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Understanding the pH of solutions is fundamental in chemistry, especially when dealing with acids, bases,
and salts. When it comes to ammonium chloride (NH4Cl), a common salt used in various industrial and
laboratory applications, knowing its pH in aqueous solution helps in predicting its behavior and interactions.
Specifically, a 0.050 M aqueous solution of ammonium chloride typically falls within a specific pH range,
which is crucial for chemists and students alike. This article explores the pH of a 0.050 M NHA4CI solution,
focusing on whether its pH falls within the 0 to 2 range, and provides a comprehensive understanding of

the factors influencing its acidity.

Introduction to Ammonium Chloride (NH4CI)

Ammonium chloride is an inorganic compound with the chemical formula NHACI. It appears as a white
crystalline solid and is highly soluble in water. Due to its properties, NH4Cl is used in various applications

such as:

- A food additive and flavoring agent

- A component in electrolyte solutions for batteries

- A flux in soldering

- A medication to treat certain medical conditions

In aqueous solutions, NH4CI dissociates into ammonium (NH4+) and chloride (Cl-) ions:

\[ \text{NH}_4\text{Cl} \rightarrow \text{NH}_4"+ + \text{CI}"- \]

The chloride ion is neutral, but the ammonium ion is a weak acid, which influences the pH of the solution.



Understanding pH and Its Significance

pH is a measure of the hydrogen ion concentration ([H+]) in a solution, defined as:
\[ \text{pH} = -\log [\text{H}"+] \]

- Acidic solutions have pH less than 7

- Neutral solutions have pH equal to 7

- Basic (alkaline) solutions have pH greater than 7

For solutions containing salts like NH4CI, the pH depends on the nature of the ions produced upon

dissolution.

The Chemistry of Ammonium Chloride in Water

‘When NHA4CI dissolves in water, it produces ammonium and chloride ions:

\[ \text{NH}_4"+ + \text{Cl}"- \]

The chloride ion is the conjugate base of a strong acid (HCI), so it does not affect the pH significantly,
remaining neutral. However, the ammonium ion is the conjugate acid of ammonia (NH3), which is a weak
base. As a weak acid, NH4+ can donate a proton to water, leading to the formation of hydronium ions
(H30+):

\[ \text{NH}_4"+ + \text{H}_2\text{O} \rightleftharpoons \text{NH}_3 + \text{H}_3\text{O}"+ \]

This equilibrium causes the solution to be slightly acidic, making the pH less than 7.

Calculating the pH of a 0.050 M NH4CI1 Solution

To determine whether the pH falls within the 0 to 2 range, it's essential to understand the chemistry

involved and perform calculations based on the dissociation of NH4+.



Step 1: Recognize the Acidic Nature of NH4+

Since NH4+ is a weak acid, its acidity can be characterized by its acid dissociation constant, Ka. The relation

between Ka and the base dissociation constant (Kb) of ammonia is:
\[ K_a \times K_b = K_w \]
Where:

- \( K_w = 1.0 \times 10"{-14} \) (ion product of water)
-\( K_b\) of NH3 is approximately \( 1.8 \times 10"{-5} \)

Thus,

\[ K_a = \frac{K_w}{K_b} = \frac{1.0 \times 10"{-14}}{1.8 \times 10"{-5}} \approx 5.56 \times 10"{-10} \]

Step 2: Set Up the Equilibrium Expression

The dissociation of NH4+ in water can be represented as:
\[ \text{NH}_4"+ + \text{H}_2\text{O} \rightleftharpoons \text{NH}_3 + \text{H}_3\text{O}"+ \]

Assuming initial concentration of NH4+ is 0.050 M, and that x represents the concentration of H30+

produced at equilibrium:

\[ K_a = \frac{[\text{NH}_3][\text{H}_3\text{O}"+]}{[\text{ NH}_4"+]} \]

\[ 5.56 \times 10"{-10} = \frac{x \times x}{0.050 - x} \]

Since Ka is very small, x is expected to be much less than 0.050, allowing us to approximate:
\[ 0.050 - x \approx 0.050 \]

Thus,

\[ 5.56 \times 10"{-10} \approx \frac{x"2}{0.050} \]

\[ x"2 = 5.56 \times 10"{-10} \times 0.050 \]

\[ x"2 \approx 2.78 \times 10"{-11} \]



\[ x = \sqrt{2.78 \times 10"{-11}} \approx 5.27 \times 10"{-6} \]

This value of x corresponds to the concentration of H30+ ions.

Step 3: Calculate the pH

\[ \text{pH} = -\log [\text{H}_3\text{O}"+] = -\log (5.27 \times 10"{-6}) \]

\[ \text{pH} \approx 5.28 \]

Interpreting the Results: Does the pH Fall Within 0 to 2?

Based on the calculations, a 0.050 M solution of ammonium chloride has an approximate pH of 5.28. This pH

value indicates a mildly acidic solution but well above the pH 2 threshold.

Key points:

- The pH of a 0.050 M NHA4CI solution is approximately 5.3.

- It does not fall within the 0 to 2 range, which indicates highly acidic solutions.

- The acidity is due to the weakly acidic nature of the ammonium ion.

‘What does this mean in practical terms?

- Solutions with pH 0-2 are highly acidic, often dangerous and corrosive.

- A pH of around 5.3 suggests a mildly acidic solution, generally safe but potentially corrosive under certain
conditions.

- For applications requiring strongly acidic environments, NH4CI solutions are not suitable at this

concentration.

Factors That Influence the pH of NH4Cl Solutions

Several factors can influence the pH of ammonium chloride solutions, including:

- Concentration of NH4CI: Higher concentrations increase acidity, lowering pH.



- Temperature: Elevated temperatures can shift equilibrium, affecting pH.
- Presence of other ions or compounds: Additional ions may buffer or alter pH.

- Purity of the sample: Impurities may influence acidity or alkalinity.

Summary and Conclusion

In conclusion, a 0.050 M aqueous solution of ammonium chloride does not have a pH within the 0 to 2
range. Instead, its pH is approximately 5.3, reflecting its nature as a weak acid stemming from the

ammonium ion. The key points to remember include:

- Ammonium chloride dissociates into NH4+ and CI— in water.
- NH4+ is a weak acid, slightly lowering the pH.
- The calculated pH for 0.050 M NHA4CI is around 5.3, clearly outside the 0 to 2 range.

- Highly acidic solutions (pH 0-2) are much stronger acids, not characteristic of NH4CI at this concentration.

Understanding the pH behavior of ammonium chloride is crucial for its safe handling and application in

various fields, including medicine, industry, and laboratory research.

Additional Tips for Students and Chemists

- Always consider the concentration when predicting pH.
- Use the appropriate Ka or Kb values for calculations involving weak acids or bases.

- Remember that real-world solutions may vary slightly due to impurities or temperature.

In summary, the pH of a 0.050 M aqueous solution of ammonium chloride falls within the approximate
range of 4.8 to 5.5, comfortably outside the 0 to 2 range, confirming its mildly acidic nature and making it

suitable for various applications that require such pH conditions.
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Frequently Asked Questions

What is the typical pH range of a 0.050 M aqueous solution of ammonium
chloride (NH4C1)?

The pH of a 0.050 M NHA4CI solution generally falls within the range of 4.8 to 5.2, indicating a slightly

acidic solution.

Does a 0.050 M NHA4CI solution have a pH below 27

No, a 0.050 M NH4CI solution does not have a pH below 2; it is typically mildly acidic with a pH around 5.

Why is the pH of ammonium chloride solution within a certain range
and not below 27

Because NH4Cl is a weak acid salt, its solution's pH is only mildly acidic, usually above 2, due to partial

hydrolysis of ammonium ions, not strong enough to reach below pH 2.

How does the concentration of NH4CI influence its solution's pH?

At 0.050 M, the solution's pH remains within a mildly acidic range; higher concentrations could slightly
lower the pH, but it generally stays above 2.

Is the pH range for a 0.050 M NHA4CI solution consistent with the options
provided?

Yes, since the pH is typically between 4.8 and 5.2, it falls within the 0 to 2 range only if the question refers

to a broader context; otherwise, it is above 2.

‘What factors determine the pH range of ammonium chloride solutions?

The pH is determined by the hydrolysis of ammonium ions, the concentration of the solution, and the acid-

base properties of ammonium chloride in water.



Additional Resources

Understanding the pH of a 0.050 M Aqueous Solution of Ammonium Chloride (NH4Cl): A Detailed

Exploration

When examining the pH of a solution, especially one like ammonium chloride (NH4Cl), it’s essential to
understand the underlying chemical principles that influence its acidity or alkalinity. Ammonium chloride
is a common salt formed from the reaction of a weak base (ammonia, NH3) and a strong acid (hydrochloric
acid, HC). Its aqueous solutions are known to be slightly acidic, but quantifying this acidity requires a deep
dive into the chemistry involved. This review aims to thoroughly analyze the pH range of a 0.050 M
NH,CI solution, addressing the question: "The pH of a 0.050 M aqueous solution of ammonium chloride falls

within what range? (a) 0 to 2" and beyond.

Fundamental Concepts: Acid-Base Chemistry and Salt Hydrolysis

Before delving into calculations, it is crucial to revisit some core concepts in acid-base chemistry:

1. Acid-Base Behavior of Salts

- Salts are ionic compounds formed from acids and bases.

- When dissolved in water, salts can undergo hydrolysis, affecting the pH.

- The pH of a salt solution depends on the nature of the ions produced upon dissociation:

- Cationic hydrolysis: If the cation is from a weak base, it can hydrolyze to produce H" ions, making the
solution acidic.

- Anionic hydrolysis: If the anion is from a weak acid, it can hydrolyze to produce OH" ions, making the
solution basic.

- Strong acid and strong base salts: Typically neutral, with pH close to 7.

2. The Nature of Ammonium Chloride (NH,CI)

- NHCl is formed from NH; (weak base) and HCl (strong acid).

- Upon dissolving, it dissociates into NH4" and Cl” ions:
NH,CI (s) > NHy" (aq) + CI” (aq)
- Since CI is the conjugate base of a strong acid (HCl), it does not hydrolyze significantly.

- NH,, as the conjugate acid of NHj, can undergo hydrolysis, releasing H" ions and making the solution

mildly acidic.



Analyzing the pH of NH4CI Solution

1. Dissociation in Water

- The initial dissociation is straightforward:
NH,CI (s) > NHy4' (aq) + Cl (aq)

- Both ions are now in solution; the chloride ion is inert, but the ammonium ion can influence pH.

2. Hydrolysis of the Ammonium Ion

- The primary contributor to acidity is the hydrolysis of NH,":
NH4+ + H,0O = NH; + H3O+

- This equilibrium is key to understanding the solution's acidity because it produces hydronium ions (H;O"),

lowering pH.

3. Equilibrium Constant for Hydrolysis

- The extent of hydrolysis depends on the acid dissociation constant (Ka) of the ammonium ion.

- Since NHy' is the conjugate acid of NHj:
NH; + H,O = NH," + OH

- The base dissociation constant (Kb) for ammonia is approximately 1.8 x 107 at 25°C.

- The Ka for NHy" can be derived from the relation:
Kw =Ka x Kb

where Kw = 1.0 x 107 (at 25°C).

- Therefore:

Ka=Kw /Kb = (1.0 x 10™) /(1.8 x 107) = 556 x 107"



This Ka value reflects a weak acid, but enough to influence pH in dilute solutions.

Calculating the pH of a 0.050 M NH,4C1 Solution

To estimate the pH, we employ an equilibrium approach considering the hydrolysis of NH,".

1. Set Up the Hydrolysis Equilibrium

- Let x be the concentration of H;O" produced at equilibrium:

NH," + H,O = NH; + H;0"

- Initial concentration of NH," = 0.050 M

- Equilibrium concentration of NH," = 0.050 - x = 0.050 M (since x is small)

- Equilibrium concentration of H;0" = x

2. Write the Equilibrium Expression

- The equilibrium constant expression:

Ka = [NH;|[H;0"] / [NH,']

- Since NH; and H;0" are produced in a 1:1 ratio:
[NH;] = x

- Therefore:

Ka ~ x* / (0.050)

- Plugging in the values:

5.56 x 107 = x> / 0.050

- Solving for x:



x* = (556 x 107%) x 0.050 = 2.78 x 107"

x =278 x 107") = 527 x 10° M

3. Calculate pH

- pH is related to [H30"]:
pH = -log [H;0'] = -log (5.27 x 107°)
- pH ~528

This calculation indicates that the solution is mildly acidic.

Interpreting the pH Range

Given the above calculations, the approximate pH of a 0.050 M NH,4CI solution is around 5.3.

Implication for the Range 0 to 2

- Since pH 7 is neutral, and pH 5.3 indicates acidity, the solution does not fall into the strongly acidic range
(pH 0-2).

- The pH is comfortably within the mildly acidic range, significantly above 2.

- Therefore, the answer to the question: "The pH of a 0.050 M aqueous solution of ammonium chloride falls

within what range? (a) 0 to 2" — is No.

In fact, the pH is approximately 5.3, well outside the 0-2 range.

Broader Context: pH of Similar Solutions and Factors Influencing
It

Understanding the pH of NH4Cl solutions helps in broader contexts:



1. Concentration Dependence

- Increasing the concentration of NH4Cl would increase the concentration of NH4" ions.
- As a result, hydrolysis would be more extensive, and the pH would decrease (become more acidic).

- Conversely, decreasing concentration would make the solution less acidic, raising pH.

2. Temperature Effects

- Elevated temperatures can shift equilibrium positions.
- Usually, higher temperatures increase ionization, possibly lowering pH slightly, but the effect is

generally modest for dilute solutions.

3. Comparison with Other Salts

- Salts derived from strong acids and bases (like NaCl) are neutral with pH ~7.
- Salts from weak acids and strong bases (e.g., sodium acetate) tend to be basic.
- Salts from weak acids and weak bases (like ammonium acetate) can have pH close to neutral, slightly

acidic or basic depending on their relative strengths.

Summary and Final Thoughts

- The pH of a 0.050 M aqueous solution of ammonium chloride is approximately 5.3.

- This value indicates a mildly acidic solution, owing to the hydrolysis of NH,".

- Since the pH is well above 2, the solution does not fall within the 0-2 range.

- Therefore, the correct understanding is that the pH of this solution is between about 5 and 6, comfortably

outside the 0-2 range.
In conclusion, if posed with the multiple-choice question: "The pH of a 0.050 M aqueous solution of

ammonium chloride falls within what range? (a) 0 to 2," the correct response would be No, because the

actual pH (~5.3) is outside this range.

Additional Considerations for Students and Chemists
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