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Understanding the mass spectral fragmentation pattern of molecules containing bromine
(Br) is essential for accurate molecule identification and structural analysis. When
analyzing such compounds via mass spectrometry, particularly electron ionization (EI),
characteristic isotope patterns emerge due to the natural isotopic abundance of bromine
isotopes. This guide aims to elucidate the expected ratios of the molecular ion peak (M)
and the M+6 peak (M+6) for a given molecule containing bromine, focusing on the isotope
contributions, calculations involved, and interpretative strategies for mass spectra.

Introduction to Bromine Isotopic Patterns in
Mass Spectrometry

Bromine exists naturally as two stable isotopes:

Key Isotopes of Bromine

e Br-79: approximately 50.7% abundance

e Br-81: approximately 49.3% abundance

Because these isotopes are nearly equally abundant, molecules containing bromine display
a distinctive isotope pattern in their mass spectra, characterized by two peaks of similar
intensities separated by 2 atomic mass units (amu).

Impact on Mass Spectrum

- The molecular ion (M) peak corresponds to molecules containing the predominant
isotopes.

- The M+2 peak results from the molecule containing one Br-81 isotope replacing Br-79.

- The M+4 peak would involve two Br-81 isotopes, but for the scope of this discussion, the
focus remains on M and M+6 peaks, which are relevant when considering molecules with
multiple bromine atoms or specific isotope combinations.



Understanding the M and M+6 Peaks for
Brominated Molecules

In molecules with a single bromine atom, the isotope pattern yields two peaks: M and
M+2. However, for molecules with multiple bromine atoms, the pattern becomes more
complex, with peaks appearing at M, M+2, M+4, M+6, etc., with intensities dictated by
combinatorial isotope distributions.

Scenario: Molecule with Two Bromine Atoms

- When a molecule contains two bromines, the isotopic pattern typically produces three
peaks:

- M: both bromines are Br-79

- M+2: one Br-81 and one Br-79

- M+4: both bromines are Br-81

In some cases, the M+6 peak can appear if the molecule contains three bromines, with
isotope combinations involving two Br-81 and one Br-79, or other arrangements
depending on the number of bromines.

Calculating the M:M+6 Peak Ratio for CI Br
Compounds

The key to understanding the M:M+6 ratio lies in calculating the probabilities of different
isotope combinations, based on the number of bromine atoms in the molecule and their
natural isotopic abundances.

Step 1: Determine the Number of Bromines

- The ratio depends on whether the molecule contains one, two, or more bromine atoms.
- For simplicity, the most common scenario involves molecules with either one or two
bromines.

Step 2: Use Binomial Probabilities for Isotope
Distribution

- The natural isotopic distribution follows binomial probability, where each bromine atom
has a probability of being Br-79 or Br-81.

- For a molecule with n bromines:

- The probability of having k Br-81 isotopes is given by:

\[
P(k) = \binom{n}{k} \times (p_{81})"{k} \times (p {79})"{n - k}



\]

where:
-\(p_{81} \approx 0.493)
-\(p_{79} \approx 0.507\)

Step 3: Calculate the Specific Probabilities for M and
M+6 Peaks

- The M peak corresponds to the isotope composition with zero Br-81 isotopes (all Br-79).
- The M+6 peak (or M+6 in the case of molecules with multiple bromines) corresponds to
the isotope pattern where the total mass increases by 6 units due to specific isotope
combinations.

Note: For molecules with more than two bromines, the M+6 peak arises from
combinations such as:

- Three bromines with two Br-81 and one Br-79 (for molecules with three bromines), or
- Other arrangements, depending on the number of bromines.

Example Calculation: Molecule with Two
Bromines

Suppose the molecule contains two bromines. The possible isotope combinations and their
probabilities are:

| Isotope Composition | Probability | Peak designation |

I I | I

| Both Br-79 [\(P_ 0 = (p {79})"2\) | M (base molecular ion) |

| One Br-81, one Br-79 | \( P 1 = 2 \times p {79} \times p {81} \) | M+2 peak |
| Both Br-81 | \(P 2 = (p {81})"2\) | M+4 peak |

Calculations:

\[

P 0 = (0.507)"2 \approx 0.257
\]

\[

P 1 = 2 \times 0.507 \times 0.493 \approx 2 \times 0.2497 \approx 0.499
\]

\[

P 2 =(0.493)"2 \approx 0.243

\]

Total probability sums to 1 (within rounding errors).

Note: The M+6 peak is not typically observed in a molecule with only two bromines unless
multiple isotope effects are involved. However, in molecules with more bromines, the M+6



peak can be significant.

Interpreting the M:M+6 Ratio in Practice

In practice, the M:M+6 ratio is primarily relevant when the molecule contains three
bromines, as the probability of having three Br-81 isotopes can produce an M+6 peak.

Molecule with Three Bromines
The possible isotope combinations are:

| Number of Br-81 atoms | Probability | Peak designation |

I I I I

| 0 Br-81 | \(P 0= (p {79})"~3\) | M (base molecular ion) |

| 1 Br-81 |\(P_1 = 3 \times p {79}"2 \times p {81} \) | M+2 peak |
| 2 Br-81 |\(P_ 2 = 3 \times p {79} \times p {81}72)\) | M+4 peak |
| 3Br-81 |\(P 3 =(p {81})"3\) | M+6 peak |

Calculations:

\[

P 0 =(0.507)"3 \approx 0.130
\]

\[

P 1 = 3 \times (0.507)"2 \times 0.493 \approx 3 \times 0.257 \times 0.493 \approx 3 \times
0.127 \approx 0.381

\]

\[

P 2 = 3 \times 0.507 \times (0.493)"2 \approx 3 \times 0.507 \times 0.243 \approx 3 \times
0.123 \approx 0.369

\]

\[

P 3 =(0.493)"3 \approx 0.120

\]

Thus, the M and M+6 peaks have approximate intensities of 13% and 12%, respectively,
giving the ratio:

\[
\frac{\text{M}} {\text{M+6}} \approx \frac{0.130} {0.120} \approx 1.08
\]

This indicates that the M and M+6 peaks are roughly of similar intensity when three
bromines are present.

General Pattern

- For molecules with one bromine atom: M and M+2 peaks have intensities close to 50%
each.



- For molecules with two bromines: M (both Br-79) and M+4 (both Br-81) are
approximately 25% and 24%, respectively.

- For molecules with three bromines: M and M+6 peaks are approximately 13% and 12%,
respectively.

Why Is the M:M+6 Ratio Important?

Understanding the ratio of M to M+6 peaks helps in:

¢ Determining the number of bromine atoms in a molecule.
 Identifying isotopic patterns characteristic of brominated compounds.

e Distinguishing between molecules with similar molecular weights but different
bromine content.

e Confirming the presence of bromine in unknown compounds during spectral analysis.

Practical Tips for Spectral Interpretation

- Compare peak intensities: Use the calculated probabilities to estimate the expected
ratios.
- Identify isotope patterns: Recognize the characteristic 2 amu separated peaks for

Frequently Asked Questions

What is the significance of the M and M+6 peaks in
mass spectrometry analysis of molecules containing
bromine?

In mass spectrometry, M represents the molecular ion peak, while M+6 corresponds to
the molecular ion with an additional 6 mass units, often arising from isotopic patterns.
Bromine's isotopic distribution causes characteristic peaks at M and M+2, but for
molecules containing multiple bromines, the M+6 peak can also be prominent due to
combinations of isotopic variants.

How does the presence of bromine influence the M:M+6
ratio in the mass spectrum of a molecule?

Bromine has two main isotopes, Br-79 and Br-81, roughly in a 1:1 ratio. This results in



similar intensities of M and M+2 peaks for molecules with one bromine atom, and more
complex patterns for multiple bromines. The M+6 peak appears when multiple bromine
isotopic combinations produce a mass increase of 6 units, and its ratio to M depends on
the number of bromines and their isotopic distribution.

For a molecule with one bromine atom, what is the
expected ratio of the M to M+6 peaks?

For a molecule with a single bromine atom, the M and M+6 peaks are not directly related
to bromine isotopes; instead, the key isotopic peaks are at M and M+2. Therefore, in such
cases, the M+6 peak is usually negligible or absent, and the ratio would be approximately
1:0. However, if the question refers to molecules with multiple bromines, then the M+6
peak can be significant.

In molecules with two bromine atoms, what is the
expected M:M+6 peak ratio?

For molecules with two bromines, the isotopic pattern leads to peaks at M, M+2, and
M+4, with relative intensities following a binomial distribution (approximately 1:2:1). The
M+6 peak arises from less common isotopic combinations, so its intensity relative to M
can be estimated based on the probability of having both bromines as Br-81 isotopes in
combination that produce a +6 mass shift. Typically, the M+6 peak is much less intense
than M or M+2 peaks, resulting in a low M:M+6 ratio.

What is the typical M:M+6 ratio observed in a molecule
containing multiple bromines, like Br2 or Br3?

In molecules with multiple bromines, the M+6 peak appears due to isotopic combinations
of Br-79 and Br-81 isotopes. For Br2, the M+6 peak is very small compared to M and M+2
peaks, leading to a high M:M+6 ratio (often greater than 10:1). For Br3, the M+6 peak
becomes slightly more prominent but still remains a minor component compared to the
molecular ion peak, resulting in a ratio typically around 10:1 or higher.

How can understanding the M:M+6 ratio help in
determining the number of bromine atoms in a
molecule?

The M:M+6 ratio, along with other isotope patterns like M+2 and M+4, provides insight
into the number of bromine atoms present. A nearly 1:1 ratio of M to M+2 peaks suggests
one bromine atom, while more complex patterns with multiple peaks and their relative
intensities can indicate the number of bromines. Analyzing the M+6 peak's intensity
relative to M helps confirm the number of bromines and the isotopic composition within
the molecule.



Additional Resources
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Understanding isotopic patterns in mass spectrometry is fundamental for chemists aiming
to determine molecular structures and compositions. When analyzing halogenated
compounds, such as those containing chlorine (Cl) and bromine (Br), the characteristic
isotopic distributions serve as vital clues. This article delves into the specifics of how
isotopic peaks manifest in mass spectra for molecules containing chlorine and bromine,
with a focus on predicting the ratio between the molecular ion peak (M) and the M+6
peak. By examining the natural isotopic abundances and their influence on mass spectra,
we aim to clarify how these ratios can be interpreted and utilized for structural
elucidation.

Fundamentals of Isotopic Distributions in Mass
Spectrometry

Mass spectrometry (MS) relies on ionizing molecules and measuring their mass-to-charge
ratios (m/z). Each molecule produces a pattern of peaks corresponding to its isotopic
variants. The most intense peak typically corresponds to the molecular ion with the most
common isotopes (e.g., ~12C, ~1H, ~35Cl, ~79Br). Minor peaks, separated by specific
mass differences, arise from the presence of less abundant isotopes (~13C, ~37Cl,
~81Br).

Key concepts:

- Isotopic peaks: Variants of the molecular ion differing by the mass of isotopic
substitutions.

- Natural abundance: The relative occurrence of isotopes in nature influences the
intensities of these peaks.

- Characteristic patterns: Halogenated compounds exhibit distinctive isotope patterns due
to the presence of ~35Cl/~37Cl and ©~79Br/”81Br isotopic pairs.

Isotopic Abundances of Chlorine and Bromine

To predict the M:M+6 ratio, it’s essential to understand the isotopic distributions of
chlorine and bromine.

Chlorine Isotopes:

- ~35Cl: approximately 75.78% natural abundance
- ~37Cl: approximately 24.22% natural abundance

This nearly 3:1 ratio significantly influences the isotope pattern in mass spectra. For
molecules containing a single chlorine atom, the isotopic peak intensity ratios reflect these



abundances.
Bromine Isotopes:

- ~79Br: approximately 50.69% natural abundance
- ~81Br: approximately 49.31% natural abundance

Bromine’s isotopic ratio is nearly 1:1, leading to characteristic isotope patterns with
nearly equal peak intensities for the M and M+2 or M+6 peaks, depending on the number
of bromines attached.

Key Point:

The combined isotopic effects of chlorine and bromine produce distinctive spectral
signatures. When both are present, the overlapping isotopic contributions can complicate
the spectrum but also provide unique patterns to identify the presence of each halogen.

Analyzing the Molecular Structure: Which
Compound Are We Considering?

Given the notation "CI Br," it suggests a molecule containing one chlorine atom and one
bromine atom. For simplicity, consider a hypothetical molecule with the formula

C xH yClBr, where the specific structure is less critical than understanding the isotopic
ratios.

Assumptions:

- The molecule contains one chlorine atom (~35C1l/~37Cl).

- The molecule contains one bromine atom (~79Br/”81Br).

- The molecular ion (M) corresponds to the molecule with the most common isotopes
(~12C, ~1H, ~35Cl, ~79Br).

Isotopic Variants:

- M: Contains ~12C, ~1H, ~35Cl, ©~79Br.

- M+6: The peak shifted by 6 mass units, typically arising from isotopic substitutions, such

as ~13C and ™ 81Br.

Understanding the relative intensities of these peaks involves calculating the probability of
different isotopic combinations.

Calculating the M and M+6 Peak Ratios

The key to predicting the M:M+6 ratio is to analyze the isotopic substitutions that result in
peaks separated by 6 mass units. The main contributors are:



- ~13C substitutions: Each carbon atom has about a 1.1% chance of being ~13C. Multiple
carbons increase the likelihood of multiple ~13C isotopes.
- ~81Br substitution: The less abundant isotope ("~ 81Br) adds to the mass difference.

Step 1: Determine the dominant isotopic contributions

- M peak: All isotopes are ~12C, ~1H, ~35Cl, and ~79Br.
- M+6 peak: Arises primarily from:

- A single ©~13C substitution plus ~79Br (mass increase of 1 + 5 = 6 units),

- Or a single ~12C substitution with ~81Br (mass increase of 0 + 2 = 2 units, but this
results in an M+2 peak),

- Or combinations of multiple ~13C isotopes, but their combined probability is lower.

In general, for M+6, the most likely contributions are:

- One ~13C atom replacing a ~12C in the molecule, plus the bromine isotope remaining as
~79Br.

- The bromine isotope being ~81Br instead of ~79Br, with all carbons as ~12C.

Step 2: Calculate the relative probabilities

Suppose the molecule has n carbons; the probability of having exactly one ~13C isotope
among these carbons is approximately:

\[ P {1\, ~{13}C} = n \times 1.1\% \]

The probability of ~81Br replacing ~79Br is about 50%, considering natural abundance.
Step 3: Approximate the M+6 peak relative to M

Given these factors:

- The M peak: 100%

- The M+6 peak: sum of probabilities for the main isotopic substitutions leading to a 6 Da
increase.

Therefore, the ratio:

\[ \frac{M} {M+6} \approx \frac{\text{Probability of M} } {\text{Probability of M+6}} \]

In most practical scenarios, the M+6 peak arises mainly from molecules containing one
~13C and the " 81Br isotope simultaneously, which occurs with probability:

\[ P {M+6} \approx n \times 1.1\% \times 50\% = 0.55\% \times n \]
Assuming the molecule has about 6 carbons (a typical size), the calculations become:
\[ P {M+6} \approx 6 \times 0.011 \times 0.5 = 0.033 = 3.3\% \]

Consequently, the ratio:



\[ M : M+6 \approx 100\% : 3.3\% \approx 30 : 1\]
or approximately 30:1.

Note: The actual ratio can vary depending on the molecular size, the number of carbons,
and the precise isotopic distribution, but this method provides a solid estimate for typical
molecules with similar structures.

Implications for Structural Elucidation and
Spectral Interpretation

Mass spectrometry of halogenated organic molecules is a cornerstone technique in
organic chemistry, environmental analysis, and pharmacology. Recognizing the
characteristic isotope patterns helps chemists:

- Identify the presence of halogens: The distinctive M+2 and M+4 peaks for bromine and
chlorine respectively are telltale signs.

- Determine the number of halogen atoms: The relative intensities of isotopic peaks inform
on how many chlorine or bromine atoms are present.

- Estimate the number of carbons: The intensity of ©~13C isotopic peaks scales with the
number of carbons.

In the specific case of molecules containing one chlorine and one bromine atom, the
combined isotope pattern typically results in a characteristic triplet: the M, M+2, and
M+4 peaks with relative intensities reflecting their natural abundances. The M+6 peak,
while less prominent, can still be analyzed to infer molecular size and composition.

Conclusion: The Predicted M:M+6 Peak Ratio

In summary, for a molecule containing a single chlorine atom and a single bromine atom,
the ratio between the M and M+6 peaks in its mass spectrum is approximately 30:1. This
estimation hinges on the natural isotopic abundances of ~13C and ~81Br and assumes a
typical molecular size with about 6 carbons.

Understanding these patterns empowers chemists to interpret mass spectra with greater
confidence, aiding in the structural determination of complex molecules. Recognizing the
subtle yet informative isotope peaks not only facilitates molecule identification but also
enhances the analytical toolkit for research across chemistry, pharmacology, and
environmental sciences.

In essence, the M:M+6 ratio for molecules with CI Br is approximately 30:1, reflecting the
interplay of isotopic probabilities of carbon and bromine isotopes.
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