When 149-pm X-rays Are Incident On A Metal
Surface, A Maximum Diffraction Angle Of =
28.5 Is Produced.

Understanding the Phenomenon: X-ray Diffraction on
Metal Surfaces

When 149-pm X-rays Are Incident On A Metal Surface, A Maximum Diffraction Angle Of =
28.5 Is Produced. This statement encapsulates a fundamental aspect of X-ray crystallography and
diffraction physics. It highlights how X-rays interact with crystalline or metallic surfaces, producing
specific diffraction patterns that reveal structural information. Understanding this process requires a
comprehensive look at the principles of X-ray diffraction, the role of wavelength, and the application
of Bragg's Law, among other concepts.

In this article, we will explore the underlying physics behind X-ray diffraction on metal surfaces,
interpret the significance of the diffraction angle, and discuss how such data can be used to analyze
the microstructure of metals. Whether you're a materials scientist, physicist, or student of
crystallography, this detailed guide will shed light on the meaning and implications of the given
diffraction data.

Basics of X-ray Diffraction

What Are X-rays and How Do They Interact With Materials?

X-rays are a form of electromagnetic radiation with very short wavelengths, typically on the order of
picometers (pm) to nanometers (nm). Due to their high energy, X-rays can penetrate materials and
interact with the atomic planes within crystalline structures.

When X-rays encounter a crystalline solid, they are scattered by the electrons surrounding the atoms.
Constructive interference of these scattered waves produces diffraction peaks, which are detectable

as intensity maxima at specific angles. These diffraction patterns serve as fingerprints of the
material's internal structure.

Principle of X-ray Diffraction

The phenomenon of diffraction arises when incident X-rays are scattered by the periodic array of
atoms in a crystal. The condition for constructive interference, as described by Bragg's Law, is:

\[ n\lambda = 2d \sin \theta \]



-\( n\): order of diffraction (an integer)
-\(\lambda \): wavelength of incident X-rays
-\(d\): interplanar spacing between atomic layers
-\('\theta \): diffraction angle (Bragg angle)

This law relates the wavelength of the X-ray, the crystal's lattice spacing, and the diffraction angle,
enabling the determination of structural parameters.

Significance of the 149-pm Wavelength

Why Is the Wavelength of 149 pm Important?

A wavelength of 149 pm (picometers) is characteristic of high-energy X-rays, suitable for probing
atomic-scale structures. Such short wavelengths are necessary to resolve the small interplanar
spacings typical of metals and crystalline materials.

In practical applications, X-ray sources like synchrotrons or advanced X-ray tubes can generate X-rays
with these wavelengths, allowing detailed structural analysis.

Relation to Interplanar Spacing

Given the wavelength (\( \lambda = 149\, \text{pm} \)) and the maximum diffraction angle (\(
\theta_{max} = 28.5"\circ \)), we can analyze the lattice structure of the metal surface, assuming the
diffraction occurs from specific atomic planes.

Understanding the Maximum Diffraction Angle of 28.5°

Interpretation of the Diffraction Angle

The diffraction angle (\( 2\theta \)) is measured between the incident X-ray beam and the diffracted
beam. When the maximum diffraction occurs at \( 2\theta = 28.5"\circ \), the Bragg angle (\( \theta \))
is half of that:

\[ \theta = \frac{28.5™\circ}{2} = 14.25"™\circ \]

This angle corresponds to the position of the strongest diffraction peak, providing key information
about the interplanar spacing.



Implications for the Metal Surface Structure

The observed maximum at \( 28.5"\circ \) suggests the presence of specific lattice planes with a
particular interplanar spacing. By applying Bragg's Law, we can calculate the atomic plane spacing \(
d\):

\[ d = \frac{n\lambda}{2 \sin \theta} \]

Assuming first-order diffraction (\( n=1)):

\[ d = \frac{1 \times 149\, \text{pm}}{2 \times \sin 14.25"\circ} \]

Calculating:

\[ \sin 14.25"\circ \approx 0.246 \]

\[ d \approx \frac{149\, \text{pm}}{2 \times 0.246} \approx \frac{149\, \text{pm}}{0.492} \approx
303\, \text{pm} \]

This interplanar spacing provides insights into the crystal structure and the specific atomic planes
responsible for the diffraction.

Calculating Interplanar Spacing and Crystal Structure

Step-by-Step Calculation

Using Bragg's Law:
\[ d = \frac{\lambda}{2 \sin \theta} \]
Given:

-\(\lambda = 149\, \text{pm}\)
-\(\theta = 14.25"\circ \)

Calculate:

1.\(\sin 14.25"\circ \approx 0.246\)
2.\(d = \frac{149\, \text{pm}}{2 \times 0.246} \approx 303\, \text{pm}\)

This value indicates the interplanar distance associated with the diffraction peak at 28.5°.



Matching to Crystal Structures

Different crystal systems have characteristic interplanar spacings:
- Face-centered cubic (FCC): Common in metals like aluminum, copper, and gold.
- Body-centered cubic (BCC): Found in metals like iron, chromium.

- Hexagonal close-packed (HCP): Present in metals like magnesium and titanium.

By comparing the calculated \( d\) value to known interplanar spacings, one can identify the specific
crystal planes and the crystal system of the metal surface.

Applications of X-ray Diffraction Data in Material
Science

Determining Crystal Structure and Phase Identification

X-ray diffraction patterns enable scientists to:

- Identify the crystal system (FCC, BCC, HCP, etc.).
- Determine lattice parameters.
- Detect phase transformations or impurities.

Measuring Residual Stress and Strain

Changes in diffraction angles can indicate internal stresses within the metal surface, which affect
mechanical properties.

Analyzing Grain Size and Microstructure

The broadening of diffraction peaks relates to grain size and surface imperfections, providing insights
into material strength and durability.

Conclusion: Significance of the Diffraction Data

The observation that 149-pm X-rays incident on a metal surface produce a maximum diffraction angle
of 28.5° offers a gateway into understanding the microscopic arrangement of atoms within the metal.
The calculated interplanar spacing of approximately 303 pm is consistent with specific lattice planes,



helping scientists deduce the crystal structure and phase composition of the material.

Such data are instrumental in materials science, enabling the development of stronger, more durable
metals and alloys. They also assist in quality control, failure analysis, and the design of materials with
tailored properties.

Summary of Key Points

- X-ray diffraction is governed by Bragg's Law, linking wavelength, interplanar spacing, and diffraction
angle.

- The wavelength of 149 pm is suitable for probing atomic-scale structures in metals.

- A maximum diffraction angle of 28.5° corresponds to a specific interplanar spacing (~303 pm).

- Calculating \( d \) from diffraction data reveals information about the crystal lattice.

- X-ray diffraction analysis is essential for understanding material properties and guiding material
engineering.

Further Reading and Resources

- "Introduction to X-ray Crystallography" by David Watkin

- "Elements of Modern X-ray Physics" by J. Als-Nielsen and D. McMorrow

- Online tools like the International Centre for Diffraction Data (ICDD) database
- Structural databases such as the Crystallography Open Database (COD)

By mastering the principles outlined in this article, researchers and students can effectively interpret
diffraction data, leading to advances in material development, quality assurance, and scientific
discovery.

Frequently Asked Questions

What is the significance of the 28.5° diffraction angle in X-ray
diffraction studies of metals?

The 28.5° diffraction angle indicates the specific angle at which constructive interference occurs for
the incident 149-pm X-rays, corresponding to particular crystal planes in the metal, and helps identify
its crystal structure.

How can Bragg's Law be used to determine the interplanar
spacing in the metal?

By applying Bragg's Law (nA = 2d sin 0) with the known wavelength (149 pm) and the diffraction
angle (28.5°), one can calculate the interplanar spacing d in the metal's crystal lattice.



What is the role of X-ray wavelength in analyzing diffraction
patterns of metals?

The wavelength (149 pm in this case) determines the resolution of the diffraction pattern; shorter
wavelengths can resolve smaller interplanar distances and help identify the crystal structure
accurately.

How does the maximum diffraction angle relate to the crystal
structure of the metal?

The maximum diffraction angle indicates the highest angle at which constructive interference is
observed, providing insights into the spacing between crystal planes and aiding in determining the
metal's lattice parameters.

What information about the metal can be deduced from the
diffraction angle and X-ray wavelength?

From the diffraction angle and wavelength, one can deduce interplanar spacings, identify the crystal
system, and determine lattice constants, thereby revealing the metal's crystalline structure.

Additional Resources
X-ray Diffraction Analysis of Metal Surfaces at 149 pm Wavelengths

Understanding the interaction between X-rays and metallic surfaces is fundamental in materials
science, physics, and engineering. When X-rays of a specific wavelength are incident on a metal, they
can produce diffraction patterns that reveal critical information about the material’s crystal structure,
surface orientation, and imperfections. In this review, we delve into the case where 149 pm
(picometers) wavelength X-rays, incident on a metal surface, produce a maximum diffraction angle of
28.5°, exploring the underlying physics, implications, and practical applications of this phenomenon.

Fundamentals of X-ray Diffraction (XRD)

X-ray diffraction is a powerful technique used to probe the atomic arrangements within crystalline
materials. When X-rays encounter a crystal lattice, they are scattered by the electrons surrounding
the atoms. Constructive interference of these scattered waves, satisfying specific geometric
conditions, results in measurable diffraction peaks.

Key Principles:

- Bragg’s Law: The fundamental equation governing diffraction phenomena, given by:

\[



n\lambda = 2d \sin \theta
\]

where:

-\(n\) is the diffraction order (an integer),

-\(\lambda\) is the wavelength of incident X-rays,

-\(d\) is the interplanar spacing between crystal planes,
-\(\theta\) is the angle of incidence (or diffraction angle).

- Interplanar Spacing (\(d\)): The distance between parallel planes of atoms in a crystal lattice, which
varies depending on the crystal structure and orientation.

- Diffraction Angle (\(\theta\)): The angle at which constructive interference occurs, measurable in
diffraction experiments.

Analyzing the Scenario: 149 pm X-rays Producing a
28.5° Diffraction Peak

In the scenario under consideration, a beam of X-rays with a wavelength of 149 pm is incident on a
metallic surface. The maximum diffraction angle observed is \(\theta_{max} = 28.5"\circ\). This
specific angle corresponds to the strongest (or a significant) diffraction peak, often associated with a
particular set of crystal planes.

Why is this significant? Because it allows us to determine the interplanar spacing \(d\) for the
corresponding set of planes in the crystal, offering insights into the crystal's structure and surface
orientation.

Applying Bragg’'s Law to Determine Interplanar Spacing

Given:

-\(\lambda = 149\, \text{pm}\),

- \(\theta = 28.5"\circ\),

-\(n\) (diffraction order), typically taken as 1 for the first-order diffraction (most common in initial
analyses).

Applying Bragg’s Law:
\[

d = \frac{n \lambda}{2 \sin \theta}
\]



Substituting the known values:

\[

d = \frac{1 \times 149\, \text{pm}}{2 \times \sin 28.5"™\circ}
\]

Calculating \(\sin 28.5"™\circ\):

\[

\sin 28.5"\circ \approx 0.477

\]

Thus,

\[

d =\frac{149} {2 \times 0.477} \approx \frac{149}{0.954} \approx 156.4\, \text{pm}

\]

Interpretation:

This interplanar spacing (\(\approx 156.4\, \text{pm}\)) corresponds to a specific set of crystal planes

within the metal. By comparing this value with known crystal structures, one can identify the plane
indices (hkl) that produce such a spacing.

Implications for the Metal's Crystal Structure

The interplanar spacing obtained provides a window into the metal's atomic arrangement. Metals
typically crystallize in face-centered cubic (FCC), body-centered cubic (BCC), or hexagonal close-
packed (HCP) structures, each with characteristic \(d\)-spacings for various planes.

Example:

- For FCC metals like copper, aluminum, or gold, typical planes such as (111), (200), or (220) have
well-documented interplanar distances.

- For BCC metals like iron or chromium, the (110) or (200) planes are often prominent.
Using standard data:

Suppose the metal is FCC; then, the (111) plane spacing \(d_{111}\) is given by:

\[

d {111} =\frac{a}{\sqrt{1"2 + 172 + 1"2}} = \frac{a}{\sqrt{3}}

\]

where \(a\) is the lattice parameter.



Matching the calculated \(d\) with known values allows identification of the specific planes involved,
which is crucial in surface analysis and materials characterization.

Practical Significance and Applications

Understanding the diffraction behavior at specific wavelengths and angles has wide-ranging
applications:

1. Surface Crystallography and Orientation

Determining the crystal planes involved in diffraction helps identify the surface orientation, which
influences mechanical, electrical, and chemical properties. For example, certain surface planes might
be more reactive or have better catalytic activity.

2. Material Identification

Matching the interplanar spacing with known lattice parameters can confirm the identity of the metal
or alloy. This is essential in quality control and materials verification.

3. Stress and Strain Analysis

Shifts in diffraction angles relative to standard values can indicate residual stresses or strains within
the material, informing manufacturing processes or service conditions.

4. Nanostructure and Thin Film Characterization

At picometer scales, diffraction data can reveal nanostructure features, grain sizes, and surface
imperfections critical for electronic or optical applications.

Factors Influencing Diffraction Angles

While the calculation above assumes ideal conditions, real-world factors can influence diffraction
measurements:

- Surface Roughness: Can cause diffuse scattering, reducing peak intensity.

- Surface Contamination or Oxide Layers: May alter effective surface properties and diffraction
patterns.

- Temperature: Thermal vibrations can broaden diffraction peaks.

- Instrumental Resolution: Limits in detector precision can affect the accuracy of angle measurements.



Conclusion: Unlocking Material Insights with X-ray
Diffraction

The case of 149 pm X-ray incident on a metal surface producing a maximum diffraction angle of 28.5°
exemplifies the profound capability of X-ray diffraction techniques to decode the atomic architecture
of materials. By applying fundamental principles such as Bragg’s Law, scientists and engineers can
derive interplanar spacings, identify crystal planes, and gather vital information about surface
orientation and structure.

This understanding not only advances fundamental science but also drives technological innovations
across electronics, catalysis, nanotechnology, and materials engineering. Precise control and
interpretation of diffraction phenomena enable the design of better materials and the development of
novel applications that rely on atomic-level insights.

In essence, the interplay between a specific wavelength and diffraction angle serves as a powerful
tool—a microscopic ruler—that measures the unseen, yet critically important, atomic landscape of
metals and crystalline substances.
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