them)

Decreasing in sodium ions (Na+)

Hyponatremia :Can be caused by heavliy and continuous

diarrea (this also cause dehydration) Hypo = low

Hyper = hig



Electrolytes are very important to
our bodies.

They can be lost along with water
during diarrhea, vomiting and
sweating.

Excessive loss of electrolytes can
lead to severe complications
therefore should be restored for wg

example by IV electrolyte YDR‘-;\'_}AL
replacement in hospitals. REH ION SAI.TS
Also athletes drink electrolyte rich ~ facf i o e mener
( 0 otassium Chioride 15 ¢
drlnks to rGStore What IS |OSt by ‘Tn!.oduun Citrate, dihydrate 2.9 ¢
exceSSive Glucose Anhydrous 20.0 ¢
sweating during strenuous exercise. DIRECTIONS

Dissolve in ONE LITRE of drinking water

To be taken orally-

Infants - over a 24 hour period
Children - over an 8 10 24 hour period,
according to age or as otherwise
directed under medical supervision

CAUTION: DO NOT BOIL SOLUTION

MANUFACTURER: Jianas Bros., Packaging .o
Kansas Cily, Missouri, U.S A

Antacids Exactly as modifieds

 Alkaline (basic) compounds Are you  Taking “Gass-Wali-Goli”
(neutralize HCI)_of the stomach. AntaCId Eve ryday

* Reduce sgomach acidity and
providing relief from heartbulrnu
and indigestion (dyspepsua) o
gl e -
- Reduce digestion of proteins by|
pepsin (pH 1-2 vs 3.5-5) (activity
of pepsin declines as PH |
reaches 3.5 and above)

Antacids neutralize (HCI). This raises the pH of the stomach. At a
higher pH (less acidic), pepsin becomes less active or inactive.

This can slow or reduce protein digestion in the stomach.
(CRUPENFESTC REQUNENINE N ]



* Examples:
Magnesium Hydroxide Mg(OH)2
Aluminum Hydroxide AIl(OH)3
Memorise these («1 cLile ¥s)
Calcium Carbonate @ Ca(C03)2
Sodium Bicarbonate NaHCO3
lonization of water

e H+ exist in solution bonded to water as hydronium ion (H30+)

* Whenever we write H+ (for simplicity) understand it as H30+
b0 — H*+OH
H),O +H2,0 —— Hg0++ OH " Self ionization

Equilibrum constant and ion product of

\’\Q_O‘—_)_ H++OH-

Uey = _ CWJrot] L%xlé‘": CH*t][oh]

[Hz0 55.5
Con!tcant 17: J Eouj[ﬂ‘j: 'X|O"HM&

1 86 X 1 OA-1 6 Constant This is called the ion product of water.

It allows you to calculate [OH-] when you have [H+]

55.5 mole/L known and vice versa.
Imagine you are dissolving water into 1 Liter of water
its always going to be the same concentration.




* For pure water, there are equal concentrations of [H+] and [OH-], each
with a value of 1 x 10-7 M.

* Since Kw is a fixed value, the concentrations of [H+] and [OH-] are
inversely changing.

* If the concentration of H+ is high, then the concentration of OH- must be
low, and vice versa. For example, if [H+] = 10-2 M, then [OH-] =10-12 M




