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Decide Whether Or Not Each Of The Following Metals Dissolves In 1M HCl. For
These Metals That Do Dissolve, understanding the chemical reactivity of
metals with acids such as hydrochloric acid (HC1l) is fundamental in
chemistry. This knowledge is essential not only for academic purposes but
also for practical applications in industries like metallurgy, corrosion
prevention, and chemical manufacturing. When metals are exposed to acids,
their ability to dissolve depends on their position in the reactivity series,
their oxide stability, and their electrochemical properties. In this
comprehensive guide, we will explore which metals dissolve in 1M HC1l, the
chemical reactions involved, and the factors influencing their solubility.

Understanding Metal Reactivity with
Hydrochloric Acid

The Reactivity Series and Its Significance

The reactivity series of metals is a ranking of metals based on their
reactivity with other substances, especially acids. Metals higher in the
series tend to react more vigorously with acids, often dissolving readily,
while those lower tend to be more inert.

Some key points about the reactivity series:

— It helps predict whether a metal will react with acids.

— It indicates the strength of the metal's tendency to lose electrons
(oxidize) .

— It guides the selection of metals for various chemical processes.

The reactivity series (a simplified list) includes:

— Highly reactive metals: Potassium, Sodium, Calcium, Magnesium, Aluminum
— Moderately reactive metals: Zinc, Iron, Lead

— Less reactive metals: Copper, Silver

- Very inert metals: Gold, Platinum

Reaction of Metals with Hydrochloric Acid

Most metals that are reactive enough will react with hydrochloric acid via a
single displacement reaction:

\[ \text{Metal} + \text{Hydrochloric Acid} \rightarrow \text{Metal Chloride}
+ \text{Hydrogen Gas} \]

For example:
N[ \text{Zn} + 2HC1 \rightarrow ZnCl_2 + H_2 \]

The extent of this reaction depends on the metal's reactivity:
- Reactive metals tend to dissolve completely, releasing hydrogen gas.



- Less reactive metals may not react at all.

Metals That Dissolve in 1M HC1l

Highly Reactive Metals

Metals in the upper part of the reactivity series readily dissolve in dilute
hydrochloric acid.

Examples include:
- Potassium (K)

- Sodium (Na)

— Calcium (Ca)

- Magnesium (Mg)
— Aluminum (Al)

- Zinc (Zn)

— Iron (Fe)

Chemical reactions:

1. Potassium:

\[ 2K + 2HC1 \rightarrow 2KC1l + H_2 \]
2. Sodium:

\[ 2Na + 2HC1 \rightarrow 2NaCl + H_2 \]
3. Calcium:

\[ Ca + 2HC1l \rightarrow CaCl_2 + H_2 \]
4. Magnesium:

\[ Mg + 2HC1 \rightarrow MgCl_2 + H_2 \]
5. Aluminum:

\[ 2A1 + 6HC1 \rightarrow 2A1Cl1_3 + 3H_2 \]

6. Zinc:
\[ Zn + 2HC1 \rightarrow zZnCl_2 + H_2 \]
7. Iron:

\[ Fe + 2HC1l \rightarrow FeCl_2 + H_2 \]

Summary:

— These metals react with dilute HCl to produce their respective metal
chlorides and hydrogen gas.

- The rate of reaction varies based on the metal's reactivity and surface
area.

Moderately Reactive Metals

Some metals react slowly or incompletely with 1M HCl, especially if a
protective oxide layer forms.

— Lead (Pb): Reacts very slowly or slightly, often forming a passivation
layer.
— Nickel (Ni): Generally resistant but can react under certain conditions.



Less Reactive and Inert Metals

Metals like copper, silver, gold, and platinum do not dissolve appreciably in
dilute hydrochloric acid under normal conditions.

— Copper (Cu): Does not react with dilute HCl at room temperature.
- Silver (Ag): Very resistant; no reaction in dilute HCL.

- Gold (Au): Inert; does not dissolve.

- Platinum (Pt): Inert; resistant to acids.

Metals That Do Not Dissolve in 1M HC1l

Inert Metals

These metals are highly resistant to corrosion and do not react with dilute
HC1 due to their stable electron configurations.

Examples:

- Gold (Au)

— Platinum (Pt)

- Silver (Ag) (reacts only under specific conditions, e.g., hot concentrated
acids)

Less Reactive Metals

Some metals are resistant to dilute acids because of their oxide layers or
low reactivity.

Examples:

— Copper (Cu): May react slowly with hot, concentrated acids but not with 1M
HC1.

- Mercury (Hg): Does not react with dilute HCI.

— Nickel (Ni): Generally resistant at room temperature.

Factors Influencing Metal Dissolution in 1M HC1l

Surface Area

— Increasing the surface area (e.g., crushing or powdering) enhances the
reaction rate.
- Finely divided metals react faster than large pieces.

Temperature

- Elevated temperatures accelerate the reaction.
— Heating can increase solubility and reaction rate.



Presence of Oxide Layers

- Metals with protective oxide coatings (like aluminum) may not react unless
these layers are disrupted.

Concentration of HC1l

— Higher concentration acids can react more vigorously, but 1M HCl is
sufficient for many reactive metals.

Impurities and Alloy Composition

— Impurities may either inhibit or catalyze reactions.
— Alloys' reactivity depends on their constituent metals.

Safety Precautions When Handling HCl and
Reactive Metals

- Always wear appropriate personal protective equipment (PPE): gloves,
goggles, lab coat.

— Work in a well-ventilated area or fume hood.

- Handle acids carefully to avoid skin and eye contact.

- Be aware of the reactivity of metals to prevent uncontrolled reactions.

Practical Applications and Implications

1. Metal Extraction and Refining
— Understanding which metals dissolve in HCl helps in the leaching and
purification processes.

2. Corrosion Prevention
- Metals resistant to acids are preferred for corrosion-resistant
applications.

3. Laboratory Analysis
— Predicting the reactivity of metals with acids aids in qualitative
analysis.

4. Waste Management
— Proper disposal of metal-acid waste streams depends on knowledge of metal
solubility.



Summary Table of Metal Reactivity with 1M HC1

| Metal | Dissolves in 1M HC1l | Reaction Type | Notes |

| Potassium | Yes | Single displacement, vigorous | Very reactive, releases
hydrogen gas |
| Sodium | Yes | Single displacement | Highly reactive |
| Calcium | Yes | Single displacement | Reacts readily |
| Magnesium | Yes | Single displacement | Reacts readily, slower than Ca |
| Aluminum | Yes | Passivated unless oxide layer removed | Forms Al1Cl,;; may
need acid treatment |
Zinc | Yes | Single displacement | Reacts readily |
Iron | Yes | Single displacement | Reacts with dilute acid, forms FeCl, |
Lead | Slight or none | Slow reaction or passivation | Generally resistant

Copper | No | No reaction | Resistant in dilute HC1 |
Silver | No | No reaction | Very resistant |

Gold | No | No reaction | Inert |
Platinum | No | No reaction | Very inert |
Conclusion

Deciding whether or not a metal dissolves in 1M HCl hinges on its position in
the reactivity series and its chemical properties. Metals such as potassium,
sodium, calcium, magnesium, aluminum, zinc, and iron readily react with
dilute hydrochloric acid, producing metal chlorides and hydrogen gas. In
contrast, noble metals like gold, platinum, and silver are resistant to such
reactions under normal conditions. The understanding of these reactions is
crucial for various scientific and industrial processes, from metal
extraction to corrosion prevention. Always handle acids and reactive metals
with appropriate safety precautions to ensure safe and effective application.

Keywords: metals dissolving in HCl, reactivity series, hydrochloric acid
reactions, metal corrosion, metal extraction, chemical reactivity, acid-metal
reactions, hydrogen gas evolution

Frequently Asked Questions

Does magnesium (Mg) dissolve in 1M HC1l?

Yes, magnesium dissolves in 1M HC1l, producing magnesium chloride and hydrogen
gas.

Will zinc (Zn) react with 1M HCl to form zinc
chloride?

Yes, zinc reacts with 1M HC1l, forming zinc chloride and releasing hydrogen



gas.

Does iron (Fe) dissolve in 1M HC1l?

Yes, iron dissolves in 1M HC1l, forming iron chloride and releasing hydrogen
gas.

Will copper (Cu) react with 1M HC1?

No, copper does not significantly dissolve in 1M HC1l because it is less
reactive and does not produce hydrogen gas under these conditions.

Does nickel (Ni) dissolve in 1M HC1?

Nickel is generally resistant to dissolving in dilute HCl; it does not react
significantly under these conditions.

Will lead (Pb) react with 1M HC1l?

Lead does not readily dissolve in 1M HCl because of its low reactivity with
dilute acids.

Does aluminum (Al) react with 1M HCl?

Yes, aluminum reacts with 1M HC1l to produce aluminum chloride and hydrogen
gas.

Will silver (Ag) dissolve in 1M HC1?

No, silver does not dissolve in 1M HCl as it is relatively unreactive with
dilute acids.

Does chromium (Cr) react with 1M HCl?

Chromium can react with 1M HC1l to form chromium salts and release hydrogen
gas.

Will titanium (Ti) dissolve in 1M HC1l?

Titanium is generally resistant to dilute acids like 1M HCl and does not
dissolve readily.

Additional Resources

Decide Whether Or Not Each Of The Following Metals Dissolves In 1M HCl: An
In-Depth Analysis

Understanding whether certain metals dissolve in hydrochloric acid (HC1),
especially at a concentration of 1 molar (1M), is fundamental in fields
ranging from metallurgy and chemical engineering to laboratory chemistry and
industrial processes. The solubility of metals in HC1l depends on their
position in the reactivity series, their chemical properties, and the nature
of their oxide or other compounds. This comprehensive review aims to



elucidate the factors influencing metal dissolution in 1M HC1l, identify which
metals dissolve and which do not, and discuss the implications of these
behaviors.

Introduction to Metal Dissolution in
Hydrochloric Acid

Hydrochloric acid (HC1l) is a strong, monoprotic acid that readily reacts with
many metals to produce corresponding metal chlorides and hydrogen gas. The
general reaction for a metal (M) reacting with HC1l is:

N[ \text{M} + 2\text{HCl} \rightarrow \text{MCl}_2 + \text{H}_2 \uparrow \]

The extent to which a metal dissolves in HCl depends on its position in the
reactivity series, the stability of its oxide, and the thermodynamic
feasibility of forming soluble chlorides. Metals can be categorized broadly
into:

— Highly reactive metals that readily dissolve.

— Moderately reactive metals that sometimes dissolve depending on conditions.
— Noble or less reactive metals that resist dissolution under normal
conditions.

Understanding these categories helps predict the behavior of specific metals
in 1M HCI1.

Reactivity Series and Its Role in Metal
Dissolution

The reactivity series ranks metals based on their ability to lose electrons
and form cations. The position in the series largely determines their
behavior in acids:

— Alkali and alkaline earth metals (e.g., potassium, calcium): highly
reactive, dissolve readily.

- Transition metals (e.g., iron, zinc): variable reactivity.

- Noble metals (e.g., gold, platinum): least reactive, resist dissolution.

The key is to relate the reactivity series to the thermodynamic favorability
of metal-HCl reactions.

Metals That Dissolve in 1M HC1l

Several metals readily dissolve in 1M HC1l, producing metal chlorides and
hydrogen gas. These metals are generally above hydrogen in the reactivity



series, implying they can displace hydrogen from acids.

1. Zinc (Zn)

- Reaction:

N[ \text{Zn} + 2\text{HCl} \rightarrow \text{ZnCl}_2 + \text{H}_2 \]
— Features:

— Dissolves rapidly in dilute acids.

— Produces a clear solution of zinc chloride.

— Used industrially in galvanization and corrosion protection.

- Pros/Cons:

— Pros: Efficient and fast dissolution; useful for chemical reactions
requiring zinc ions.

— Cons: Can produce hydrogen gas explosively if not controlled.

2. Iron (Fe)

- Reaction:

\[ \text{Fe} + 2\text{HCl} \rightarrow \text{FeCl}_2 + \text{H}_2 \]

- Features:

— Dissolves in 1M HC1l, especially under acidic conditions.

— Forms ferrous chloride, which is soluble.

- Pros/Cons:

— Pros: Widely available; dissolves reliably.

— Cons: Can form a passive oxide layer hindering dissolution in some cases.

3. Aluminum (Al)

— Reaction:

N[ 2\text{Al} + 6\text{HCl} \rightarrow 2\text{AlCl}_3 + 3\text{H}_2 \]
— Features:

— Dissolves in dilute HC1l, producing soluble aluminum chloride.

— Aluminum's oxide layer is protective but can be penetrated in acid.

- Pros/Cons:

— Pros: Dissolves efficiently; useful in chemical synthesis.

- Cons: Passivation can slow dissolution unless acid concentration is
increased or surface is activated.

4. Magnesium (Mg)

- Reaction:

\[ \text{Mg} + 2\text{HCl} \rightarrow \text{MgCl}_2 + \text{H}_2 \]

— Features:

- Reacts vigorously even in dilute acid.

- Forms soluble magnesium chloride.

- Pros/Cons:

- Pros: Fast reaction; useful in preparing magnesium salts.

- Cons: Hydrogen evolution can be vigorous and hazardous if uncontrolled.

5. Copper (Cu)

— Reaction: Copper does not react significantly with dilute HCl because it is
less reactive.
- Features:



— Copper generally does not dissolve in dilute HCI.
- Requires concentrated acids or oxidizing agents.
- Pros/Cons:

- Pros: Stable in dilute HCI1.

— Cons: Not suitable for dissolution in 1M HCI1.

Metals That Do Not Dissolve in 1M HC1l

Certain metals resist dissolution in dilute hydrochloric acid due to their
position in the reactivity series or the stability of their oxide/hydroxide
layers.

1. Gold (Au)

— Reaction: Gold is a noble metal and does not react with dilute HCL.

— Features:

— Chemically inert in dilute acids.

— Only dissolves in aqua regia (a mixture of HCl and nitric acid).

- Pros/Cons:

— Pros: Highly resistant to corrosion.

- Cons: Cannot be dissolved in 1M HCl, limiting its reactivity in acid-based
processes.

2. Platinum (Pt)

— Reaction: Similar to gold, platinum is highly resistant.
— Features:

— Does not dissolve in dilute acids.

— Dissolves only in aqua regia.

- Pros/Cons:

- Pros: Excellent corrosion resistance.

— Cons: Not soluble in 1M HC1.

3. Lead (Pb)

- Reaction: Lead reacts very slowly or not at all in dilute HCI.

— Features:

— Forms insoluble lead chloride in concentrated acid but is relatively
resistant in dilute form.

- Pros/Cons:

— Pros: Stable in dilute HCI.

— Cons: Slow or negligible dissolution.

4. Copper (Cu)

- Reiterated: Copper is generally resistant to dilute HC1l, dissolving only
under specific conditions or with oxidizing agents.



Factors Influencing Metal Dissolution in 1M HC1l

The dissolution process is influenced by several factors:

— Reactivity Series Position: Metals above hydrogen tend to dissolve.

- Oxide Layer: Protective oxide layers can inhibit dissolution (e.g.,
aluminum) .

- Surface Area: Finely divided metals dissolve faster.

— Concentration of HCl: Higher concentration can increase dissolution.

— Temperature: Elevated temperatures accelerate reactions.

— Presence of Oxidizing Agents: Can facilitate dissolution of noble metals.

Practical Applications and Implications

Understanding whether a metal dissolves in 1M HC1l has practical implications:

— Corrosion Prevention: Metals like gold and platinum are corrosion-—
resistant, making them ideal in harsh environments.

— Metal Recovery: Dissolving metals in acids is a key step in recycling and
refining processes.

— Chemical Synthesis: Selecting metals that dissolve readily allows for the
preparation of metal salts.

- Safety Considerations: Hydrogen gas evolved during dissolution is
flammable; proper ventilation and precautions are necessary.

Summary and Conclusions

The dissolution of metals in 1M hydrochloric acid hinges predominantly on
their position within the reactivity series. Metals such as zinc, iron,
aluminum, and magnesium readily dissolve in dilute HCl, producing their
respective chlorides and hydrogen gas. Conversely, noble metals like gold and
platinum are resistant to dilute acids, requiring more aggressive conditions
like aqua regia for dissolution.

Key Takeaways:

- Metals above hydrogen in the reactivity series generally dissolve in 1M
HC1.

— The formation of soluble chlorides is thermodynamically favorable for
reactive metals.

— Noble metals resist dissolution in dilute acids; their stability makes them
ideal for corrosion-resistant applications.

— Factors such as surface area, temperature, and presence of oxidizing agents
can modify dissolution rates.

Final Note: When working with metals and acids, always consider safety
protocols, especially due to hydrogen evolution and possible acid splashes.
Proper handling ensures safe and effective chemical processes.



In essence, determining whether a metal dissolves in 1M HC1l involves
understanding its reactivity, chemical stability, and environmental
conditions. This knowledge is crucial across various scientific and
industrial domains, guiding material selection, metal recovery, and corrosion
management strategies.
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