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Infrared (IR) spectroscopy is a fundamental analytical technique used extensively in organic
chemistry to identify and characterize molecular structures. It provides valuable insights into the
functional groups present within a compound by measuring the vibrational transitions of chemical
bonds when exposed to infrared radiation. One of the key features observed in an IR spectrum is the
stretching vibrations of carbon-carbon (C-C) bonds, which are characteristic of various organic
molecules. However, not all molecules containing C-C bonds exhibit a distinct peak corresponding to
the C-C stretch in their IR spectra. This article delves into the factors influencing the IR absorption
of C-C bonds, the types of molecules that display or lack such peaks, and how to select the molecule
that would not show a peak characteristic of a C-C stretch.

Understanding IR Spectroscopy and C-C Stretch
Vibrations

Fundamentals of IR Spectroscopy

Infrared spectroscopy involves passing IR radiation through a sample and measuring the absorption
at different wavelengths. Molecules absorb IR radiation when the energy matches the vibrational
energy levels of specific bonds within the molecule. These vibrational modes include stretching
(change in bond length) and bending (change in bond angle). Each functional group and bond type
has characteristic absorption frequencies, allowing chemists to identify them within a compound.

The IR spectrum is typically plotted as percent transmittance or absorbance versus wavenumber
(cm!). Key regions include:

- Fingerprint region (600-1500 cm~?): complex, molecule-specific vibrations.
- Functional group region (1500-4000 cm~?): stretches of O-H, N-H, C=0, C-H, and C-C bonds.

Vibrational Frequencies of C-C Bonds

The vibrational frequency for C-C bonds varies depending on several factors such as bond type,
hybridization, and the molecular environment. Typically:



- Single C-C bonds (alkanes): exhibit weak IR absorption around 800-1300 cm~1.

- Conjugated or strained C-C bonds: may show shifts in their vibrational frequencies.

- C-C bonds in specific environments: might not produce a prominent IR peak if their vibrational
modes are IR inactive or weak.

Importantly, C-C single bonds are generally considered to be IR inactive or produce very weak

signals because their vibrational modes do not involve a significant change in dipole moment,
especially in symmetrical environments.

Factors Affecting the IR Absorption of C-C Stretches

1. Symmetry of the Molecule

Symmetrical molecules often lack a net change in dipole moment during certain vibrational modes,
rendering some stretches IR inactive. For example:

- Diatomic molecules with identical atoms: such as N2 or Oz, show no IR activity.

- Symmetrical hydrocarbons: like ethane (Cz2Hs), often have weak or absent IR peaks for C-C
stretches.

2. Nature of the Bond and Hybridization

- Single bonds (o bonds): typically show weak IR signals because of minimal dipole change.
- Double and triple bonds: (like C=0, C=C) are more IR active due to significant dipole moment
changes during vibration.

3. Molecular Environment and Substituents

The presence of electronegative substituents or conjugation can influence vibrational frequencies
and intensities:

- Conjugation: can delocalize electron density, sometimes weakening IR signals.
- Substituents: may increase polarity and IR activity of certain bonds.

4. Overlap and Spectral Resolution

In complex molecules, overlapping peaks and limited spectral resolution can obscure C-C stretches
or make them appear weak.



Identifying Molecules That Do Not Show a C-C Stretch
Peak

Given these factors, certain molecules containing C-C bonds might not display a characteristic IR
peak associated with C-C stretching. Understanding these molecules is essential when interpreting
IR spectra and making structural deductions.

Common Molecules with Weak or Absent C-C Stretch Peaks

- Diatomic molecules with identical atoms: such as N2, Oz, and Hz2, show no IR activity because they
have no dipole moment change during vibration.

- Symmetrical hydrocarbons: like methane (CHa), ethane (C2Hs), and propane (CsHs), often show
very weak or no IR peaks for C-C stretches due to symmetry.

- Cycloalkanes with high symmetry: such as benzene, may have weak or overlapping peaks that
make C-C stretches less prominent.

Specific Example: Ethane (CzHs)

Ethane is a simple alkane with a symmetrical C-C single bond. Its IR spectrum typically shows:

- Strong C-H stretching vibrations around 2850-3100 cm~1.

- Bending modes involving C-H at lower frequencies.

- Very weak or absent peaks for C-C stretching because these vibrations involve minimal change in
dipole moment and are symmetry forbidden.

This makes ethane an ideal candidate for molecules that would not exhibit a prominent IR peak
characteristic of a C-C stretch.

How to Select the Molecule That Would Not Show a C-C
Stretch Peak

When presented with multiple molecules and asked to select the one that would not show a
characteristic C-C stretch in IR, consider the following:

- Symmetry: Choose molecules with high symmetry where vibrational modes are IR inactive.
- Type of bonds: Confirm if the molecules contain only C-C single bonds in environments that do not
induce IR activity.



- Molecular size and complexity: Larger, more symmetrical molecules tend to have weaker or absent
IR peaks for certain stretches.

- Presence of other dominant peaks: Molecules with strong, overlapping peaks in other regions may
mask weak C-C stretches.

Practical Applications and Significance in Organic
Chemistry

The ability to interpret IR spectra accurately and identify molecules lacking certain peaks is crucial
in various contexts:

- Structural Elucidation: Recognizing molecules that lack C-C stretch peaks helps in confirming
symmetry and bonding environments.

- Quality Control: Ensuring that synthesized compounds have the expected IR features.

- Environmental Analysis: Identifying gases like N2 or O: that are IR inactive and cannot be detected
directly via IR spectroscopy.

- Spectra Interpretation in Complex Mixtures: Differentiating molecules based on the presence or
absence of specific vibrational modes.

Summary and Key Takeaways

- Not all molecules with C-C bonds display a prominent IR peak for C-C stretching.

- Symmetry plays a significant role; molecules with high symmetry often lack IR activity for certain
vibrational modes.

- Molecules like diatomic gases (N2, O2), and symmetrical alkanes like ethane, typically do not show
characteristic C-C stretch peaks.

- When selecting a molecule that would not exhibit such a peak, focus on symmetry, bond
environment, and IR activity considerations.

- Understanding these principles aids in accurate IR spectral interpretation and molecular
identification.

By comprehensively analyzing the factors influencing IR absorption and the nature of specific
molecules, chemists can confidently select molecules that lack characteristic C-C stretch peaks,
enhancing their ability to interpret spectra and determine molecular structures accurately.

In conclusion, the molecule that would not show a peak in an IR spectrum characteristic of a C-C
stretch is typically a highly symmetrical diatomic or small molecule with IR inactive vibrational
modes, such as N2 or Oz, or symmetrical alkanes like ethane, where the vibrational modes involve
minimal dipole moment change. Recognizing these molecules and understanding the underlying
reasons for their IR inactivity is essential in spectroscopic analysis and molecular identification.



Frequently Asked Questions

Which molecule is least likely to show a peak in an IR
spectrum characteristic of a CC stretch?

A molecule lacking a carbon-carbon single bond, such as 2-, would not exhibit a CC stretch peak.

Why does 2- not show a peak for CC stretching in its IR
spectrum?

Because 2- lacks a carbon-carbon bond that would produce a characteristic IR absorption in the CC
stretching region.

In IR spectroscopy, which functional groups or bonds typically
produce peaks, and which do not?

Bonds like C=0, C-H, and C=C produce characteristic peaks; bonds like C-C may or may not
produce prominent peaks depending on the context, but in some molecules, the CC stretch may be
weak or absent.

What structural features determine the presence of a CC
stretch peak in IR spectra?

The presence of a carbon-carbon single or multiple bond in the molecule determines whether a CC
stretch peak appears in IR spectra.

Is a molecule with an aromatic ring likely to show a CC stretch
peak in IR?

Yes, aromatic rings contain multiple CC bonds, which typically show characteristic peaks in IR
spectra.

Can the absence of a CC stretch peak in IR spectrum be used
to identify certain molecules?

Yes, the absence of a CC stretch peak can indicate the lack of carbon-carbon bonds, helping to
distinguish molecules like 2-.

What are common IR peaks associated with carbon-carbon
bonds?

Carbon-carbon single bonds (alkanes) typically appear around 800-1300 cm”™-1, but these peaks can
sometimes be weak or absent depending on the molecular environment.



How does molecular structure influence IR spectral peaks,
specifically regarding CC bonds?

The symmetry, conjugation, and bonding environment influence IR absorption intensity and
presence; in some structures, CC bonds may not produce prominent IR peaks.

What is the significance of identifying the absence of a CC
stretch in IR analysis?

It helps confirm the absence of carbon-carbon bonds, aiding in structural elucidation and confirming
certain molecular features.

Why is 2- an example of a molecule that would not show a
peak characteristic of a CC stretch?

Because 2- lacks a CC bond or the bond's IR activity is too weak to produce a detectable peak,
making it an example where no CC stretch peak appears.

Additional Resources
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In the realm of analytical chemistry, infrared (IR) spectroscopy stands as a fundamental tool for
identifying functional groups within organic molecules. By analyzing the absorption of IR radiation
at specific wavenumbers, chemists can deduce the presence or absence of particular bonds, thereby
unveiling the molecular architecture. Among the myriad of vibrational modes, carbon-carbon (C-C)
stretches are especially significant, offering insights into the backbone of organic compounds. Yet,
intriguingly, not all molecules exhibiting C-C bonds display a discernible IR peak associated with
their stretching vibrations. This phenomenon hinges on factors such as molecular symmetry, bond
strength, and the nature of the bonds involved.

This article explores the question: Which molecule would not show a peak in an IR spectrum
characteristic of a CC stretch? We will dissect the underlying principles governing IR absorption,
analyze different molecular structures, and elucidate why certain molecules elude detection of
specific C-C stretching vibrations. Through this detailed examination, readers will gain a clearer
understanding of IR spectroscopy’s nuances and its application in molecular identification.

Understanding IR Spectroscopy and C-C Stretching
Vibrations



The Basics of IR Spectroscopy

Infrared spectroscopy involves passing IR radiation through a sample and measuring the absorption
at various wavenumbers (cm~'). Each type of bond in a molecule vibrates at characteristic
frequencies, leading to absorption peaks that serve as molecular fingerprints. The fundamental
principle is that when the energy of IR radiation matches the vibrational energy of a bond,
absorption occurs, causing a transition between vibrational energy levels.

Key points include:

- Vibrational Modes: Molecules exhibit stretching (change in bond length) and bending (change in
bond angle) modes.

- Selection Rules: For a vibration to be IR-active, it must involve a change in the molecular dipole
moment.

- Characteristic Peaks: Different bonds absorb at characteristic wavenumbers; for example, C-H
stretches appear near 3000 cm~?, while C=0 stretches show up around 1700 cm~1.

Why Focus on C-C Stretching?

C-C bonds are the backbone of organic molecules such as alkanes, alkenes, and aromatic rings.
Their stretching vibrations typically occur in the region of 800-1300 cm~'. Detecting these peaks
helps confirm the presence of carbon frameworks and assess structural features like chain length
and ring formation.

However, several factors influence the IR activity of C-C stretches:

- Symmetry of the molecule: Symmetrical molecules may have IR-active or inactive modes depending
on how vibrations affect the dipole moment.

- Bond environment: Conjugation, substitution patterns, and hybridization alter vibrational
intensities.

- Overlap with other vibrations: Sometimes, C-C stretches are masked by more intense neighboring
peaks.

In particular, molecules with high symmetry can sometimes lack IR-active C-C stretch peaks, a point
central to our discussion.

Factors Influencing the Visibility of C-C Stretch Peaks
in IR Spectra

Symmetry and Dipole Moment Changes



A fundamental rule in IR spectroscopy states that a vibrational mode must involve a change in the
dipole moment for it to be [R-active. In highly symmetric molecules, certain vibrational modes do not
produce a change in dipole moment, rendering them IR-inactive.

For example:

- Symmetric molecules with identical atoms: In molecules like ethane (C2Hs), the symmetric C-C
stretch involves both carbons moving in unison, which does not change the overall dipole moment.
Consequently, this mode may be weak or absent in the IR spectrum.

- Alternating asymmetric stretches: Conversely, asymmetric C-C stretches often produce detectable
IR peaks because they involve a change in dipole moment.

Bond Environment and Conjugation

The electronic environment of C-C bonds influences their vibrational characteristics:
- Conjugated systems: When C-C bonds are part of conjugation with double bonds or aromatic rings,

their vibrational frequencies shift, and peak intensities may diminish.
- Steric effects: Bulky substituents can dampen vibrational amplitudes, affecting IR peak intensities.

Spectral Overlap and Detection Limits

In complex molecules, peaks can overlap, making certain vibrations difficult to distinguish.
Sometimes, the C-C stretch peaks are weak and masked by stronger bands from other functional
groups or molecular vibrations.

Analyzing Candidate Molecules: Which Would Not
Show a C-C Stretch Peak?

To identify the molecule that would not display a characteristic C-C stretch peak, we examine
common classes of organic compounds, focusing on their symmetry, bonding, and IR activity.

1. Ethane (CzHs)

Structure: Ethane is a simple alkane with a single C-C bond and six hydrogens, exhibiting a highly
symmetrical tetrahedral arrangement for each carbon.

IR Characteristics:

- The symmetric C-C stretch involves both carbons moving in phase, which does not produce a



change in the dipole moment.
- As a result, the symmetric C-C stretch in ethane is IR-inactive or very weak.

Conclusion: Ethane's C-C stretch peak is essentially absent or negligible in IR spectra.

2. Benzene (CeéHo)

Structure: Benzene has a planar aromatic ring with delocalized n-electrons, exhibiting high
symmetry (Dsh point group).

IR Characteristics:

- The C-C bonds are equivalent, and the symmetric ring vibrations often do not involve a change in
dipole moment.

- The characteristic aromatic ring vibrations are observed, but the C-C stretches are weak or IR-

inactive due to symmetry.

Conclusion: Benzene's C-C stretching vibrations may not produce prominent IR peaks.

3. Butadiene (C1Hs)

Structure: An unsaturated hydrocarbon with conjugated C=C bonds.
IR Characteristics:

- The C-C single bonds and conjugated C=C bonds produce IR-active peaks.
- The C-C stretches are detectable, although overlapping with C=C stretches.

Conclusion: Likely to show C-C stretch peaks.

4. Cyclohexane (CsHi12)

Structure: A cyclic alkane with a chair conformation exhibiting high symmetry.

IR Characteristics:

- Similar to ethane, its symmetric C-C bonds involve vibrations that are IR-inactive due to no change
in dipole moment.

- The IR spectrum mainly shows C-H stretching and bending vibrations.

Conclusion: Cyclohexane's symmetric C-C stretch peaks are negligible or absent in IR spectra.



Summary of the Analysis

| Molecule | Symmetry | C-C Stretch IR Activity | Likelihood of Peak Presence
| I | | |

| Ethane | High | No | Does not show a peak |

| Benzene | High | No / weak | Likely absent |

| Butadiene | Moderate | Yes | Present |

| Cyclohexane | High | No | Does not show a peak |

Overall, molecules with high symmetry like ethane and cyclohexane are the best candidates for not
showing a C-C stretch peak in IR spectra due to their vibrational modes involving no change in
dipole moment.

Implications for Spectroscopic Identification

Understanding which molecules lack certain IR peaks is crucial for accurate spectral interpretation.
Chemists must recognize that the absence of a C-C stretch peak does not necessarily imply the
absence of C-C bonds but could be a consequence of molecular symmetry and IR activity rules.

Practical considerations include:

- Complementary techniques: Using Raman spectroscopy, which can detect symmetric vibrations
inactive in IR.

- Spectral analysis: Recognizing the characteristic regions where C-C stretches are expected and
understanding the influence of symmetry.

- Structural deduction: Combining IR data with NMR and mass spectrometry for comprehensive
molecular characterization.

Conclusion: The Molecule That Would Not Show a C-C
Stretch IR Peak

After thorough analysis, the molecule that notably would not display an IR peak characteristic of a
C-C stretch is ethane (C2He). Its high symmetry and the nature of its vibrational modes lead to IR
inactivity for the symmetric C-C stretch. Similarly, cyclohexane shares this property due to its
symmetrical cyclic structure.

This insight underscores an essential aspect of IR spectroscopy: the absence of a peak does not
necessarily mean the absence of a bond. Instead, it highlights the importance of considering
molecular symmetry, vibrational selection rules, and complementary analytical techniques in the
comprehensive investigation of organic compounds.



By appreciating these principles, chemists can more accurately interpret IR spectra, avoid
misassignments, and deepen their understanding of molecular structures—skills vital for research,
quality control, and advancing chemical sciences.
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