Name: 7 S SID: ! RN Course : CHEM 481

E-mail : ~ “‘_'_“""‘_"‘_ 2| Cellls" ‘o—+ | Instructor : Dr. Upali
Title: POWDER X-RAY DIFFRACTION (PXRD)

Purpose

The primary aim of this laboratory assignment is to gain further background in
the theory and applications of x-ray crystallography by performing powder x-ray
diffraction on rock salt NaCl.

Introduction

X-ray crystallography is a technique based on the diffraction of x-rays passing
through crystal structures. X-rays, which have a proper wavelength in the
Angstrom range (~107° m), are scattered into a diffraction pattern by the
electron cloud of molecules or atoms within the crystal sample under analysis.
Once a diffraction pattern is obtained from the scattering of x-rays off a crystal,
one can extrapolate the electron density and atomic geometry of the sample. A
model is constructed using the data and experimental electron density and then
refined to obtain an accurate molecular structure.

Miller indices are often used in x-ray crystallography to indicate the location of
planes along crystallographic axes and within unit cell dimensions. A generic
Miller index is denoted by (hk/). Miller indices are found by determining the
intercepts of the face along the crystallographic axes in unit cell dimensions,
taking their reciprocals, clearing fractions, and reducing the final result to lowest
terms to obtain the (Ak/) values. The A value is the reciprocal of the x-intercept,
k value is the reciprocal of the y-intercept, and the /value is the reciprocal of the
z-intercept. When a plane is parallel to an axis, its intercept is at infinity and its
Miller index is zero. Some planes have negative intercepts in which the negative
number is denoted by a bar above the number. If a Miller index is zero, the
plane is parallel to that axis. Furthermore, a smaller Miller index indicates that
the plane is parallel to the axis. On the other hand, a larger Miller index is the
result of a nearly perpendicular plane to the axis.

Diffraction is the interference between waves that occurs as a result of an object
in their path (Shriver, 169). In x-ray crystallography, the diffraction of x-rays
through the closely spaced lattice of atoms or ions in a crystalline sample is
based on Bragg’s law. The equation of Bragg’s Law is the following:
nl = 2dsin@, where d is the distance between atomic layers in a crystal, [ is
the wavelength of the incident x-ray beam source (O Cu ~ 1.5 A), and nis an
integer with a value that is often 1. Bragg’s law is often used to describe the
interference pattern of x-rays scattered by crystals and can indicate the angle at
which constructive interference occurs between waves of wavelength [J. The
intensity of x-ray diffraction depends on the details of the crystal structure and
the identities of the atoms present in the closely spaced lattice. Heavier atoms in
the sample tend to diffract incident x-rays at higher intensities. Therefore, the



measurements of diffraction angles and intensities enable one to ultimately
derive the structure of the sample.

In X-ray crystallography, the two principal x-ray techniques are single-crystal
diffraction and powder diffraction. In single-crystal diffraction, the compounds
are studied in the form of a single crystal with dimensions of several micrometers
or larger. Many complicated inorganic and organometallic compounds such as
fullerenes and metalloporphyrins have been analyzed using the single-crystal
method. In single-crystal diffraction, the diffraction data is collected using a
laboratory-based four-circle or area detector diffractometer. The four-circle
diffractometer uses a scintillation detector, which measures the diffracted X-ray
beam intensity as a function of four angles (Shriver, 172). Since the diffraction
pattern is simply the Fourier transform of the electron density in the crystal, the
experimental diffraction data is then transformed back to the three-dimensional
array of atoms for structure determination. Although single-crystal diffraction
has been once thought to be a formally complex process involving the analysis of
thousands of reflections and corresponding intensities, the advancement of
technology and computational software has enable x-ray crystallographers to
obtain structure determination of small inorganic molecules with ease.

In the powder diffraction method, a crystalline material is analyzed for phase
identification and determination of lattice parameters and lattice type. When an
X-ray beam strikes a polycrystalline sample, the x-rays are scattered in all
possible directions. Then, each plane of atoms separated by different lattice
spacing in the crystal resulting in a cone of diffraction intensity. In each cone,
there is a set of closely spaced dots, which represents diffraction from a single
crystallite within the powder sample. A diffraction cone may be formed with very
large number of crystallites by joining all the dots. Powder X-ray diffraction data
is not entirely useful for analysis unless there is a way to determine the positions
of the various diffraction cones. Fortunately, a photographic film (Debye-
Scherrer method) or a detector sensitive to x-ray radiation can be used to make
sense of the diffraction cones using the data. In either case, the diffraction
angle, O, of the various diffraction cones is determined. A powder
diffractometer uses an x-ray detector to measure the positions of the diffracted
beams. The detector scans around the sample along the circumference of a
circle cutting through the diffraction cones at varying diffraction maxima while
the intensity of the x-rays detected is recorded as a function of the detector
angle. The effectiveness of powder X-ray diffraction has made it the major
technique for the characterization of polycrystalline, solid inorganic materials
(Shriver, 170). Furthermore, sample preparation for powder X-ray diffraction is
relatively easy and the test itself is often rapid and non-destructive. A plethora
of powder diffraction data sets collected from inorganic, organometallic, and
organic compounds over the past decades have been compiled into a database



by the Joint Committee on Powder Diffractien Standards (JCPDS). This database
contains several thousand unique powder X-ray diffraction patterns and serves
as a fingerprint library to identify an unknown materials based solely on its
powder pattern. Some applications of powder X-ray diffraction include the
following: identification of unknown materials, determination of sample purity,
determination of lattice parameters, determination of crystallite size,
determination of phase changes, and determination of structure refinement
(Shriver, 171). The emphasis of this lab activity will be on powder X-ray
diffraction.

Procedure

Rock salt or NaCl was grinded to a fine powdered sample for analysis using
powder X-ray diffraction. The diffraction pattern was obtained using a well-
defined procedure on how to operate the instrument (Appendix A). The sample
was scanned by the diffractometer at a set range of angles from 2-79 degrees.
Once the diffraction pattern of NaCl was obtained, the experimental diffraction
pattern was compared with similar compounds using the search/match program
(Appendix A). The last step was to determine the unit cell of the compound by
using treor auto indexing to select at least five peaks from the experimental
spectrum. The list of operations for auto indexing is also found in Appendix A.

Results

File: MaCl, ID: Rock salt
Date: 03/22/06 16:05 Step : 0.020° Cnt Time: 0.240 Sec.
Range: 2.00 - 79.00 (Deg) Scan Rate : 5.00 Deg/min.
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Figure 1: Powder X-ray Diffraction (PXRD) Pattern for NaCl
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Figure 2: X-ray Diffraction (XRD) Pattern of NaCl from CaRine Crystallography
Software
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Figure 3: Auto Indexing of Sample to Determine Unit Cell Parameters
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Figure 4: Search Match of NaCl Powder Patterns




Conclusion

A majority of the peaks in the diffraction pattern of NaCl taken by powder X-ray
diffraction did match with the previous diffraction pattern obtained from the
CaRine Crystallography software. Furthermore, the auto indexing of the
experimental data confirmed that NaCl has a cubic lattice system based on the
calculated unit cell parameters.



The following figures show experimental x-ray diffraction patterns of cubic SiC using X-
ray synchrotron radiation:
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9. A Debye-Scherrer powder diffraction experiment using incident copper Ka raditation

(A, of 1.5418 A) gave the following set of reflections expressed as 26: 38.40°; 44.50°;
64.85°; 77.90°; 81.85°; 98.40°; 111.20°.
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a) calculate the indices for each reaflection
b) Calculate the lattice constant, a.
c) Calculate the density of this element which has an atomic weight of 66.6 g/



