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Infrared (IR) spectroscopy is a powerful analytical tool used to identify
functional groups within molecules based on their characteristic absorption
of IR radiation. When analyzing organic compounds, the region around 3100
cm-1 is particularly significant because it typically corresponds to the
stretching vibrations of carbon-hydrogen (C-H) bonds attached to sp2
hybridized carbons, such as those found in alkenes and aromatic rings.
Understanding which compounds show moderate absorption in this region
provides insight into their structure, especially regarding the presence and
nature of unsaturated bonds like double or triple bonds. This article
explores the expected IR absorption patterns of the given
compounds—CH3CH2C=CH (but-1-ene) and but-1-yne-to determine which would
likely exhibit moderate absorption at 3100 cm-1.

Understanding IR Absorption in Organic
Compounds

IR spectroscopy hinges on molecular vibrations, where specific bonds absorb
IR radiation at characteristic frequencies. The key factors influencing IR
absorption include bond strength, bond order, and the hybridization of the
atoms involved.

- C-H Stretching Vibrations: These typically occur in the region of 2800-3100
cm-1.

- Aliphatic C-H bonds: Usually produce strong, sharp peaks near 2850-2960
cm-1.

- Vinyl (alkene) C-H bonds: Often absorb slightly higher, around 3100-3300
cm-1, with a characteristic moderate peak depending on the degree of
substitution and hybridization.

- Aromatic C-H bonds: Show similar absorption patterns, often slightly
sharper and sometimes more intense.

Note: The intensity of absorption (weak, moderate, strong) depends on the
change in dipole moment during vibration and the number of equivalent bonds.

Structural Features of the Compounds Under
Consideration

Let's analyze the two compounds in question:



A. CH3CH2C=CH (But-1l-ene)

- Structure: This compound is an alkene with a double bond between carbons 1
and 2, featuring a methyl group attached to carbon 2 and an ethyl group
attached to carbon 3.

- Hybridization: The carbons involved in the double bond are sp2 hybridized,
and their attached hydrogens are also sp2-hybridized.

- Hydrogen environment: The vinyl hydrogens (attached directly to the sp2
carbons) are expected to absorb IR radiation around 3100 cm-1, producing
moderate peaks.

B. But-1-yne (C=C-CH3)

- Structure: An alkyne with a triple bond between carbons 1 and 2, with a
methyl group attached to carbon 2.

- Hybridization: The carbons in the triple bond are sp hybridized; the
hydrogens attached to sp2 or sp3 carbons have characteristic IR absorptions,
but hydrogens attached directly to sp hybridized carbons are absent in the
triple bond itself.

- Hydrogen environment: The methyl group attached to the sp hybridized carbon
will have C-H bonds, but these generally absorb at slightly different
frequencies, often below 3100 cm-1.

Expected IR Absorption Patterns of the
Compounds

A. CH3CH2C=CH (But-1-ene)

Vinyl hydrogens, which are attached to the sp2 carbons of the alkene, tend to
absorb IR radiation around 3000-3100 cm-1. These absorptions are typically
moderate because the C=CH2 environment produces a distinct but not overly
intense peak in this region. The presence of the double bond introduces
characteristic IR absorption due to the stretching of the C-H bonds on the
alkene.

Key points:

- Moderate IR absorption at ~3100 cm-1.

- The alkene C-H stretch appears near 3010-3100 cm-1.

- The intensity is usually moderate because of the limited number of such
hydrogens.

B. But-1-yne (C=C-CH3)

In alkynes, the hydrogens attached to sp3 carbons (like methyl groups) absorb
IR radiation near 2850-2960 cm-1. The hydrogens directly attached to the sp
hybridized carbons are absent because sp carbons in the alkyne lack attached
hydrogens. Therefore, the IR absorption around 3100 cm-1 is generally weak or
absent for alkynes.

Key points:

- C—H bonds in methyl groups absorb near 2850-2960 cm-1.

- No significant absorption at 3100 cm-1 because of absent vinyl hydrogens.

- Any moderate absorption at 3100 cm-1 is unlikely.



Conclusion: Which Compound Shows Moderate IR
Absorption at 3100 cm*?

Based on the analysis, but-1-ene (CH3CH2C=CH) is expected to show moderate IR
absorption at approximately 3100 cm-1. This is due to the presence of vinyl
hydrogens attached to the sp2 carbons of the alkene, which vibrate at
frequencies near that region. These hydrogens produce characteristic IR
absorption bands that are moderate in intensity because of their environment
and the nature of the C-H bonds involved.

In contrast, but-1-yne lacks hydrogens attached to sp2 or sp3 carbons in the
vicinity of the triple bond that absorb strongly or moderately at 3100 cm-1.
The hydrogens present are on methyl groups attached to sp hybridized carbons,
absorbing slightly below 3100 cm-1, typically in the 2850-2960 cm-1 range.

Therefore, the compound expected to show moderate IR absorption at 3100 cm-1
is CH3CH2C=CH (but-1-ene).

Additional Considerations and Practical
Implications

Factors Affecting IR Intensity

- Number of C-H bonds: More equivalent hydrogens attached to sp2 carbons lead
to stronger peaks.

- Bond environment: Conjugation, substitution patterns, and hybridization
influence absorption intensity and position.

- Sample concentration: Higher concentration enhances absorption intensity
but does not change the fundamental vibrational frequency.

Practical Applications in Organic Chemistry

The ability to distinguish between alkenes and alkynes based on IR spectra is
crucial in structural elucidation. Recognizing the moderate absorption at
around 3100 cm-1 can confirm the presence of an alkene, whereas its absence
might suggest an alkyne or saturated compound.

Summary Table
| Compound | Expected IR Absorption at 3100cm-1 | Reason |
| But-1-ene | Yes, moderate | Vinyl hydrogens attached to sp2 carbons |

| But-1-yne | No, weak or absent | Hydrogens on methyl groups absorb below
3100cm-1 |



In conclusion, when analyzing IR spectra for organic molecules, the presence
of moderate absorption around 3100 cm-1 is indicative of vinyl (alkene)
hydrogens. Hence, CH3CH2C=CH (but-1-ene) would be expected to show this
feature, while but-1-yne would not. This distinction is fundamental in
organic structure determination and showcases the power of IR spectroscopy in
identifying functional groups within complex molecules.

Frequently Asked Questions

Which compound is expected to show moderate IR
absorption at 3100 cm-1?

Compound A: CH3CH2C=CH

Why does CH3CH2C=CH exhibit moderate IR absorption
near 3100 cm-1?

Because it contains an sp? hybridized C-H bond in the alkene group, which
absorbs IR radiation around 3100 cm-1t.

Does but-1-yne show IR absorption at 3100 cm-1?

No, but-1-yne typically shows weak or no absorption near 3100 cm-! because it
contains an sp hybridized C-H bond, which absorbs at a slightly different
region.

Which functional groups contribute to IR absorption
around 3100 cm-1?

Alkene (C=C-H) groups and aromatic C-H bonds generally absorb near 3100 cm-1,
with alkyne C-H bonds absorbing at slightly higher frequencies.

Between alkenes and alkynes, which shows more
prominent IR absorption at 3100 cm-1?

Alkenes (like in CH3CH2C=CH) tend to show moderate absorption around 3100
cm-! due to their sp? hybridized C-H bonds.

Is the IR absorption at 3100 cm-! a definitive
indicator of the presence of an alkene?

It suggests the presence of sp? hybridized C-H bonds typical of alkenes, but
should be confirmed with additional spectral data.



How does the hybridization of carbon affect IR
absorption frequencies?

sp? hybridized carbons (alkenes) absorb around 3100 cm-!, while sp hybridized
carbons (alkynes) absorb at slightly higher frequencies, and sp3 hybridized
carbons absorb lower.

What is the significance of moderate IR absorption
at 3100 cm-* in organic compounds?

It indicates the presence of C-H bonds attached to sp? hybridized carbons,
typical of alkenes, or aromatic systems.

Can you distinguish between compounds A and B based
solely on IR absorption at 3100 cm-1?

Not definitively; additional spectral data and analysis are needed. However,
compound A (alkene) is more likely to show moderate absorption at this
frequency.

What other analytical methods can confirm the
presence of a C=CH group in compound A?

NMR spectroscopy, especially the chemical shift of vinylic protons, and mass
spectrometry can confirm the presence of the C=CH group.

Additional Resources

Understanding IR Absorption at 3100 cm-1: A Detailed Analysis of Relevant
Organic Compounds

Infrared (IR) spectroscopy is an essential analytical tool in organic
chemistry, providing insights into molecular structures based on vibrational
transitions. One of the key regions of interest in IR spectra is around 3100
cm-1, which often pertains to C-H stretching vibrations. When analyzing
compounds that exhibit IR absorption near this wavenumber, understanding the
nature of hydrogen bonding and the type of C-H bonds involved is critical.

In this comprehensive review, we will explore which compound—among the
options A. CH3CH2C=CH and B. But-1l-yne—is expected to show moderate IR
absorption at approximately 3100 cm-1. We will dissect the structural
features, vibrational characteristics, and factors influencing IR absorption
in these molecules, providing a deep understanding of the underlying
principles.



Fundamentals of IR Absorption at ~3100 cm™

Nature of C-H Stretching Vibrations

- The IR absorption around 3100 cm-1 is primarily associated with sp2 and sp3
hybridized C-H bonds.

- Aliphatic (sp3) C-H bonds typically absorb between 2850-2960 cm-1.

- Alkenic (sp2) C-H bonds generally absorb slightly higher, around 3020-3100
cm-1.

- The exact position and intensity depend on the hybridization, electronic
environment, and presence of conjugation or other substituents.

Factors Affecting IR Absorption Intensity and
Position

- Hybridization: sp2 C-H bonds tend to absorb at higher wavenumbers than sp3
C-H bonds.

- Conjugation: Extended conjugation can slightly shift vibrational
frequencies.

- Electronic effects: Electron withdrawing/donating groups influence the
vibrational intensity.

- Molecular symmetry: Symmetric molecules may show weaker IR activity for
certain vibrations.

Analysis of the Given Compounds

Let's delve into each compound, examining their structure, hybridization, and
expected IR spectral features.

Compound A: CH,CH,C=CH (But-1-yne)

Structural Overview

- The compound is a four-carbon chain with a terminal alkyne group.
- Structure: CH3-CH2-C=CH

- Features:

- An alkyne (-C=CH) at the terminal position.

- A saturated ethyl chain (—CH3-CH2-).



Hybridization and Bonding

- The terminal alkyne carbon (—C=CH) involves a sp hybridized carbon.
- The triple bond consists of one sigma and two pi bonds.
- The C-H attached to the sp carbon (terminal alkyne) is also sp hybridized.

Expected IR Absorption Features

- Alkyne C=C stretch: Usually appears around 2100-2260 cm-1-a distinct, sharp
peak.

- Terminal alkyne C-H stretch: Notably appears around 3300 cm-1, often as a
sharp, moderate to weak peak.

- C-H stretch on sp2 or sp3 carbons:

- sp3 C-H: 2850-2960 cm-1

- sp2 C-H (alkene or aromatic): 3020-3100 cm-1

Implications for the 3100 cm-1 Region

- The terminal alkyne's C-H stretch is expected to be near 3300 cm-1,
typically sharper and less intense.

- The alkyne C-H stretch is generally weak to moderate in IR spectra.

- Since the compound contains a terminal alkyne, the C-H stretch associated
with this terminal alkyne may appear close to 3300 cm-1, but not exactly at
3100 cm-1.

Conclusion for Compound A

- The IR absorption at 3100 cm-1 is not strongly characteristic of the
terminal alkyne's C-H stretch.

- The main IR activity in this region would come from sp2 or sp3 C-H bonds.

- Therefore, Compound A would likely show weak or no moderate IR absorption
specifically at 3100 cm-1 attributable to the terminal alkyne C-H stretch.

Compound B: But-1-yne (CH=C-CH,—CH,)

Structural Overview

- Identical to Compound A in structure but perhaps named differently.

- The molecule is but-1-yne, a linear four-carbon chain with a terminal
alkyne at carbon 1.

Hybridization and Bonding

- The terminal carbon involved in the triple bond (C=C) is sp hybridized.
- The terminal alkyne C-H (attached to the sp carbon) is also sp hybridized.

Expected IR Features



- Terminal alkyne C-H stretch: Usually appears around 3300 cm-1, as a sharp
and moderate peak.

- C=C stretch: Around 2100-2260 cm-1.

- Aliphatic C—H bonds: 2850-2960 cm-1.

IR Absorption at ~3100 cm-1

- The key to understanding whether moderate IR absorption occurs at 3100 cm-1
lies in the nature of the terminal alkyne C—H.

- Terminal alkyne C-H absorbs slightly above 3300 cm-1.

- However, in some cases, weak or moderate absorption can extend down to
around 3100 cm-1, especially if there is some conjugation or electron
effects.

Influencing Factors

- Conjugation with double bonds or aromatic systems can shift the terminal
alkyne C-H stretch to slightly lower frequencies.

- Electronic effects: Electron withdrawing groups can influence the
vibrational frequency.

- Molecular environment: Solvent and intermolecular interactions can cause
slight shifts.

Implication for Moderate IR Absorption at 3100 cm-1

- The terminal alkyne C-H stretch may appear as a moderate peak in the around
3300 cm-1 region, but under certain circumstances, it can shift slightly
lower, possibly into the ~3100 cm-1 region.

- Because the question asks which compound would be expected to show moderate
IR absorption at 3100 cm-1, but-1-yne is more likely to display such an
absorption due to its terminal alkyne C-H vibration with some degree of
shifting or broadening.

Comparison and Final Analysis

- Compound A (CH3CH2C=CH) and Compound B (but-1-yne) are essentially the same
in structure, both being terminal alkynes, with similar vibrational features.
- The key difference lies in the context and the expected IR spectral
characteristics.

Expected IR Absorption at ~3100 cm-1

- The alkyne C-H stretch is generally just above 3300 cm-1, but with
conjugation or environmental effects, moderate absorption may appear around
3100 cm-1.

- For alkynes, the IR absorption at ~3100 cm-1 is not typical of the
characteristic terminal alkyne C-H stretch but can be observed as a weaker,



broad, or shifted feature due to various factors.
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