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10.3: Brgnsted-Lowry Definition of Acids and Bases

&b Learning Objectives

1. Recognize a compound as a Brgnsted-Lowry acid or a Brgnsted-Lowry base.
2. Illustrate the proton transfer process that defines a Brgnsted-Lowry acid-base reaction.

Ammonia (NH3) increases the hydroxide ion concentration in aqueous solution by reacting with water rather than releasing
hydroxide ions directly. In fact, the Arrhenius definitions of an acid and a base focus on hydrogen ions and hydroxide ions. Are
there more fundamental definitions for acids and bases?

In 1923, the Danish scientist Johannes Brgnsted and the English scientist Thomas Lowry independently proposed new definitions
for acids and bases. Rather than considering both hydrogen and hydroxide ions, they focused on the hydrogen ion only. A
Brgnsted-Lowry acid is a compound that supplies a hydrogen ion in a reaction. A Brgnsted-Lowry base, conversely, is a compound
that accepts a hydrogen ion in a reaction. Thus, the Brgnsted-Lowry definitions of an acid and a base focus on the movement of
hydrogen ions in a reaction, rather than on the production of hydrogen ions and hydroxide ions in an aqueous solution.

Let us use the reaction of ammonia in water to demonstrate the Brgnsted-Lowry definitions of an acid and a base. Ammonia and
water molecules are reactants, while the ammonium ion and the hydroxide ion are products:

NHs(aq) + H,O(¢) — NH,  (aq) + OH~ (aq) (10.3.1)

What has happened in this reaction is that the original water molecule has donated a hydrogen ion to the original ammonia
molecule, which in turn has accepted the hydrogen ion. We can illustrate this as follows:

H H
[ e, [, .
H_T: + H—O0: — H—N—H + :0:
H H H H
Hydrogen Hydrogen
ion acceptor: ion donor:
B-L base B-L acid

Because the water molecule donates a hydrogen ion to the ammonia, it is the Brgnsted-Lowry acid, while the ammonia molecule—
which accepts the hydrogen ion—is the Bregnsted-Lowry base. Thus, ammonia acts as a base in both the Arrhenius sense and the
Brgnsted-Lowry sense.

Is an Arrhenius acid like hydrochloric acid still an acid in the Brensted-Lowry sense? Yes, but it requires us to understand what
really happens when HCl is dissolved in water. Recall that the hydrogen atom is a single proton surrounded by a single electron. To
make the hydrogen ion, we remove the electron, leaving a bare proton. Do we really have bare protons floating around in aqueous
solution? No, we do not. What really happens is that the H" ion attaches itself to H,O to make H;0*, which is called the hydronium
ion. For most purposes, H" and H;O" represent the same species, but writing H;O" instead of H" shows that we understand that
there are no bare protons floating around in solution. Rather, these protons are actually attached to solvent molecules.

A proton in aqueous solution may be surrounded by more than one water molecule, leading to formulas like HsO," or HgO4"
rather than H30". It is simpler, however, to use H30".

With this in mind, how do we define HCI as an acid in the Brgnsted-Lowry sense? Consider what happens when HCI is dissolved
in H20:
HCl(g) + HyO(f) — H30" (aq) + Cl™ (aq) (10.3.2)

We can depict this process using Lewis electron dot diagrams:
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Now we see that a hydrogen ion is transferred from the HCI molecule to the HyO molecule to make chloride ions and hydronium
ions. As the hydrogen ion donor, HCI acts as a Brensted-Lowry acid; as a hydrogen ion acceptor, H>O is a Bronsted-Lowry
base. So HCl is an acid not just in the Arrhenius sense but also in the Brensted-Lowry sense. Moreover, by the Brgnsted-Lowry
definitions, HO is a base in the formation of aqueous HCI. So the Brgnsted-Lowry definitions of an acid and a base classify the
dissolving of HCI in water as a reaction between an acid and a base—although the Arrhenius definition would not have labeled
H,O a base in this circumstance.

All Arrhenius acids and bases are Brgnsted-Lowry acids and bases as well. However, not all Brgnsted-Lowry acids and bases
are Arrhenius acids and bases.

v/ Example 10.3.1

Aniline (C¢HsNH)y) 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
CeHsNH; and H;O are the reactants. When C¢HsNH; 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:

CgHsNHo(aq) + H,O(2) — CeHsNH3'(ag) + OH (aq)

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

? Exercise 10.3.1

Caffeine (CgH19N403) is a stimulant found in coffees and teas. When dissolved in water, it can accept a proton from a water
molecule. Write the chemical equation for this process and identify the Brgnsted-Lowry acid and base.

Answer
CgH10N402(aq) + HyO(£) — CgH11N40;"(aq) + OH (aq)
B-L base B-L acid

The Brensted-Lowry definitions of an acid and a base can be applied to chemical reactions that occur in solvents other than water.
The following example illustrates.

v/ Example 10.3.2

Sodium amide (NaNH>) dissolves in methanol (CH30H) and separates into sodium ions and amide ions (NH;"). The amide
ions react with methanol to make ammonia and the methoxide ion (CH30"). Write a balanced chemical equation for this
process and identify the Brgnsted-Lowry acid and base.

Solution
The equation for the reaction is between NH,~ and CH30H to make NH3 and CH30 is as follows:
NH, (solv) + CH30H(2) - NHj3(solv) + CH30 (solv)

The label (solv) indicates that the species are dissolved in some solvent, in contrast to (aq), which specifies an aqueous (H,O)
solution. In this reaction, we see that the NH,™ ion accepts a proton from a CH3;0H molecule to make an NH3 molecule. Thus,
as the proton acceptor, NH," is the Brgnsted-Lowry base. As the proton donor, CH30H is the Brgnsted-Lowry acid.
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Pyridinium chloride (C5sH;NHCI) dissolves in ethanol (C,HsOH) and separates into pyridinium ions (CsH;NH™) and chloride
ions. The pyridinium ion can transfer a hydrogen ion to a solvent molecule. Write a balanced chemical equation for this
process and identify the Brgnsted-Lowry acid and base.
Answer

CsHsNH (solv) + CoH50H(R) — CsHsN(solv) + CoHsOH, *(solv)

B-L acid B-L base

Application in Everyday Life

Many people like to put lemon juice or vinegar, both of which are acids, on cooked fish (Figure 10.3.1). It turns out that fish have
volatile amines (bases) in their systems, which are neutralized by the acids to yield involatile ammonium salts. This reduces the
odor of the fish, and also adds a “sour” taste that we seem to enjoy.

CHZCOOH + NH,CH,CH,CH,CH,NH, —— CH,CO0™ + NH;CH,CH,CH,CH,NH,
Acetic acid + Putrescine —> Acetate ion + Putrescinium ion
Figure 10.3.1: A neutralization reaction takes place between citric acid or acetic acid (proton donors) in lemons or vinegar and
putrescine (proton acceptor) in the flesh of fish. (CC BY 4.0; OpenStax)
Pickling is a method used to preserve vegetables using a naturally produced acidic environment. The vegetable, such as a
cucumber, is placed in a sealed jar submerged in a brine solution. The brine solution favors the growth of beneficial bacteria and
suppresses the growth of harmful bacteria. The beneficial bacteria feed on starches in the cucumber and produce lactic acid as a
waste product in a process called fermentation. The lactic acid eventually increases the acidity of the brine to a level that kills any
harmful bacteria, which require a basic environment. Without the harmful bacteria consuming the cucumbers they are able to last
much longer than if they were unprotected. A byproduct of the pickling process changes the flavor of the vegetables with the acid
making them taste sour.

To Your Health: Brgnsted-Lowry Acid-Base Reactions in Pharmaceuticals

There are many interesting applications of Brgnsted-Lowry acid-base reactions in the pharmaceutical industry. For example, drugs
often need to be water soluble for maximum effectiveness. However, many complex organic compounds are not soluble or are only
slightly soluble in water. Fortunately, those drugs that contain proton-accepting nitrogen atoms (and there are a lot of them) can be
reacted with dilute hydrochloric acid [HCl(aq)]. The nitrogen atoms—acting as Brgnsted-Lowry bases—accept the hydrogen ions
from the acid to make an ion, which is usually much more soluble in water. The modified drug molecules can then be isolated as
chloride salts:

\[\mathrm{RN(sl\: aq) + HA+(aq) \rightarrow RNHA+(aq) \xrightarrow{Cl"-(aq)} RNHCI(s)} \label{Eq3} \]
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where RN represents some organic compound containing nitrogen. The label (sl aq) means “slightly aqueous,” indicating that the
compound RN is only slightly soluble. Drugs that are modified in this way are called hydrochloride salts. Examples include the
powerful painkiller codeine, which is commonly administered as codeine hydrochloride. Acids other than hydrochloric acid are
also used. Hydrobromic acid, for example, gives hydrobromide salts. Dextromethorphan, an ingredient in many cough medicines,
is dispensed as dextromethorphan hydrobromide. The accompanying figure shows another medication (lidocaine) as a
hydrochloride salt.

Figure used with permission from Wikipedia.
Conjugate Acid-Base Pairs

According to the Bronsted-Lowry theory of acids and bases, an acid is a proton donor and a base is a proton acceptor. Once an acid
has given up a proton, the part that remains is called the acid's conjugate base. This species is a base because it can accept a proton
(to re-form the acid). The conjugate base of HF (first example below) is fluoride ion, F-.

Acid = H' + Conjugate base of Acid™
HF =H"+F~
H,O= H' +OH~
NH; = H" +NH;s
Similarly, the part of the base that remains after a base accepts a proton is called the base's conjugate acid. This species is an acid
because it can give up a proton (and thus re-form the base). The conjugate acid of fluoride ion, F- (first example below) is HF.
H* + Base = Conjugate acid of Base™
H* +F =HF
H* +OH™ =H,0
H" +H,0=H;0"
HT+NH; = NHZ
To summarize, the conjugate base of HF is fluoride ion, F~, and the conjugate acid of fluoride ion, F-, is HF. The HF/F- pair is
referred to as a conjugate acid-base pair. The difference in the formulas of a conjugate acid-base pair (example: HF and F") is H".
The table below lists conjugate acid-base pairs for your reference so that you can figure out the strategy of identifying them. For
any given acid or base, you should be able to give its conjugate base or conjugate acid. The formula of an acid's conjugate base is

generated by removing a proton (H*) from the acid formula. The formula of the base's conjugate acid is formed by adding a
proton (H*) to the formula of the base.

Table 10.3.1. Conjugate acid-base pairs.

Conjugate Acid Conjugate Base
H, o* H,0
H,0 OH™
H,SO, HSO,
HSO, SOy~
NH; NH,
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Conjugate Acid Conjugate Base
NH, NH;
CH,COOH CH,CO0~
CH3NH§' CH,NH,

v Example 10.3.3 : Conjugate Pairs

Write the formula of the conjugate base of (a) HCI and (b) HCO3™.

Write the formula of the conjugate acid of (c) CH;NH, and (d) OH™.

Solution:

A conjugate base is formed by removing a proton (H*). A conjugate acid is formed by accepting a proton (H").

a. After HCI donates a proton, a ClI~ ion is produced, and so CI~ is the conjugate base.

b. After hydrogen carbonate ion, HCO5™, donates a proton, its conjugate base, CO32‘ is produced.
c. After accepting a proton (H*), CH;NH, is converted to CH3;NH;", its conjugate acid.

d. After accepting a proton (H*), OH™ is converted to H,O, its conjugate acid.

Exercise : Conjugate Pairs

Write the formula of the conjugate base of (a) HNO, and (b) H,COs.
Write the formula of the conjugate acid of (c) CgH5NH; and (d) HCOs3™.

Answer
a. NOy™ is the conjugate base of HNO,.
b. HCOj5™ is the conjugate base of H,CO3
c. CgH5NH3" is the conjugate acid of CgH5SNH.
d. HoCOs is the conjugate acid of HCO3~

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," /N Hj and H,O/OH ~. This means that the conjugate acid of the base NH; is NH," while the conjugate base of the
acid NH," is NH; Similarly, the conjugate base of the acid H,O is OH", and the conjugate acid of the base OH" is H,0.
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Conjugate acid-base pair Conjugate acid-base pair

H,0 (acid) OH™ (conjugate base) NH; (base) NH4+ (conjugate acid)

Remove H* ‘ Add H*
®9—0® H—

H,0() + NHgaq) ——— OH(ag) + NH,'(@aqg)

Acid Base Conjugate base  Conjugate acid

1

This figure has three parts in two rows. In the first row, two diagrams of acid-base pairs are shown. On the left, a space filling
model of H subscript 2 O is shown with a red O atom at the center and two smaller white H atoms attached in a bent shape. Above
this model is the label “H subscript 2 O (acid)” in purple. An arrow points right, which is labeled “Remove H superscript plus.” To
the right is another space filling model with a single red O atom to which a single smaller white H atom is attached. The label in
purple above this model reads, “O H superscript negative (conjugate base).” Above both of these red and white models is an
upward pointing bracket that is labeled “Conjugate acid-base pair.” To the right is a space filling model with a central blue N atom
to which three smaller white H atoms are attached in a triangular pyramid arrangement. A label in green above reads “N H
subscript 3 (base).” An arrow labeled “Add H superscript plus” points right. To the right of the arrow is another space filling model
with a blue central N atom and four smaller white H atoms in a tetrahedral arrangement. The green label above reads “N H
subscript 3 superscript plus (conjugate acid).” Above both of these blue and white models is an upward pointing bracket that is
labeled “Conjugate acid-base pair.” The second row of the figure shows the chemical reaction, H subscript 2 O (1) is shown in
purple, and is labeled below in purple as “acid,” plus N H subscript 3 (a q) in green, labeled below in green as “base,” followed by
a double sided arrow arrow and O H superscript negative (a q) in purple, labeled in purple as “conjugate base,” plus N H subscript
4 superscript plus (a q)” in green, which is labeled in green as “conjugate acid.” The acid on the left side of the equation is
connected to the conjugate base on the right with a purple line. Similarly, the base on the left is connected to the conjugate acid on
the right side.

In the forward reaction, the parent acid is H,O and and the parent base is NH; (shown in the illustration below). The acid H,O
loses a proton (H*) to form its conjugate base OH". The base NH; gains a proton, to produce its conjugate acid NH,*. In the reverse
reaction, the acid NH," loses a proton (H*) to form its conjugate base NH;. The base OH™ gains a proton, to produce its conjugate

acid H,0.
0y
Double
ﬁr;?c:;tcs proton gained proton lost
= reversible H b " -
. A
| rL — N\ l\IJ |
Qiur,, + ey, —————) Hey, + Ouw...
o \H H/ H H/ \H i N\
H H H H
H,0(l) NH;(aq) NH,*(aq) OH™(aq)
parent acid parent base conjugate acid conjugate base
| | gainof H* | ‘
L loss of H*

When hydrogen fluoride (HF) dissolves in water and ionizes, protons are transferred from hydrogen fluoride (parent acid)
molecules to water (parent base) molecules, yielding hydronium ions (conjugate acid of water) and fluoride ions (conjugate base of

HF):
HF + H,O = H3;0" +F~
_/’-’,J’-. . __.\'. S
H—F: + H—0: =—= H—O—H + :IF:
H H
parentacid  parent base conjugate acid  conjugate base
| | gainof H™

| loss of H*
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Identify the conjugate acid-base pairs in this equilibrium.
CH,CO,H+H,0+— H:,,O+ +CH,;CO;
Solution

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, H3O™ 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:

o the parent acid and its conjugate base (C H3C O, H /C H3CO3) and
o the parent base and its conjugate acid (H3; Ot/ H,O).

proton gained proton lost
0. + o0 -
0° % H ‘0’
[ L | |
AL~ A Ol = | _OuH + ~C

HsC 0 ' Y H HsC 0:
CH5CO,H(aq) H,0() H;0*(aq) CH5C0, " (aq)
parent acid parent base conjugate acid conjugate base

—

v/ Example 10.3.4

Identify the conjugate acid-base pairs in this equilibrium.
(CH;s)sN + H,O = (CH3)sNH™ +OH ™~
Solution

One pair is H2O and OH™, where H2O 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)3NHJr is the conjugate acid (it has an additional proton) and
(CH3)3N is the conjugate base.

? Exercise 10.3.4

Identify the conjugate acid-base pairs in this equilibrium.

NH2_ +H20 = NH3 +OH~
Answer:

HpO (acid) and OH (base); NHy  (base) and NH3 (acid)

The use of conjugate acid-base pairs allows us to make a very simple statement about relative strengths of acids and bases. The
stronger an acid, the weaker its conjugate base, and, conversely, the stronger a base, the weaker its conjugate acid.

Key Takeaways

e A Brensted-Lowry acid is a proton donor, and a Brgnsted-Lowry base is a proton acceptor.
o Brgnsted-Lowry acid-base reactions are essentially proton transfer reactions.
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