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2.6: ACIDS AND BASES - THE BRONSTED-LOWRY DEFINITION

After completing this section, you should be able to

1. state the Bregnsted-Lowry definition of an acid and a base.
2. identify the Bronsted-Lowry acid and base in a given acid-base reaction.
3. identify the conjugate base of an acid and identify the conjugate acid of a base.

X KEY TERMS

Make certain that you can define, and use in context, the key terms below.

e Brgnsted-Lowry acid
o Brgnsted-Lowry base
e conjugate acid
e conjugate base

You should already be familiar with the Brgnsted-Lowry concept of acidity and the differences between strong and weak acids. You
may wish to review this topic before proceeding.

In 1923, chemists Johannes Brgnsted and Martin Lowry independently developed definitions of acids and bases based on compounds
abilities to either donate or accept protons (H" ions). Here, acids are defined as being able to donate protons in the form of hydrogen ions;
whereas bases are defined as being able to accept protons. This took the Arrhenius definition one step further as water is no longer required
to be present in the solution for acid and base reactions to occur.

BRONSTED-LOWRY DEFINITION

J.N. Bronsted and T.M. Lowry independently developed the theory of proton donors and proton acceptors in acid-base reactions,
coincidentally in the same region and during the same year. The Arrhenius theory where acids and bases are defined by whether the
molecule produces hydrogen ion or hydroxide ion when dissolved in water was too limiting, because not all chemical reactions, especially
organic reactions, occur in water. The Brgnsted-Lowry Theory defines an acid a proton donor, while a base is a proton acceptor. This is
illustrated in the following reactions:

HCl+ HOH — H;0" + Cl~
HOH+ NH; — NH, + OH"

Acid Base

Donates hydrogen ions Accepts hydrogen ions.
HCI HOH — H;0" + CI”
HOH NH;— NH," + "OH

The determination of a substance as a Brgnsted-Lowry acid or base can only be done by examining the reaction, since many chemicals can
be either an acid or a base. For example, HOH is a base in the first reaction and an acid in the second reaction.

Bronsted-Lowry Acids and Bases

HCOL® + HOH ——=  HCO;  + Con
base acid
HCO 3@ + HOH —<— H,CO4 + Oon
conjugate conjugate
acid base
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To determine whether a substance is an acid or a base, count the hydrogens on each substance before and after the reaction. If the number of
hydrogens has decreased, then that substance is the acid (donates hydrogen ions). If the number of hydrogens has increased, then that
substance is the base (accepts hydrogen ions). These definitions are normally applied to the reactants on the left. If the reaction is viewed in
reverse a new acid and base can be identified. The substances on the right side of the equation are called the conjugate acid and conjugate
base compared to those on the left. Also note that an acid turns into a conjugate base, and the base turns into the conjugate acid after the
reaction is over.

CONJUGATE ACID-BASE PAIRS

In aqueous solutions, acids and bases can be defined in terms of the transfer of a proton from an acid to a base. Thus for every acidic species
in an aqueous solution, there exists a species derived from the acid by the loss of a proton. These two species that differ by only a proton
constitute a conjugate acid—base pair. For example, in the reaction of HCl with water shown below, HCI , the parent acid, donates a proton
to a water molecule, the parent base, thereby forming Cl-. Thus HCI and Cl- constitute a conjugate acid—base pair. By convention, we
always write a conjugate acid—base pair as the acid followed by its conjugate base. In the reverse reaction, the Cl- ion in solution acts as a
base to accept a proton from H3O", forming H,O and HCIL. Thus H30" and H,0 constitute a second conjugate acid-base pair. In general,
any acid-base reaction must contain two conjugate acid-base pairs, which in this case are HCl/Cl- and H30*/H0.

proton gained proton lost
H
H—Cl: (|3 — @4 + CIe
. . N'H .~ N'H ps
: H
HCl(aq) H,0() H30%(aq) c'aq)
parentacid  parent base conjugate acid  conjugate base

All acid-base reactions contain two conjugate acid—base pairs.

Similarly, in the reaction of acetic acid with water, acetic acid donates a proton to water, which acts as the base. In the reverse reaction,
H30™ is the acid that donates a proton to the acetate ion, which acts as the base. Once again, we have two conjugate acid-base pairs: the
parent acid and its conjugate base (CH3CO,H/CH3CO5") and the parent base and its conjugate acid (H3O*/H50).

proton gained proton lost
-'ﬁ'- -|- I . ﬁ .
+ —_— @ . + .
H3C/C\O/H :/o"’H ;/O 'H H3C/C\O:e
CHsCORH(aq)  H,O() H:09aq)  CH,coP(aq)
parent acid parent base conjugate acid  conjugate base

In the reaction of ammonia with water to give ammonium ions and hydroxide ions, ammonia acts as a base by accepting a proton from a
water molecule, which in this case means that water is acting as an acid. In the reverse reaction, an ammonium ion acts as an acid by
donating a proton to a hydroxide ion, and the hydroxide ion acts as a base. The conjugate acid-base pairs for this reaction are NH,/NH3

and H,O/OH'.
proton gained proton lost
-|- + -|- @ |I_| + l
H/N‘,HH :/O"'H H/N;'H :/ -.i-,'::
NH;(aq) H,0(l) NHP(ag) @OH(aq)
parent base parent acid conjugate acid conjugate base

https://chem.libretexts.org/@go/page/474100



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/474100?pdf

LibreTextsw

Aniline (C¢HsNH)) is slightly soluble in water. It has a nitrogen atom that can accept a hydrogen ion from a water molecule just like
the nitrogen atom in ammonia does. Write the chemical equation for this reaction and identify the Brgnsted-Lowry acid and base.

Solution
CgHsNH; and H,O are the reactants. When CgHsNH, accepts a proton from H,O, it gains an extra H and a positive charge and leaves
an OH™ ion behind. The reaction is as follows:

C¢H,NH, (aq) + H,0(¢) = C4H,NH; (aq) + OH (aq)

Because CgHsNH; accepts a proton, it is the Brgnsted-Lowry base. The H>O molecule, because it donates a proton, is the Brgnsted-
Lowry acid.

v EXAMPLE 2.6.1

Identify the conjugate acid-base pairs in this equilibrium.
(CH3)3sN + H,O = (CHs)sNH* + OH "~

Solution

One pair is HDO and OH , where HQO has one more H' and is the conjugate acid, while OH ™ has one less H' and is the conjugate
base.

The other pair consists of (CH3)3N and (CH3)3NH+, where (CH3)3NH+ is the conjugate acid (it has an additional proton) and
(CH3)3N is the conjugate base.

Some common conjugate acid—base pairs are shown in Figure 2.7.1. The strongest acids are at the bottom left, and the strongest bases are at
the top right. The conjugate base of a strong acid is a very weak base, and, conversely, the conjugate acid of a strong base is a very weak
acid.

Figure 2.7.1 The Relative Strengths of Some Common Conjugate Acid—Base Pairs
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EXERCISES
1. Identify the Brgnsted-Lowry acids and bases in the reactions given below.

a. CH3CH20™ + H20 <=> CH3CH20H + OH"~
b. CH3CH20H + H2504 <=> CH3CH20H2+ +HS0O4—

2. Show the structures of species X and Y in the following acid-base reactions:
a
: 2 )‘L
OH + X _— Y + S

b)

Answer:
1. a. CH3CH20_ + H20

CH3CH,0H + OH~

base acid acid + base B
b. CH3CH,0H + H,S0, CH3CH,0H,  + HSO,

base acid acid base
2.a)
O
X )L Y: H,0
H OH
b)
. =] Q
X: o~ NH Y: Py o}

QUESTIONS
Q2.7.1
Is the following molecule a Brgnsted acid or base?
HSO,~
SOLUTIONS
S2.7.1
It can be both, consider the following schemes:

HSO4- * I‘[g;()Jr _— HzSO4 + Hzo
HSO, + OH" —_— S0,* + H,0
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