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What Is The Absorption Frequency In A 2.4 T Magnetic Field For: A) 1 H B) 13c C) 19f And)
31p

Understanding the absorption frequency in a 2.4 Tesla (T) magnetic field for various nuclei is
fundamental in the fields of nuclear magnetic resonance (NMR) spectroscopy and magnetic resonance
imaging (MRI). This frequency determines the specific energy transition of nuclear spins under an
external magnetic field, enabling scientists and medical professionals to analyze molecular structures
and diagnose conditions effectively. In this article, we explore the concept of absorption frequency, its
calculation for different nuclei, and its practical applications.

What Is Nuclear Magnetic Resonance (NMR) and
Absorption Frequency?

Nuclear Magnetic Resonance (NMR) is a spectroscopic technique that exploits the magnetic properties
of certain nuclei. When placed in a strong magnetic field, these nuclei absorb electromagnetic
radiation at specific frequencies corresponding to transitions between nuclear spin energy levels.

The absorption frequency (also called the Larmor frequency) is the frequency at which a nucleus
resonates when exposed to an external magnetic field. This frequency depends primarily on the
magnetic field strength and the nuclear properties, especially the gyromagnetic ratio.

Key Concepts:

- Gyromagnetic Ratio (y): A constant specific to each type of nucleus, indicating how strongly a
nucleus interacts with magnetic fields.
- Larmor Frequency (f): The frequency at which the nucleus absorbs energy, calculated as:

\[
f = \frac{\gamma}{2\pi} \times B_0
\]

where:
-\( f\) = absorption frequency in Hz

-\(\gamma\) = gyromagnetic ratio in rad- T\(~ {-1}\)-s\(~ {-1}\)
-\( B_0\) = magnetic field strength in Tesla



Calculating Absorption Frequencies for Different Nuclei

Each nucleus has a unique gyromagnetic ratio, which influences its resonance frequency in a given
magnetic field. The following sections detail the calculation for each nucleus at 2.4 T.

1. Hydrogen (*H)

Gyromagnetic ratio:

\[

\gamma_{*H} \approx 2\pi \times 42.577 \text{ MHz/T}
\]

Calculation:

\[

f {*H} =\frac{\gamma_{*H}}{2\pi} \times B_0 = 42.577\, \text{MHz/T} \times 2.4\, \text{T} \approx
102.2\, \text{MHz}

\]

Interpretation:
At 2.4 T, hydrogen nuclei resonate at approximately 102.2 MHz. This is close to the commonly used
MRI field strength of 1.5 T (which corresponds to about 63.86 MHz for *H).

2. Carbon-13 (13C)

Gyromagnetic ratio:

\[

\gamma_{*3C} \approx 2\pi \times 10.708 \text{ MHz/T}
\]

Calculation:

\[

f {$3C} = 10.708\, \text{MHz/T} \times 2.4\, \text{T} \approx 25.7\, \text{MHz}
\]

Interpretation:

Carbon-13 resonates at approximately 25.7 MHz in a 2.4 T magnetic field. This frequency is used in
specialized NMR experiments to study carbon-containing compounds.

3. Fluorine-19 (*°F)



Gyromagnetic ratio:

\[

\gamma_{*°F} \approx 2\pi \times 40.055 \text{ MHz/T}
\]

Calculation:

\[

f {*F} = 40.055\, \text{MHz/T} \times 2.4\, \text{T} \approx 96.1\, \text{MHz}
\]

Interpretation:
Fluorine-19 nuclei resonate at roughly 96.1 MHz. This makes °F a useful nucleus in medical imaging
and chemical analysis due to its high sensitivity.

4. Phosphorus-31 (3'P)

Gyromagnetic ratio:

\[

\gamma_{3'P} \approx 2\pi \times 17.235 \text{ MHz/T}
\]

Calculation:

\[

f {3'P} = 17.235\, \text{MHz/T} \times 2.4\, \text{T} \approx 41.4\, \text{MHz}
\]

Interpretation:
Phosphorus-31 resonates at approximately 41.4 MHz in a 2.4 T field, widely used in studies of
biological molecules and energy metabolism.

Practical Significance of Absorption Frequencies

Knowing the resonance frequencies of different nuclei in a specific magnetic field is vital for designing
NMR experiments and MRI protocols. These frequencies influence the choice of RF pulse parameters,
coil design, and data acquisition settings.

Applications in Medical Imaging and Chemistry

- MRI Scanning:

Most clinical MRI scanners operate at 1.5 T or 3.0 T, corresponding to hydrogen frequencies of about
63.86 MHz and 127.7 MHz, respectively. Understanding these frequencies helps optimize image
quality and contrast.



- Molecular Structure Analysis:
Researchers utilize specific nuclei (e.g., 3C, *°F, 31P) to probe the molecular environment, metabolic
pathways, and chemical compositions.

- Drug Development:
9F MRI allows tracking of fluorinated compounds, offering insights into drug delivery and
pharmacokinetics.

Technical Considerations

- RF Coil Design:
The resonant frequency determines the design of RF coils that efficiently transmit and receive signals.

- Spectral Resolution:
Precise knowledge of absorption frequencies aids in distinguishing signals from different nuclei,
especially in complex biological samples.

- Signal Strength:
Nuclei with higher gyromagnetic ratios produce stronger signals, enabling more sensitive detection.

Summary of Absorption Frequencies at 2.4 T

| Nucleus | Gyromagnetic Ratio (MHz/T) | Approximate Frequency at 2.4 T (MHz) |
| I | |

| *H | 42.577 | 102.2 |

| 3C| 10.708 | 25.7 |

| *°F | 40.055 | 96.1 |

|31P | 17.235 | 41.4 |

Conclusion

The absorption frequency in a 2.4 Tesla magnetic field varies significantly among different nuclei,
primarily due to their unique gyromagnetic ratios. Hydrogen nuclei (*H), with the highest
gyromagnetic ratio among common nuclei, resonate at approximately 102.2 MHz, facilitating its
dominance in MRI imaging. Other nuclei such as 3C, *°F, and 3P have lower resonance frequencies,
which are essential in specialized spectroscopic applications. Understanding these frequencies
enables scientists and clinicians to tailor their equipment and protocols for optimal results, advancing
research and medical diagnostics.
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Frequently Asked Questions

What is the absorption frequency of 1H nucleiina 2.4 T
magnetic field?

The absorption frequency of 1H nuclei in a 2.4 Tesla magnetic field is approximately 101.4 MHz.

How do you calculate the resonance frequency for 13Cina 2.4
T magnetic field?

The resonance frequency for 13C in a 2.4 T field is about 25.2 MHz, calculated using its gyromagnetic
ratio (~67.3 MHz/T).

What is the absorption frequency of 19F in a 2.4 T magnetic
field?

The absorption frequency for 19F in a 2.4 T magnetic field is roughly 223.2 MHz, based on its
gyromagnetic ratio (~94.0 MHz/T).

At 2.4 T, what is the resonance frequency for 31P nuclei?

The resonance frequency for 31P in a 2.4 T magnetic field is approximately 40.2 MHz, given its
gyromagnetic ratio (~17.2 MHz/T).

Why does the resonance frequency differ among 1H, 13C, 19F,
and 31P in the same magnetic field?

Because each nucleus has a unique gyromagnetic ratio, leading to different resonance frequencies in
the same magnetic field strength.

How is the absorption frequency related to the gyromagnetic
ratio for different nuclei?

The absorption frequency is directly proportional to the gyromagnetic ratio, calculated by multiplying
the ratio by the magnetic field strength.



What factors influence the absorption frequency in NMR for
these nuclei?

Factors include the magnetic field strength, the gyromagnetic ratio of the nucleus, and any local
electronic environment affecting chemical shifts.

Can the absorption frequency of these nuclei be used to
identify them in a sample?

Yes, each nucleus has a characteristic resonance frequency at a given magnetic field, allowing for
their identification in NMR spectroscopy.

Are there any practical considerations when measuring these
absorption frequencies at 2.4 T?

Yes, factors such as magnetic field homogeneity, sample conditions, and calibration can affect the
accuracy of the measured resonance frequencies.

Additional Resources
Absorption Frequency in a 2.4 T Magnetic Field: An In-Depth Exploration

Understanding the absorption frequency in a 2.4 Tesla (T) magnetic field is fundamental to the field of
nuclear magnetic resonance (NMR) spectroscopy. This parameter determines the specific
radiofrequency (RF) energy required to excite different nuclei, allowing scientists to probe molecular
structures, dynamics, and environments with remarkable precision. In this comprehensive analysis,
we delve into what the absorption frequency signifies, how it varies across different nuclei—namely
1H, 13C, 19F, and 31P—and the underlying physics that govern these values.

Introduction to Absorption Frequency in NMR

NMR spectroscopy relies on the principle that certain nuclei possess a quantum property called spin,
which makes them behave like tiny magnets. When these nuclei are placed in an external magnetic
field, they align either parallel or antiparallel to the field, creating discrete energy levels. The energy
difference (AE) between these levels corresponds to a specific resonance frequency, often called the
Larmor frequency or absorption frequency.

Key Points:

- The absorption frequency is the RF frequency at which nuclei absorb energy from an RF pulse,
causing transitions between spin states.

- It is directly proportional to the strength of the magnetic field and the gyromagnetic ratio (y) of the
nucleus:



\[

\nu = \frac{\gamma}{2\pi} \times B_0

\]

where

-\(\nu\) = resonance (absorption) frequency in Hz,
-\(\gamma\) = gyromagnetic ratio in rad/(T-s),
-\(B_0\) = magnetic field strength in Tesla.

- For a given magnetic field, nuclei with higher \(\gamma\) will resonate at higher frequencies.

Fundamentals of Gyromagnetic Ratio and Resonance
Frequencies

The gyromagnetic ratio (\(\gamma\)) is a fundamental property of each nucleus, dictating its response
to magnetic fields. It is expressed in radians per second per Tesla (rad/(T-s)) but is often converted to
MHz/T for ease in NMR calculations.

Conversion to MHz/T:

\[
\text{Resonance frequency} \quad (\text{MHz}) = \gamma/2\pi \times B_0

\]
-\(\gamma/2\pi\) is the gyromagnetic ratio in MHz/T.
Typical \(\gamma/2\pi\) values:

| Nucleus | Gyromagnetic ratio (\(\gamma/2\pi\)) |
| | |

|\(~{1}H\) | 42.577 MHZ/T |

|\(~{13}C\) | 10.705 MHz/T |

| \(~{19}F\) | 40.055 MHz/T |

[ \(~{31}P\) | 17.235 MHZz/T |

These values are well-established and are fundamental for calculating the resonance frequencies at
any magnetic field.

Calculating Absorption Frequenciesat 2.4 T

Given the magnetic field strength \(B_0 = 2.4\, \text{T}\), the resonance frequencies (\(\nu\)) for each
nucleus are calculated as:



\[
\nu = \left(\frac{\gamma} {2\pi}\right) \times B_0
\]

Applying the above, we have:

1. Hydrogen (\(~ {1}H\))

\[

\nu_{~{1}H} = 42.577\, \text{MHz/T} \times 2.4\, \text{T} \approx 102.2\, \text{MHz}
\]

2. Carbon-13 (\(~{131}C\))

\[

\nu_{~{13}C} = 10.705\, \text{MHz/T} \times 2.4\, \text{T} \approx 25.7\, \text{MHz}
\]

3. Fluorine-19 (\(~{19}F\))

\[

\nu_{"~{19}F} = 40.055\, \text{MHz/T} \times 2.4\, \text{T} \approx 96.1\, \text{ MHz}
\]

4. Phosphorus-31 (\(~{31}P\))

\[

\nu_{"~{31}P} = 17.235)\, \text{MHz/T} \times 2.4\, \text{T} \approx 41.4\, \text{MHz}
\]

Summary Table:

| Nucleus | Absorption Frequency at 2.4 T (MHz) |
| | |

[ \("~{1}H\) | ~102.2 MHz |

| \(~{13}C\) | ~25.7 MHz |

| \(~{19}F\) | ~96.1 MHz |

| \(~{31}P\) | ~41.4 MHz |

Implications of These Frequencies in NMR Practice

Knowing the specific absorption frequencies at a given magnetic field is crucial for several reasons:

- Instrument Tuning:
Spectrometers are configured to operate at these specific frequencies, ensuring accurate and efficient
excitation of the nuclei.

- Pulse Sequence Optimization:
The RF pulses are calibrated to match these frequencies; understanding them helps in designing
sequences for high-resolution spectra.



- Sensitivity and Signal Detection:
Nuclei with higher gyromagnetic ratios (like \(~{1}H\) and \(~{19}F\)) tend to produce stronger
signals, making them more sensitive probes in NMR experiments.

- Choice of Nucleus for Specific Applications:

The frequency determines the hardware requirements and influences the choice of nucleus based on
the sample's nature and the desired information.

Deeper Insights into Nucleus-Specific Absorption
Frequencies

A) Hydrogen (\(~{1}H\)

- Most common nucleus in NMR:

Due to its high natural abundance (~99.98%) and high gyromagnetic ratio, \(”~{1}H\) is the most
widely studied nucleus.

- Resonance frequency at 2.4 T:
Approximately 102.2 MHz.

- Applications:
Organic chemistry, biochemistry, medical imaging (MRI), and more.

- Advantages:
High sensitivity, abundant in biological molecules, and relatively straightforward spectra.

- Challenges:
Overlapping signals in complex mixtures; requires high-resolution techniques to distinguish.

B) Carbon-13 (\(~{13}C\)

- Low natural abundance:
About 1.1%, which results in weaker signals.

- Resonance frequency at 2.4 T:
Approximately 25.7 MHz.

- Applications:
Structural elucidation of organic compounds, metabolic studies.

- Enhancement Techniques:
Use of isotopic enrichment and polarization transfer methods to improve sensitivity.

- Advantages:
Provides detailed information about carbon skeletons in molecules.



- Challenges:
Low sensitivity necessitates longer acquisition times or specialized techniques.

C) Fluorine-19 (\(~{19}F\)

- High natural abundance:
Nearly 100%, making it highly sensitive.

- Resonance frequency at 2.4 T:
Approximately 96.1 MHz.

- Applications:
Pharmacology, imaging of fluorinated compounds, environmental analysis.

- Advantages:
Strong signals and wide chemical shift range allowing detailed studies.

- Unique Considerations:
Fluorine is not naturally abundant in biological tissues, so signals are often from introduced
fluorinated probes.

D) Phosphorus-31 (\(~{31}P\)

- Natural abundance:
100%, with a gyromagnetic ratio conducive to sensitive detection.

- Resonance frequency at 2.4 T:
Approximately 41.4 MHz.

- Applications:
Biochemistry, energy metabolism (e.g., ATP studies), mineral analysis.

- Advantages:
Provides insights into biological processes, especially in cellular energetics.

- Challenges:
Requires specialized probes and techniques for in vivo studies.

Factors Affecting the Practical Observation of
Absorption Frequencies

While the theoretical resonance frequencies are well-defined, several practical factors influence the
actual observed signals:

- Magnetic Field Homogeneity:
Imperfections lead to line broadening and reduced resolution.



- Sample Composition and Environment:
Chemical shifts, coupling, and relaxation times can shift resonance frequencies slightly.

- Temperature and Physical Conditions:
Variations can influence chemical shifts and relaxation properties.

- Instrument Calibration:
Precise calibration ensures the RF pulse matches the actual resonance frequency.

Conclusion: The Significance of Absorption Frequency
in 2.4 T Magnetic Field

The absorption frequency in a 2.4 T magnetic field embodies a fundamental parameter that underpins
all NMR spectroscopy applications across various nuclei. By understanding the gyromagnetic ratios
and their impact on resonance frequencies, scientists can tailor their experimental setups, interpret
spectra accurately, and extract meaningful molecular information.
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