Acids, Bases and buffers
Acids - base Theories

1- Arrhenius Theory (1884)

Acid 15 any substance that ionized in water (partially or completely) to give hydrogen

jons =0 ' | |

Hase is any substance that ionized in water to give hydroxyl ions

e - chordmgtotms definition, HC] is an acid NaOH is a base as shown below:

- HCl ~—— H +€F | s

NaOH —Na' + OH -’ -

Acid chemically reacts with a base as follow:
HCl+NaOH — Na'+Cl'+H,0

2- Bronsted-Lowry Theory (1923)
- Acid}is any substance that can4lonate a proton.
‘Base: i5 any substance that can accept a proton.

3- Lewis Theory (1923) | - =
Acids: & a substance which can accept an electron pair by combining with a second T
,, Wlﬂ!t'ﬂ lmsharedpah uj: _ ‘_ : = E
Iusubstame ance which shares it unshared electror




NH4+=I‘F+NH3

H,0: conjugated acid for OH' e ' J -
NH;: is conjugated base for (NH, ") =
or NH," = is conjugated acid for (NH;) base | - 1
b a5
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Acid- Base strength: When acid or base is dissolved in water it will dissociate o1 ﬁ

1onize. The degree of ionization depends on the strength of the acid j

_ i

A strong electrolyte is completely dissociated

A weak electrolyte is partially dissociated ﬂ
Weak acid has a relatively small dissociation constant (Kﬂ) where's strong m has a h

large dissociation constant.

The strength of an acid depends on its type and is not related to the mmtraﬂm,-
4

(e.g.): HCI strong acid regardless of whether its concentration. 1M or 10 M

e,

Strong base: is a base with relatively largé Ky

Weak base: is a base with relatively small K,

Acid bases equilibria in water |

Kw=[H'] [OH] = 1.0 x 10" (ionization content of water)

[1{’][0}1‘] =1.0x10™
=] =1.0x 10‘7
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3 (completely ionized)
d as shown in the
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' I- Strong acid / base “
Since the strong electrolyte is completely dissociated for that the concent

of [H'Y/ [OH] is equal of the initial concentration.

£xp: What is the pH of a 0.010 M HCI solution?

Since HCl is a strong acid, the hydronium ion concentration ﬁmh
the HCI concentration: | :

[H:0']1=0.010 M

concentration:

pH = -log[H;0"] = -log(0.010) = 2.00 |

2- Weak acid / base
It’s important to realize that a weak acid is not the same thir

solution of a strong acid. Whereas a strong acld is 1009 }
Equilibrium exists between the mk amd, .;ﬁand ﬂm anion of the weak i
acid. The eqmlibnmn lies to the leﬁ nan ing that not

at ver 'H,0" is being produced is the

er less than 1.
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Note that water has been omitted from the equilibrium Wﬂm :L',} :

concentration in dilute solutions is essentially the same as that in pure water ar
)

liquids are always omitted from equilibrium equations ’

I-I.l-

Exp: The initial concentration of HNO, is 0.45 M, ﬁ_rﬁ

HNOyug + H2O(1) S NO; g + H,O*

Init 0.45 0 0
Change -x +x X

Equal. 0.45-x X X

T

[ND{][HSO"] () ” wl-*
K=oy " sz N

Simplifies to: since K, *100 < C;

X=[NOj = ('] = /Ka = VASIG S

0436M

[HNO;] = 0.45-0.014 =
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\/3- PH of Salt

Salts such as NaCl that are derived from a strong base (N ﬁl‘,‘.‘;j'_‘,ﬂ; | a strong acid &
(HCI) yield neutral solutions because neither the cation mﬂﬁm‘:ﬂmﬂn reacts
ate base of a strong acid, has

appreciably with water to produce orions. As the conjuga
no tendency to make the solution basic by picking ujs_i a oton from water. As the

oto 5
cation of a strong base, the hyd:mted ion has only a ible tendency to make the '
- T — ;

' to produce either Hy O" or OH 'E
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* Cations from strong bases: Alkali metal cations of group 1A: Li*, Na", K*
Alkaline earth cations of group 2A: Mg™, Ca", Sr*?, Ba*? except for Be"
* Anions from strong monoprotic acids: CI', Br', I', NOy', and ClOy"

Salts that contain only these ions give neutral solutions in pure water (pH= 7).

Salts such as NH,C| that are derfved from a weak base (NH;) and a strong acid (HCI)
produce acidic solutions. In such a case, the anion is neither an acid nor a base, but the
cation 1s a weak acid

NH4"(q) + HiOpy +—— H;0'( + NHigg =%

Finally, salt such as (NH,),CO; in which both the cation and the anion mw
proton-transfer reactions. Because is a weak acid and is a weak base, the ﬁofm
(NH.);CO; solution depends on the relative acid strength of the cation and base
strength of the anion:

We can distinguish three possible cases:

*k=>k, Ifk, for the cation nsgmatermankbfnrthaamun.ﬂmmiuhmwﬂlm
an excess of H;O" ions (pH< 7). Y -
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*k.<ky Ifk, for the cation is less than k; for the anion, the solution will contain
an excess of OH jons (pH> 7 ).

*k=k, If k, for the cation and k;, for the anion are comparable, the solution wil
contain approximately equal concentrations of H;O" and OH ions &ﬂ-‘f},

- R

Calculate the pH of 2 0.10 M solution of AICIy; k, for Al(H0)™ , is 1.4 x 10°.

te the pH of a 0.10 M solution of NaCN; k, for is4.9x10"

‘NaNO, hh ww o
S - .--.. j i .= ___.__:.'. b1 W



3

- — T,

- Calculate k, for the cation and k; for the anion in an agueous NHLCN solution.
Is the solution acidic, basic, or neutral?

4- Solution and indicators for acid/base reaction (titration)

Neutralization titrations depend on a chemical reaction between the ana]ytu
standard reagent. The point of chemical equivalence is indicated by a chemics

indicator or an instrumental method. . e '-"_l
. .- -
- Standard soluti~n | ——

A primary standard is a chemical or reagent which has certai -
as: 1- High purity (e.g.99.9%by weight)
2- Atmospheric stability
3- Absent of hvdrate water
4- Modest cost
5- Reasonable solubility in the titration medium
6- Rea._&unable larg& moldr mass.

- Acid/Base Indicators

An acid / base indicator is a weak organic acid or weak orga

'''''''

form.
HIn +H,0 <«— In+H0"

K." IHIG‘*]{I“- 1
= Hin



Water superheated under pressure to 200 °C and 750 atm h Kw=1.5 3'(1'31
What is [H;0 “Jand [OH) at 200 °C? Is the water acidic, basic, or neutral?

Water at 500 °C and 250 atm is a supercritical fluid. Under these conditions,
Kw is approximately 1.7 X10™” Estimate [H;O *] and {[OH] at 500 °C. Is the

water acidic, basic, or neutral? .

Calculate the pH to the correct number of significant figures for solutions of
Question 17

Cal culate the concentration to the correct number am*] .?H] significant
figures for solutions with the following pH. values: 4.1 10 82,0.00,14.25,

5.238,-1.0,9, 14.25 -0.3,10.75

". A solution of NaOH has a pH of I‘US‘JHQW many grams of Ca0O shnuld be
dissolved in sufficient water to make 1.00 L of a solution having the cséime pH?
A solution of KOH has apHuflODO How many grams of SrO should be
dissolved in sufficient water to make 2.00 L of a solution }aving the same pH?
- ’ . *

g prepared by*

8- Calculate the pH of solu f '_

......

he pH of solutions prepared by: ' :

'
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