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7.11: Concept of Strong and Weak Acids and Bases

Overview of Strong and Weak Acids
Acids can be classified as strong or weak based on their ability to ionize (dissociate) in water.

o Strong Acids: Completely ionize in solution. Nearly all molecules dissociate to produce hydrogen ions (H*).
e Weak Acids: Partially ionize in solution. Only a small fraction of molecules dissociate to produce hydrogen ions
(H*).

Comparison Chart Acids

Property Strong Acid Weak Acid

lonization in Complete Partial

Water

Reaction Symbol Single arrow (—) Double arrow (=)

Example Hydrochloric Acid (HCI) Acetic Acid (CHaCOOH)

lonization HCl = H* + CI” CH:;COOH = H* + CH,CO0"

Equation

Degree of Mearly 100% Typically less than 5%

lonization

pH of Solution Low (e.g. pH 1-3 for 0.1 M Higher (e.g.. pH 4-6 for 0.1 M solution)
solution)

Conductivity High (due to many ions) Lower (due to fewer ions)

Common HCI, H,50Q, (sulfuric acid), HNO; CH;COOH (acetic acid), HF (hydrofluoric acid), H,CO;

Examples (nitric acid) (carbonic acid)

Explanation:

Ionization in Water:
Strong Acids: They dissociate completely in water, meaning that every molecule of the acid releases an H* ion.
Example: Hydrochloric acid (HCI) dissociates as follows:

HCl +H" + ClI”

Weak Acids: They only partially dissociate in water, meaning that only some of the acid molecules release H* ions.
Example: Acetic acid (CHsCOOH) dissociates as follows:
CH3;COOH +— H™ 4+ CH3COO~

Reaction Symbols:

o Strong Acids: Represented with a single arrow (- ) to indicate complete dissociation.
o Weak Acids: Represented with a double arrow (=) to indicate an equilibrium between dissociated and undissociated

forms.
Degree of Ionization:

o Strong Acids: Nearly 100% ionization means that almost all acid molecules donate protons.
o Weak Acids: Typically, less than 5% of the acid molecules ionize, leaving most of the acid molecules undissociated in
solution.

pH of Solution:

o Strong Acids: Result in a low pH (very acidic).
e Weak Acids: Result in a higher pH compared to strong acids of the same concentration.

Conductivity:
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o Strong Acids: High conductivity due to a large number of ions in solution.
e Weak Acids: Lower conductivity due to fewer ions in solution.

By comparing these properties, students can better understand the behavior of strong and weak acids in aqueous solutions.
Overview of Strong and Weak Bases
Bases can be classified as strong or weak based on their ability to ionize (dissociate) in water.

o Strong Bases: Completely ionize in solution. Nearly all molecules dissociate to produce hydroxide ions (OH™).
o Weak Bases: Partially ionize in solution. Only a small fraction of molecules dissociate to produce hydroxide ions (OH™).

Comparison Chart

Property Strong Base Weak Base

lonization in Complete Partial

Water

Reaction Single arrow (—) Double arrow (=)

Symbol

Example Sedium Hydroxide (NaOH) Ammaonia (NH;)

lonization NaQOH — Na* + OH~ MNH; + H,O = NH,* + OH™

Equation

Degree of Nearly 100% Typically less than 5%

lonization

pH of Solution High (e.g.. pH 12-14 for 0.1 M Lower (e.g., pH 8-10 for 0.1 M

solution) solution)

Conductivity High (due to many ions) Lower (due to fewer ions)

Common MNaOH, KOH (potassium hydroxide), NH; (ammeonia), CsHsN (pyridine),

Examples Ca(OH); (calcium hydroxide) CH;NH; (methylamine)
Explanation:

Tonization in Water:

o Strong Bases: They dissociate completely in water, meaning that every molecule of the base releases an OH™ ion.

o Example: Sodium hydroxide (NaOH) dissociates as follows:

NaOH — Na™ + OH

o Weak Bases: They only partially dissociate in water, meaning that only some of the base molecules release OH™ ions.

o Example: Ammonia (NHs) reacts with water as follows:

NH; + H.O = NHy + OH™

Reaction Symbols:

o Strong Bases: Represented with a single arrow (- ) to indicate complete dissociation.
o Weak Bases: Represented with a double arrow (=) to indicate an equilibrium between dissociated and undissociated
forms.

Degree of Ionization:

o Strong Bases: Nearly 100% ionization means that almost all base molecules release hydroxide ions.
o Weak Bases: Typically, less than 5% of the base molecules ionize, leaving most of the base molecules undissociated in
solution.

pH of Solution:

o Strong Bases: Result in a high pH (very basic).
o Weak Bases: Result in a lower pH compared to strong bases of the same concentration.
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Conductivity:

o Strong Bases: High conductivity due to a large number of ions in solution.
o Weak Bases: Lower conductivity due to fewer ions in solution.

By comparing these properties, students can better understand the behavior of strong and weak bases in aqueous solutions.

Relative Strength of Acids and Bases in context of lonization Reactions

Strength
Acid Name Formula lonization Reaction Ka (at 25°C) pKa Category
Hydrochloric Acid HCI HCl = H + CI7 Very large < Strong Acid
-1.0
Sulfuric Acid (1st H,50, H50, — H™ + Wery large < Strong Acid
dissociation) HS04 -1.0
Mitric Acid HMNO; HNO; — H* + NO;y~ Very large < Strong Acid
-1.0
Perchloric Acid HCIO, HCIO, — H* + CIO4” Very large < Strong Acid
-1.0
Hydrobromic Acid HEr HBr — H™ + Br~ Very large < Strong Acid
-1.0
Hydroiodic Acid HI Hl = H" + I Very large < Strong Acid
-1.0
Acetic Acid CH:COOH CH;COOH = H* + 1.8x107% 4.76 Weak Acid
CHsCOO
Formic Acid HCOCH HCOCOH = H* + 1.8x 107 3.75 Weak Acid
HCOO~
Carbonic Acid (1st H,CO; H,COs = H* + 43x107 6.35 Weak Acid
dissociation) HCO5
Hydrofluoric Acid HF HF=H" + F 6.8x 107 3.17 Weak Acid
Phosphoric Acid (1st H;POy HsPO, = H' + 7.5x 107 2.15 Weak Acid
dissociation) HoPOy
Benzoic Acid CeHsCOOH  CaHsCOOH = H* + 6.3x 107 4.20 Weak Acid
CeHsCOO™
Citric Acid CeHa07 CeHaOr = H" + 7.4x 107 (1st 3.14 Weak Acid
CsH, 077 dissociation)
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Kb (at Strength
Base Name Formula lonization Reaction 25°C) pKb  Category
Sodium Hydroxide NaCH NaOH — Na® + OH™ Very large <0 Strong Base
Potassium KOH KOH — K* + OH™ Very large <0 Strong Base
Hydroxide
Calcium Hydroxide CalOH): Ca(OH), — Ca** + 2 OH" Very large <0 Strong Base
Ammonia NH;: NH: + H:O = NH." + OH” 1.8x10°F 475 | Weak Base
fethylamine CH:NH; CH;NH; + H,O = CH;NH;* + 44 %107 3.36 Weak Base
OH~
Pyridine CsHsM CsHsM + H,O = CsHsMNHT + OH" 1.7 %107 8.75 Weak Base
Aniline CeHsMH, = CgHsNH; + H,O = CgHsNH;™ + 43107 9.67  Weak Base
OH™
Ethylamine C;HsNH; C;HsNH; + H;O = CHsNH;™ + S6x 107 3.25 Weak Base
OH™
Trimethylamine {CHz)sN (CH2)sN + Hy0 = (CHz)sNH*Y + 6.5x107° 4,19 Weak Base
OH™
Notes

o Ka and Kb Values: The ionization constants (Ka for acids and Kb for bases) measure the extent of ionization. Higher Ka
or Kb values indicate stronger acids or bases, respectively.

o pKa and pKb Values: The pKa and pKb are the negative logarithms of Ka and Kb, respectively. Lower pKa or pKb
values indicate stronger acids or bases.

This table helps students visualize and understand the relative strengths of acids and bases through their ionization reactions and

properties.

7.11: Concept of Strong and Weak Acids and Bases is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by Yogita
Kumari.
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