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ABSTRACT

The project gives one a method to easily understand the basic concepts by

| civing the input parameters and see how XRD pattern will appear through a

>

| MATLAB program of an element of a certain crystal type under certain conditions
| such as when given x-ray source and lattice parameter very efficiently. Saving one

¥ from lack of time and confusion and helping them to readily understand the results

of ones research with lesser errors.
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INTRODUCTION
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juces the idea of crystal structure and its classification and different types
Chapter 1 introduce | - .
les. Within this framework, concepts of crystallinity and non crystallinity are

with exampies g

on the classification of crystal structure that is hexagonal close

introduced. It mainly focusing
px‘k »d structure(hep) face ccmcrcd cubic structure(fee), h()dy centred cubic SU'UCturC(bcc)
ACKCC . ¢

simple cubic structure(sc). This chapter also includes basic information about the matlab

progr;my

1.0 Basic crystal structures

Crystal are 3-dimensional structures. A crystal is obtained by stacking different atomic planes
one over the other. Different methods of stacking give rise to different crystal structures.
Crystal structure are classified as close packed structure and loose packed structure. Close
packed structure be again classified as hexagonal close packed structure(hcp) and face

centered cubic structure(fcc). Loose packed structure be again divided as body centered cubic

structure(bec) and simple cubic structure(sc).

1.1 Closed packed structures

They are mostly found in monoatomic crystals having nondirectional bonding such as
metallic bonding. In order to describe close packed structures, define a parameter called
packing fraction. Packing fraction is defined as the ratio of volume actually occupied by the

atoms in the unit cell to the total volume of the unit cell. For close packed structures like hep

and fec, packing fraction is found to be 0.74.

1.2 Face centred cubic crystal structure
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ure found for many metals has a unit cell of cubic geometry, with atomg
tal struc

|
|

‘he CI'VS s " . s y farpa \ 2
iy h of the corners and the center of all the cube faces. Such cubic structure g |
T :

i
| Jocated at cac FCC). S
(N . dricture (KO ! ) Ny . - . '

, subic crystal structure . vome of th (¢ ¢ b anahs

: led as face centered cubic crystal st ( ) the metals having this crysta
| callea ds *¢ A g . ; |
| are copper, silver, aluminum and gold. Each corner atom in the FCC crystal |
| structure < X < & |
_’ re is shared by eight-unit cells, as opposed to just two for a face centered atom. As a |
| structure 15 ST Y '
|

| ult. each of the eight corner atoms is made up of one-eighth and each of the six face atoms |
j reSUll, &< [
[ ;s made up of one-half. A unit cell may contain up to four whole atoms. Two other factors of |

L ] oS . : L
¥l .rystal structure are the coordination number and atomic packing factor (APF).

8 For FCC, the coordination number is 12. And the atomic packing factor is (.74,

1.3 Hexagonal close packed crystal structure

3
|
i
f
é
i
|

¥
1
i

£ | The name corresponding to the shape of the conventional unit cell which is hexagonal. Such

crystal structure is called as hexagonal close packed crystal structure. In HCP, the equivalent

4 of six atoms is contained in each unit cell; one-sixth of each of the 12 top and bottom face

_, [ corner atoms, one-half of each of the 2 center face atoms, and all 3 midplane interior atoms.

' ! For HCP, the coordination number is 12 and atomic packing factor is 0.74.

|
| 1.4 Loose packed structures
1‘ Loose packed structure is that in which the coordinate number of an atom is less than 12 and

‘\ its packing fraction is below 0.74. Two common loose packed structures are simple cubic
|
|

(SC) and body centered cubic structure (BCC).
Vi
N |

|

|

i




l 1.5 Simple cubic structure

Lattice ponts Lattice points

8 corners
Simple cubic lattice cell

OB The conventional unit cell is primitive with a basis of one atom.

Atomic packing factor= 52%
Coordination number= 6

Number of atoms per unit cell= 1

1.6 Body centered cubic structure

Body-centered cubic structure

A BCC unit cell has atoms at each corner of the cube and an atom at the centre of the
structure. Examples of BCC metals are sodium, potassium, Lithium, chromium. For BCC,

coordination number is 8 and atomic packing factor is 68%.

I 2.0 Crystal and their structures

| Some characteristics of crystalline solids are influenced by the arrangement of atoms, ions,

lland molecules in the materials crystal structure. There are countless distinct crystal

formations, all of which have long-range atomic order, which ranges from comparatively

| simple structures for metals to incredibly complex. Several of the ceramic and polymeric

| materials exhibit complex ones. Atoms (or ions) are seen as solid spheres with well- defined

J diameters when describing crystalline structures. It is named as atomic hard-sphere Solid is |
Jl one of the states of matter. In solids, the atoms are attached to each other with strong forces

| of attracton. Solid have definite size, shape, and the occupy a definite volume. They cag be




R R

il broadly classified into cryst iline and non-crystalline solids depending on the arrangement of

: g in them. \
atoms 1
l
|

2.1 Crystalline solid

|
|
|

. _naracterized by regular ¢ sriodic arrs X
It is character! zed by regular and periodic arrangement of atoms. They have long range order. |

slting poi ‘rvatals are ang )
[t has sharp melting point. Crystals are anisotropic, The physical properties are different in |

|

different directions.

Examples: diamond, quartz.

2.2 Non-crystalline solid

It has completely random arrangement of atoms. It exhibits short- range order. Amorphous
solids do not sharp melting point. They are isotropic

Examples: glass, graphite, rubber, plastic.

3.0 X-RAY DIFFRACTION

3.1 PROPERTIES AND GENERATION OF X-RAYS

Copper bar Glass envelope Electron stream

// Filament
— e
L : A
Anode Cathode
Tungsten Focusing cup
target Useful x-rays “-Window

Typical X-ray tube operation

Heated filament Electrons are accelerated
emits electrons by by high voltage

thermionic emission anode

x-rays produced when

? high speed electrons
; % hit the metal target




: y form of electromagnetic radiation with wavelengths ranging from 0.01 to
[ X .rays are :

!

C PR S

meters. 10 the setting of diagnostic radiology, X-rays have long enjoyed use in the
10 nano

aging © of body
]

ays occurs when electrons are accelerated under a potential difference and

g tissues and aid in the diagnosis of disease. Simply understood, the
i

generé ation of X1
yurned into electromagnetic radiation.An X-ray tube, with its respective components placed in
I 1

9
3

[ 4 vacuum, and a generator, make up the basic components of X-ray production. Essential
] components of an X-ray tube include a cathode, and an anode separated a short distance
Bl . cach other, a vacuum enclosure, and high voltage cables forming the X-ray generator
attached to the cathode and anode components. In the generation of X-ray production, a

cathode filament machined in a cathode cup is activated, causing intense heating of the

| cathode filament.The heating of the filament leads to the release of electrons in a process

»

11
31
§ called thermionic emission. The released electrons form in an electron cloud at the filament
|

¥ suface, and repulsion forces prevent the ejection of electrons from this negatively charged
cloud. Upon application of a high voltage by an X-ray generator to the cathode as well as the
| , anode, there is an acceleration of electrons ejected to an electrically positive anode. The

: jl flament and the focusing cup determine this path of acceleration. The number of

| electrons is measured in the form of milliampere (mA) units, where 1 milliampere is equal to

6.24 x 1015 electrons/s. Electron kinetic energy (measured in keV) is related to the applied

J voltage. The tube voltage, tube current, and exposure duration (measured in seconds) are

| adjustable by the user. ‘

| |
|

[

| |

|

| Once the high kinetic energy electrons finally reach the anode target, this initiates the process

| of X-ray production. Tungsten is often the usual anode target, although other material targets

are also employed. Electrons come extremely close to the nucleus of the target, causing a |
deceleratlon and change in direction, converting the kinetic energy to electromagnetic |

radlatlon in a process known as “breaking radiation” or bremsstrahlung. The output is a

i spectrum of X-ray energies. Incident electrons can also result in ionization, whereby the

|

‘ approaching electron can remove a second electron belonging to an atom of the anode target, | }
losmg its energy through ionization or excitation. This process leads to an emission of a \
photon as the electron orbit vacancy gets filled by an orbital shell electron from a further out

\ shell Considering orbital energies and their differences are unique in atoms, this leads to a |

| “characteristic X-ray” with energies that can serve as a fingerprint unique to each anode | |
i larget. Bremsstrahlung X-rays, however, constitute the majority of X-rays produced in this |
‘i process, |
|

S 7 g e e N




Before understanding the final production of an X-ray image, it is essential 1o understand the
- eraction of X-rays with individuals exposed to X-rays. There are three Important types of
-teractions that oceur between X-rays and the tissues of our body. The “classical® i
«coherent” interaction occurs when an X-ray strikes an orbital electron and subsequently
hounces off and changes direction. These X-rays are low energy and do not cause 1onization
and only add a small dose amount to a patient. In “Compton” scattering, X-rays of higher

energy strike an outer shell electron and are strong enough to remove it from the shell
causing ionization of an atom. This phenomenon contributes to dose and also contributes to
|
,‘ s
il clectron, removing it from the shell and causing a downward cascade of outer shell electrons

|
|
|

scaner. Photoelectric interactions occur when an Incoming X-ray strikes an inner shell
l

|

|

filling inner orbit vacancies, further releasing secondary X-rays. This type of interaction

| contributes to image contrast. Finally, the differential absorption of X-rays within the tissues
of the body subsequently contributes to the production of the final image. Attenuation of X-

| rays ultimately depends on the effective atomic number in tissue, X-ray beam energy. and
| tissue density.

| Image detectors come in the form of digital and analog film detectors. One limitation of
analog systems is the limited range of exposure intensities that it can accurately detect; this
“ lends itself to multiple images taken for an adequate and interpretable study, and therefore |
| subsequently leads to increased radiation exposure to a patient. Digital systems allow a user

to fix contrast and brightness and provide greater post image processing options.

3.2 WHAT IS X-RAY POWDER DIFFRACTION (XRD)

|

!

; ; ST |

An analytical method known as x-ray powder diffraction (XRD) is quick and is primarily \
‘used to determine  the phase of crystalline materials. It can also reveal information about |

gy ; |
| unit cell dimensions. The material under analysis is finely powdered, homogenized, and the |

bulk composition is calculated on average.
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NT > IPLES OF X-RAY POWDE i T
1 ! & FUNDAMEN TAL PRINCIPLI / WDER I)lFFRAL”()N(XI@

1912, Max von Laue made the discovery that crystalline materials behave for X—ray
In g ‘

ths like the spacing of planes in a crystal lattice, acting as three-dimensiona] |

waveleng

1 1 jiffraction gratings. Today, the study of crystal structures and atomic spacing is frequently |
N C ¢ - b

conducted using X-ray diffraction.

|

B x-ray diffraction is based on constructive interference of monochromatic X-rays and a |
' crystalline sample. These X-rays are generated by a cathode ray tube, filtered to produce
: monochromatic radiation, collimated to concentrate, and directed toward the sample. The
interaction of the incident rays with the sample produces constructive interference (and a
diffracted ray) when conditions satisfy Bragg's Law (0A=2d sin 0). This law relates the
wavelength of electromagnetic radiation to the diffraction angle and the lattice spacing in a
crystalline sample. These diffracted X-rays are then detected, processed and counted. By
scanning the sample through a range of 2Bangles, all possible diffraction directions of the

lattice should be attained due to the random orientation of the powdered material.

3.4 XRD INSTRUMENTATION-HOW IT WORKS?

X-ray diffractometers consist of three basic elements: an X-ray tube, a sample holder, and an

X-ray detector.

X-rays are generated in a cathode ray tube by heating a filament to produce electrons,
: i target
| aCcelerating the electrons toward a target by applying a voltage, and bombarding the targ

i i inner shell
‘Material with electrons. When electrons have sufficient energy to dislodge inne




{ material, characteristic X-ray spectra are produced,
" the targe ¢ al.
N | . jcctrons of the lar
N | ClC
. { of sev eral comp

. has a slightly shorter way clength and twice the intensity as K
K e

These spectra

onents. the most common being K, and Kg. K, consists. in part, of

mINET

.“”\1\

md f\(
hs are chari acteristic of the target material (Cu, Fe, Mo, Cr). F iltering, by foils or
1oths

«2- The specific
Kal

wan eleng

snochromators, is required 1o produce monochromatic X-rays needed for
me

;:‘\1::1]“011 K and Kq2 are sufficiently close in wavelength such that a weighted average of
the tWo 18 used. Copper is the most common target material for single-crystal diffraction, with
CuK, radiation = 1.5418A. These X-rays are collimated and directed onto the sample. As the
sample and detector are rotated, the intensity of the reflected.
X-rays is recorded. When the geometry of the incident X-rays impinging the sample satisfies
the Bragg Equation, constructive interference occurs and a peak in intensity occurs. A
detector records and processes this X-ray signal and converts the signal to a count rate which
i | is then output to a device such as a printer or computer monitor. The geometry of an X-ray

= 1

B | diffractometer is such that the sample rotates in the path of the collimated X-ray beam at an

angle 0 while the X-ray detector is mounted on an arm to collect the diffracted X-rays and

| rotates at an angle of 26. The instrument used to maintain the angle and rotate the sample is

termed a goniometer. For typical powder patterns, data is collected at 20 from ~5°to 70°
|
J 4.0 MATLAB

{ 4.1 What is MATLAB?

b

angles that are pre-set in the X-ray scan.

Mathematlcal software with programming, graphical, and numerical capabilities is called |

| MATLAB. It has both procedural and object-oriented programming constructs, as well as an |

| mtegrated development environment.
| ;
4.2. How to access MATLAB? 1
After login in, one can typically use the system command MATLAB to access MATLAB | i
Il and the command quit or exit to leave MATLAB. Your local installation, however, might let |

J YOu access MATLAB through a menu or by clicking an icon.

|
|
|
|

|| #3 Statements, Expressions and Variables |
| When you type an expression into MATLAB, it is interpreted and evaluated. Most
| MATLAB Expressions take the form .

L Vaniable=expression or simply expression




wor. functions and variables names make up expression. T'he matrix created by
ieallyv operatod. 1 ’

, (pressions evaluation 1s displayed on the screen and allocated 1o the v
the CAPI

ariable to use later,

| \wirh a carriage return, a statement is finished. However a statement can be confused to the
| With a carmiag

line with three or more periods followed by a carriage return, However if they are
| next nie

j sarated by colons or semicolons, multiple Statements can be positioned on a single

| scpale :

1] line. MATLAB is case sensitive in the names of commands. functions
line.

|

|
|

and variables,

I
|
4.4 Saving a Session !

| All variables when one logs out or quits the program. However all variables are written to a |
‘ 1

:, eskfile name matlab.mat which is non-human readable such that the command load will |
! 1'

restore to its original statement when one reenters MATLAB.

4.5 MATLAB Building Functions

| Convenient matric building functions are
1) eye - identity matrix
2) zeroes — matrix of zeroes
3) ones- matrix of ones
4) diag- create or extract diagonals
5) triu-upper triangular part of matrix
6) tril- lower triangular part of matrix
7) rand- randomly generated matrix
8) hilb- Hilbert matrix

9) magic- magic square

4.6 For, while, if- and relations

In their basic forms ,MATLAB flow control statements operate like those in most computer
Languages

4.7 For

The for statement permits any matrix to be used except 1:n. The variable consecutively just

| 4sumes the value of each column of the matrix.




4.8 while
Ihe ucncml form ol

while relation

4 whole loop 18

ctatement

end

For as long as the relation is true, the sentence will be repeatedly executed.

4.9 1If

The general form 1S

il if relation

§ 5.0 Relations

1 The relation operators in MATLAB are
Il 1)>-greater than

§l 2)<-less than

| 3)>=-greater than or equal to

4)<=-less than or equal to

| 5)==-equal

6)~=-not equal

'

5.1 Scalar Functions
| Some MATLAB functions primarily operate on scalars but behave elementally when applied

10 a matrix.

152 Vector funetions

MATLAB functions operate essentially on a vector but act on an mxn matrix (m>=2) in a
r applications

‘ column by column fashion to produce a row vector containing the result of thei

| to each column.




10NN
N Junc
;l \‘»”l

: powWer comes from its matrix functions
‘\.\1\']\”"'\\\
\’n‘\ 14

| e | ||i|il|‘: and Reeall
1 £4( ()l“l":ln\l h"l i
'

1 amand line in MATLAB can be easily edited.
\J Ihe ol i )

l'he cursor can be positioned with
| 3 . ace \ \'(ll()(“l‘ s phan
| \oft/right arrows and the backpace key use lelete the char

i
i
J

acter o the left of the cursor.,

il < 5 Submatrices and Colon Notation
\chrs and submatices are often used in MATLAB to achieve fairly complex data
; m;,mpul;uion effects. Colon notation which is usually used to generate Vectors and
| subscription by integral Vectors are key to efficient manipulation to these objects.

3

5.6 M-files

MATLAB can execute sequence of statements stored in diskfiles. Such files are called M-

Files because they must have the file type *“.m” as the last part of there filename. |
._ There are two types of M-Files
1)Script files

2)Functions files

5.7 Script Files

A script file consists of a sequence of normal MATLAB statements. Script files maybe used

lo enter data into a large matrix in such a file entry errors can be easily corrected.

5.8 Function Files

Function file provide extensibility to MATLAB. You can create new function specifics to

your problems which will then have the same status as other MATLAB functions.

5.9 Graphics

MATLAB can produce planar plots of curves,3D mesh surface plots and 3D faceted surface
Plots. The primary commands for these facilities are plot,plot3,mesh and surf respectively.
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THE( ; ”“.'.'_:“.‘i(,": the Structure Factor Equation
y 0
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s of Ewald sphere and reciprocal lattice or Bragg's law predict when diffraction
[he ¢t " : : ; g ‘ »
1] occur but oive no indication of the intensity of a given diffraction event,
Wl OCct i A 3
o start With the scattering formula as seen earlier:
[ WG ot

f \S‘ - Z fne’ RIS

n

1

3 f
1

E 8|

Bl 1/ describe the position, r, of atoms by the use of fractional coordinates (x, y, z) of the repeat

1

I
;

|
l nits a. b, cof the crystal, i.e. g
;

r=xat yb+2c

and substituting this gives: ‘

£s) = I eI SEatb el i n el S anasb S c

n n

| But we know that for a large number, N, of repeats the 3 von Laue conditions will apply. So
| writing these (S.a = h, S.b = &, S.c = /) into the above equation gives:

F(S) = M [neznl(hxbkyi-lz)

n

This effectively is the final answer required except to note that sometimes the summation is
written in the form:

F(S) = ZZanezm(hxlrkyflz)

Xyz
 thus recognising that to sum over all space (x, y, z) within a unit cell is equivalent in |

| diffraction terms to summing over all atoms (r) within the unit cell.
| 1f Bragg's equation is the most well-known equation, then the structure factor equation must |

be the second most well-known. As much of crystallography is involved with determining |

l atomic structure from the intensity of diffraction spots/peaks, then this equation acts as the |

| basic computational link between the two.
[
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he [ntensity of Diffraction Using the Structure Factor Equati
‘ L(Juation

-lh‘lll“'i"g ;

ve take the example of NaCl for understanding the calculations:
yst we e

Fi
, chloride (NaCl) is a tace centred cubig Structure (below figure) with a unit cell 4
ce

S(W\ﬁun
ing of 5.638 A and fractional coordinates for the 4 N - "
gpacing ¢ aand 4 Cl ions as follows:

0, Y2, ¥ 72,0, Y5 Y Va0
) 0.0, % ZR7R7

Na 0.0.0:
Cl ]:. 0,0

d=5.638 A

\We start with the fundamental structure factor equation:

F(S) = z fi e2mi (hx + ky + 12)
n
This complex form is used to represent the fact that the diffracted wave has an amplitude and

a phase. The equation is really a notational way of saying there are two parts: a sine part and

a cosine part,
F(S) = 3 fn cos {2n (hx + ky +12)} + 1 ¥ fr sin (2n (hx + ky + 12)} (in radians)

n n

F(S) = ¥ £, cos (360 (hx + ky + I2)} + | . fi 5in {360 (hx + ky + [2)} (in degrees),

n n




justrated in the following diagrap,.
> | SuL¢ .

~

P i'
- h"h al

The amplitude is represented as the radius of the circle and the phase as the angle made to a
reference direction (horizontal). In general we calculate the cosine and sine parts separately

A and then combine them using Pythagoras' theorem to get the final amplitude.

| Clculation for (111) miller indices

) :(1 ) Using CrystaHOgraphy and Bragg's L
B8 Ve need to calculate the d spacing of the reflection involved. The formula for d for cubic

a crystals is:
k|
: dng=a/ V(2 + k% +2)

[For hkl=111we have
d117=5.638/v(12+12+12)=5638/V3 = 3.255A

From Bragg’s law

L\ = 2d sinB

D0

) -1
SinB/A=1/2d=1 /(2:3.255)=0.154A




_ BRSO - T——

tomic scattering

\h‘)l d l'l(,‘
ng out ¥ ; h”\”"“(' will

"

(2) Workis

(8 I” l ( ”h[;””('(' ’ “”' '}
) I | [0

. Tables. They vary with sing / Internationg

A for re;
Casons ¢
15 that were explained eyl
v l('[ ”;‘1
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¢ I/)/(‘\ we pe
: get the fo

llowing f valyes (in

-oJectrons) in the range 0.0 to 0.2:

o) working out the cosine part of Fy,

we will perform this part in degrees and the next in radians, so that you can see h
. . ) see how to
calculate the values by either convention. The cosine part for F has 8 terms corresponding t
O

the 8 atoms involved. Inserting the appropriate fvalues, coordinates and 4kI = 111 gives:

¥ fy cos{360 (hx + ky #12)} = B.98cos (360 (1x0+1x0+1x0))

n
+898 05 {360(1x0+1x1/2+1x1/2))
+898cos{360(1x1/2+1x0+1x1/2)}
+8.98 cos (360(1x1/2+1x1/2+1x0}}
+13.97 cos {360 (1% 1/2+1x0+1x0)}
+13.97cos{360(1x0+1x 172+ 1x0)}
+1397cos {360 (1x0+1x0+1 x1/2))
+13.07 cos {360 (1x1/24 1x1/2+1 x 1/2)}

= 898 coso+8,98cos360+8.98cos 360 + 8.98 cos 360
+13.97 cos 180 + 13.97 cos 180 + 13.97 cos 180 + 13.97 cos 540

= B98+898+898¢ §.98-1397-1397~- 1397-1397
= -19.96




¢ part ol |

1}

13.98 SIN(2n (1 % 1/2 41 X0+ 1x0l

A s this part 1 radians, A o
l ner]o | Eam lllx(l‘”\&« ”“ aAnpron _
1 We W propriate valies gives
n " 1 » s 1 "
5

4 i R “‘ill«’;h“.]_‘ 5

‘ 241 i
‘ l‘ +B898sn{2n (1 x 2+1%04

|

1

1397 sin(2n(1 %0+ 1 x 1/2 + 1 = 0))
13.97 sin (2n(1 >0+ 1 %0+ 1 x1/2 )‘

1397 sin {2n (1% 1/2 + 1 x /241 %1/2)

8.98 sin 0 + 8.98 sin 21 + 8,98 sin 21 +
+ 1397smn+13,97sinn*\39/'*.

= 0+4040+40+0+0+0+0

= 0

+

)
8.98 sin 2n

N +1397 sin 3n

o) Combining the cosine and sine parts of Fyy,

Mathematically we would present this as a complex number result:

i c 18096 + ¢ x

But non-mathematical students might find it easier to visualise the previous figure showing a

right angled triangle with Fr on the hypotenuse,

SO

Frut? = {cosine part) + {sine part}?
Fri? = (- 19.96)% + 02 = 398

There will be no need to take the square root of Fhklz
(6) The intensity /111
Since the diffraction experiment measures the squares of the amplitudes (but not phase

information) assuming we have kinematic diffraction, then a very crude value for the peak

intensity, which makes no allowance for any correction factors, might simply be given as:

Iyy1 = Fiii® = 398 units
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] | ‘
, Factor (o measured intensities ﬁ

From Syruciurt

| for an ideal Crysiy we can take the above equation, But in reality the actual
- ' At EXperimey
Warlly

' ysured intensity will be yet difterent again since
| measured 1nt .

anumber of additional Cxperimental
el

|
|
|
5
| efects need 1O be taken imto account, the main ones being: l
I
l

{

H

) multiphcity, /

B the polarisation factor, P ‘
3) the Lorentz factor, / |
4) X-ray absorption, 4 1

i
5) [emperature |

» first four are often referred to as "corrections" |
The crred to as “corrections". It is true that the fifth factor, “mpuature

also refers ultimately to the experimental conditions but the effect of temperat
ature s so |

intimately tied into the structure that we think of it rather in those terms.

We can write down a very simple equation to accommodate the first four factors:
: 2
Joia = cJPLA Fry

in which ¢ can be considered to contain all the remaining factors.

‘Ml From this we can calculate predicted intensities from a known structure.

PROGRAM
# xrd-simulate

MATLAB Code to Simulate XRD Patterns

## Getting Started

This collection of MATLAB scripts is designed to simulate relative-intensity XRD patterns
using the basic theory of x-ray interaction with atoms in a bulk material. The calculations are
based off c;f information that can be found in Structure of Materials: An Introduction to

| Crystallography, Diffraction, and Symmetry by Marc De Gaef and Michael E. McHenry.

|1f the user is unfamiliar with the basics mathematics behind XRD, a brief background math

Esecﬁon is provided below. If the user is unfamiliar with crystallography the McHenry text of

2nother basic text s strongly suggested. AT
Dasic text is strongly suggested.



i Insl.’l”in_

s XRD Intensity Simulation.m** controls the entirity

of the si
rhe script * the simul

ation, T

i the program SImPpLy this seript with the following functions and files in the Same
begl! g 0
directory:
- dialogue.m

- dspace.m

_theta s _calc.m

- scatterfactor.m
_ scatterfactorcalc.m

- Scatteringdata.xlsx

- structurefactor.m

A S it P

- intensitycalc.m
- lorentz.m

- compareintensity.m

## Simulating XRD Patterns
In its current form, this script is designed to simulate a crystalline substance's XRD pattern
B the user-defined parameters:

1. Type of X-Ray source (Cu, Co, Mo, Cr, Fe)

2. Crystal Structure (BCC, FCC, SC, CsCl, HCP, Diamond)

| 3. Elemental Components

| 4. Lattice Spacing

| The curvature of the XRD peaks plotted are provided for visualization's sake and do not
| represent expected FWHM. Modifying the compareintensity.m code can easily configure the
| plotting characteristics. Likewise, mixtures of components can be achieved by using rule of
| mixtures for the atomic scattering factors of various components - though caution should be
taken at the validity of the results.

| #i# Input

nent.
N° Parameters need to be pre-defined unless the user requires a rule of mixtures compo

nd
In this case, the user should edit Scatteringdata.xlsx and add the desired component to the €
L of the sheet'




am nse ”“~ hu”“\\»‘,,.: AT (" ‘@ \

ro opet e the prog!

jo OptT
| NRD Intensity Simulation.m
| 1. Run

[ . celect X-Ray source
o |

'  ere="hups pnhnl\ com/eameronmeelfresh/images blob/master
’ Jmp S xtd | 1P

i . -
| width 200

f
4

2 Select a crystal type

| _img sre="https:/github.com/cameronmeelfresh/images/blob/master/xrd 2.IPG"

| width="200"> |

| 4. Select atom type

| amg sre="https://github.com/cameronmcelfresh/images/blob/master/xrd 3.JPG”

“fidlh:"zoo">

3. Enter the lattice parameter (angstroms)
<img src="https://github.com/cameronmcelfresh/images/blob/master/xrd_4.JPG"

| width="200">

###4# Output
Following the input of the above information (Source: Cu K Alpha, Crystal: BCC, Atom: W,

Lattice Parameter: 3.165), the program will output:

g <img src="https://github.com/cameronmcelfresh/images/blob/master/xrd_out!.JPG"
A width="300">

i

<img 81"""hﬂp!‘//gltllub com/cameronmecelfresh/images/blob/master/xrd_out2.JPG"
idth="350">




mu\-gcm‘li‘“‘] XRD spectrum Imm'»nr\l\il‘- (-‘l— 1 i\ pec is shown below, |
T alysis of ¢ specimen 1s shown b

clow 1

{

- 1M
nerimen
expcl 1

AN

https: github.com cameronmeellresh/images/blob/master/xrd compare.JP(
are. JPG

<img ST¢

width "350

.- Background math

il <img sre="https: github.com/cameronmcelfresh/images/blob/master/xrd readmel . JPG"
ster/s : JPG

"750">

Bl . idh

<img src="https://github.com/cameronmcelfresh/images/blob/master/xrd_readme2.JPG"

| width="750">

dialogue.m

function [crystaltype.hklvec,Jambda,atoms,lattice spacing] = dialogue()
o, DIALOGUE Function to communicate with the user to gather values

o, The dialogue function will capture all of the required user input such
0, as crystal structure type, types of atoms present, and lattice

% parameter(s)

9,% Extract X-Ray Source data

%Define x-ray sources

xraytypes = {'Cu K alpha','Co K alpha', 'Mo K alpha', 'Cr K alpha', 'Fe K alpha'};

xray_index = listdlg('ListString’, xraytypes, 'SelectionMode', 'single’, ...
'PromptString’, 'Select a X-Ray Source',...

'Name', 'X-Ray Souce');

switch xray index %In Angstroms
case 1
lambda=1.54;
case 2
| lambda=1.79;
case 3

.. bda=0.71;

R




case 4

1 ~ 70"
1.1mhd;1 2:2.9:

case 2

Jambda 1.94;

: end
1 1

|

: }}
|
B o, Dcfine crystal types

0,(,“ , Extract crystal type data

l
Yl crystalty pes={'BCC'/FCC",'Rock Salt','Simple Cubic',... ‘l
Bl (CI/BCC Diatomic A(0,0,0) B(0,0.5,0)',... «

'Diamond','Hexagonal Close Packed'};

o,Prompt user to select the crystal type
crystaltype = listdlg('ListString', crystaltypes, 'SelectionMode', 'single’. ...
'PromptString’, 'Select a crystal Type',...

Name', 'Crystal Type'");

| switch crystaltype
| case 1 %BCC
hklvec={[1,1,0],[2,0,0],[2,1,1],[2,2,0],[3,1,0],[2,2,2]};
case 2 %FCC
hklvec={[1,1,1],[2,0,0],[2,2,01,[3,1,1],[2,2,2],[4,0,0]};
case 3 %Rock Salt aka Diatomic FCC
hklvec={[1,1,1],[2,0,0],[2,2,0],[3,1,11,[2,2,2],[4,0,0]} ;
case 4 %Simple Cubic
hklvec={[1,0,0],[1,1,0],[1,1,1],[2,0,0],[2,1,0],[2,1,1]};
- case 5 %Diatomic BCC aka CsCl
; hklvec={[1,0,0],[1,1,0],[1,1,1],[2,0,0],[2,1,0],[2,1,1]};
| case 6 %Diamond
hklvee={[1,1,1,[2,2,01,[3,1,11,(4,0,01,[3,3,1],[4,2.2]};

case 7 %Hexagonal

hklvec={[1,0,()],[0’0,2]’[1 ,0,11,[1,0,21,(1,1,01,(1,0,31};

end
3 ‘\



(_

v name data
0400 | \(rac

l elemel

ata m”mlhi.ll.l('\'c.llh‘lmg'd.n;l x1sx');

elementt
clementdata textdata:

vlcnu‘““
|

8¢

 qioms <[ I:

i crystaltype == 1 [l €1 staltype == 2 [| crystaltype == 4 || crystaltype ==6 || crystaltype

A AL, S R

: atom_index = listdlg(‘ListString', elements, 'SelectionMode', 'single’,...
'PromptString’, 'Select atom type',...
Name', 'Elements'):

atoms = (elements(atom_index));

end

if crystaltype == 3 || crystaltype == 5

i atom_index = [];

[~sizeVal] = size(atom_index);

%Continue selection until 2 atom types are selected

while sizeVal ~= 2

atom_index = listdlg('ListString', elements, 'SelectionMode', 'multiple’,...

'PromptString', 'Select the two atom types',...
‘Name', 'Elements');

[~sizeVal] = size(atom_index);

end

< om_index(l)); elements(atom_index)l: ______

7



il ond

1eVe 5 ]il“ik\‘ S N‘C].n .
9,% Retrieve the | 2

|

!

hmﬂ. gp;lcmg
| <

[1:
if crystaltype

a = nan:

¢ = nan:

while not(not(isnan(str2double(a))) && not(isnan(sterouble(c))))

. 2= U5 non Q
inputs = {'Enter the "a" lattice parameter (Angstroms)','Enter the "c" lattice parameter

(Angstroms)'}:

spacing_vals = inputdlg(inputs, 'Lattice Spacing’,[1 45], {'0.00','0.00'})

a = spacing_vals{1};

2

¢ = spacing_vals{2};

end

lattice_spacing = [str2double(a);str2double(c)];

|

It

else

| a=nan;

|
|

while isnan(str2double(a))
a= inputdlg(‘Enter the lattice parameter (Angstroms)', ‘Lattice Spacing’,1,{'0.00'});

end

lattice_spacing = [str2double(a)];



| gspace

il .o [ dspacing ] d\l“‘\‘k‘(hl\l\"\‘-V'.\\lilllvpp |

attice spacing)
ol an IF'C¢ or BC(C cryst

I values. Input is piven as

ol o/ This function calculates the dspacing
1 70 . ”l ,'lvcn
05the Jattice parame ter and hk

%dsp;.gc(l;uliccp;lrmm‘lcr.lhl\.I). Units in Angstroms

]

il dspacing=zeros(1.6);

] if crystaltype==7
lattice_parametera=lattice_spacing(1);

Jattice _parameterc=lattice_spacing(2);

for 1=1:6
dspacing(i)=...
((4/3)*((hklvec{i}(1)"2 + hklvec{i}(1)*hklvec{i}(2) +
| hklvec{i}(2)"2)/lattice_parametera”2)+...
| hklvec{i}(3)"2/lattice _parameterc”2)*-0.5;

end

| else

lattice_parameter=lattice_spacing;
for i=1:6

dspacing(i)=(lattice _parameter/(sqrt((hklvec{i}(l)"2)+(hk1vec{i}(2)"2)+(hklvec{i}(3)"2))));

end

end

l end

theta s cale.m
| function [ thetavec, svalvec ] = theta_s_calc(lambda,dspacing)

function recieves a lambda and d spacing and returns a theta of




asind(lambda/(2*dspacing(i)));

1hem\'ec(i) 5

1| S\'a]\'eC(i):(UQ*dSpacmg(i)));

end

end

scatterfactor.m

function [scatterfactors] = scatterfactor(svec, crystaltype, atoms)
o, This function calculates the scattering factor of individual atoms in hkl

ogplanes based on their respective Z,a, and b values. The output of this

o;fucntion is a matrix organized row-wise for s-values (input argument) and

“ 95column-wise by atom entered.

o;Return a cell array that holds the atom title, atomic number, and then

%scattering parameters. The output is organizaed as;

% {'Abbreviation',Z,al,bl ,a2,b2,a3,b3,a4,b4}

if crystaltype == 1 || crystaltype == 2 || crystaltype == 4 || crystaltyp
numatoms=1;

| end

1f Crystaltype == 3 | crystaltype == 5
Numatoms=2;
{ end

_ atterdata=;
da l°t‘cl('Scatteringdata.xlsx'); L —

e ==06|| crystaltype==7



EERUEIPR P B

I‘\\\

o stremp scatterdata.textdata(row )aloms(i))-«

\\}‘.1I
roW row+ R
(]‘.«i

(.2 =scatterdata.data(row, 1);
atoms{i:2} scatterdata.data(row, 1);

atoms{1:3} =scatterdata.data(row,2);

atoms{i4} =scatterdata.data(row,3);

stoms{ 1.9} =scatterdata.data(row,4);

atoms{1.6} =scatterdata.data(row,5);
stoms{1.7}=scatterdata.data(row,6);
atoms|1.8)=scatterdata.data(row,7);
atoms| 1.9} =scatterdata.data(row,);

atoms|i.10}=scatterdata.data(row,9);

end

%%

%Calculate the scattering factor for each atom AND in each plane. Output
Y%vector will be in the form of rows organized by hkl reflection planes, and
Y%columns ordered by atoms scattering factor in that respective plane. Atoms
%are ordered by how they are entered.

scatterfactors={];

for plane=] :length(svec)

altomfactors=[];

for i=1:numatoms

S°“f°‘1=scatterfactorcalc(atoms{i,2},svec(plane),atoms{i,3},atoms{i,“}:“‘m{"”
foms/; )
Homs{i.6) Atoms{i,7},atoms{i,8} ,atoms{i,9},atoms{i,10});




sromfactors [atomfactors.setrfetr;

end
atterfactors” [scatterfactorsiatomfactors);
S

: end

| end

scaltcrfnctor(l).m

3, This function calculates the scattering factor of individual atoms in hk]
e based on their respective Z,a, and b values, The output of this

o,fucntion is @ matrix organized row-wise for s-values (input argument) and

o,column-wise by atom entered.

9;Return a cell array that holds the atom title, atomic number, and then
9scattering parameters. The output is organizaed as;

o, {'Abbreviation'.Z.al.bl .a2,b2,a3,b3,a4,b4}

if crystaltype == 1 || crystaltype == 2 || crystaltype == 4 || crystaltype ==6 || crystaltype==7
numatoms=1;

end

if crystaltype == 3 || crystaltype ==
numatoms=2;

end

scatterdata=importdata( 'Scatteringdata.xlsx');

for i=1 length(atoms)

row=];

while stremp( scatterdata.textdata(row),atoms(i))==0
owW=row+: e

it

A )
end =

alo"‘S{i,2}=scatterdata.data(l‘ow,1);

rdata.data(rOW,Z);

omsfi 3




= aoms {14 scatterdata datagrow, 3):

| amm\\‘i-” scatterdata.datag row 4);
- atoms{1.0] scatterdata.datag row,S);
atoms (1.7} scatterdata.data(row,6):
atoms {1.8} “scatterdata. data(row, 7);
atoms 1,9} = scatterdata.data(row. 8):

atoms {1.10} =scatterdata.data( row,9);

end

190%
9,Calculate the scattering factor for each atom AND in each plane. Output
Yvector will be in the form of rows organized by hkl reflection planes, and

9%columns ordered by atoms scattering factor in that respective plane. Atoms

oare ordered by how they are entered.

scatterfactors=|]:
for plane=1:length(svec)

atomfactors=[];

for i=1:numatoms

sctrfctr=scatterfactorcalc(atoms{i,2} ,svec(plane),atoms{i,3} ,atoms{i,4} atoms{1,5}....

atoms{i,6},atoms{ i,7},atoms{i,8},atoms{i,9} ,atoms{i,10});

atomfactors=[atomfactors,sctrfetr];

end
scatterfactors=[scatterfactors;atomfact

‘end 1 A




sinction [scatteringlactor| .\cullcrlhclurcn]c(l,s al.bl

02.b2.a3,b3 a4 b4)

¢ This function calcualtes the scattering factor of an atom given the 7

value (atonue number), s value, and corresponding a(i) and b(i) values
®,Input is given as scaterfacton(Z Salbla2.b2,a3,b3)

:scuneringfacmFL-l L78214%(s"2)¥[al *exp(-b1*sA2)+ a2*exp(-b2*s"2)t...
' a;:xexp(-b}*s\2)+a4*exp(—b—1*s“2)l:

.end

structurefactor.m

function [structurevec) = structurefactor(scattervec,crystaltype)

%This function calculates the structure factor given the scattering factors

%o0f the atoms present.

structurevec=zeros(6,1);

switch crystaltype

case 1 %BCC

structurevec(1)=2*sum(scattervec(l,:));
structurevec(2)=2*sum(scattervec(2,:));
structurevec(3)=2*sum(scattervec(3,:));
structurevec(4)=2*sum(scattervec(4,:));
structurevec(5)=2*sum(scattervec(5,:));

structurevec(6)=2*sum(scattervec(6,:));

case 2 %FCC
structurevee(1)=4*sum(scattervee(l,:));
structurevec( 2)=4*sum( scattervec(2,:));
Structurevec( 3) =4*sum(scattervec(3,:));
Structurevec(4 )=4*sum(scattervec(4,:));

Structurevec(5)=4* sum(scattervec(S,));




Q’|Km,\.\-cc(mfd‘sum(‘scmtor\.ccm,;n;

e 3 2Rock Salt
qructurevec( =4* (scattervee( L. 1-scattervee( 1,2 )
gructurevec(2)=4*(scattervee(2, 1) +scattervee(2,2)):
gructurevec(3)=4*(scattervee(3, 1)+ scattervee(3.2 )
sructurevec(4)=4*(scattervec(d.1)-scattervec(d,2)):
qructurevec(S)=4*(scattervee(5. 1)+ scattervee(5.2));

structurevec(6)=4*(scattervee(6, 1 )-scattervec(6.2)):

case 4 %Simple Cubic
structurevec( 1)=sum(scattervec(1,:));
structurevec(2)=sum(scattervec(2,:));
structurevec(3)=sum(scattervec(3,:));
structurevec(4)=sum(scattervec(4.:));
structurevec(S)=sum(scattervec(3,:));

structurevec(6)=sum(scattervec(6,:));

case 5 %CsCl structure aka Diatomic BCC
structurevec(1)=(scattervec(1,1)-scattervec(1,2));
structurevec(2)=(scattervec(2,1)+scattervec(2,2));
structurevec(3)=(scattervec(3,1)+scattervec(3,2));
structurevec(4)=(scattervec(4,1)-scattervec(4,2));
structurevec(5)=(scattervec(5, 1 )+scattervec(5,2));

structurevec(6)=(scattervec(6,1)-scattervec(6,2));

case 6%Diamond '
structurevec( ] )=(3270.5)*sum(scattervec(] .:)35’7
slructurevec(2)=8*sum(scatterVW(Z,i));
Sucturevee(3)=(32/0,5)*sum(scattervee(3,:))
SU'UClurevec(4)=8*sunm(scattel'VW(“-:));
Structurevec(s)=(3zf\o,5)*sum(scatterveﬁ( :

: C8sum(scattcﬂeﬁ(6»:))i 28




g 7 %1 P

qructurevec( 1)=(scattervec(1.1));

gructurevec(2)=(scattervec(2,1));
gructurevec(3)=(370.5)*(scattervec(3,1));
gructurevec(4)=(scattervec(4.1));
sructurevec(3)=2*(scattervec(S.1)):

structurevec(6)=(3"0.5)*(scattervec(6.1));

| intensitvcalc.m
function [ intensityvec | = intensitycalc(structtlrevec,crysta]type,thetavec)
|+, This function calculates intensity based on strucuture factor, Lorentz
| #spolarization factor. and multiplicity.
‘:«Cf:’.‘:if multiplicity values
m=zeros{6.1):
switch crystaltype
case 1 %BCC
m(1)=12:
m(2)=6:
m(3)=24;
m(4)=12;
m(5)=24;
m(6)=8:

case 2 %FCC
m(1)=8;
m(2)=6;
m(3)=12;
m(4)=24.
m(5)=g-
m(6)=6;

¢ 3 %Rock Salt




- m(l )'-:
(2)-0:
m(3)~12:
m(4)=24:
m(3)-8:
m(6)-6:

| case 4 %Simple Cubic

m(1)=6;
m(2)=12;
m(3)=8:
m(4)=6;
m(5)=24;
m(6)=24;

case 5 %CsCl aka Diatomic BCC
| m(1)=6;
m(2)=12;
m(3)=8;
m(4)=6;
m(5)=24;
m(6)=24;

case 6 %Diamond
m(1)=8;
m(2)=12;
m(3)=24;
m(4)=6;
m(5)=24;
m(6)=24;

case 7 %HCP
m(1)=3;
m(2)=4;




oCreate Lorentz Polarization values

jf=zeros(6.1):

for i: ] :()
Iffi)=lorentz(thetavec(i)):

end

o;Create final vector of intensities
intensityvec=zeros(6,1);

for i=1:6
intensityvec(i )=(structurevec(i)"2)*m(i) *If(1);

end

Lorentz.m
function [ lorentzfactor | = lorentz(theta)

%This function uses a theta value to calculate the lorentz polarization
lorentzfactor= (1 +cosd(2*theta)"2)/((sind(theta)"2)*cosd(theta));
end

‘ compareintensity.m

| function compareintensity(intensityvec,hklvec,thetayr-

| “oThis function recieves the intensity data and outpt

1
1
j

| rel) B ; . :
1 llntensu}'—mtensnyvcf:c/max(mtensntyvec);
:3“
{ .
; \ SWitch Crystaltype

L case ]




(ype BCCT

cise 2
ype=FCCs
‘i Cusc 3
case 4
,ypc”'b‘implc Cubic';
case
type- 'CsCl/Diatomic BCC!
case 0 |
(ype* 'Diamond’;
case 7
type='Hex:
ype Hexagonal Close Packed
ACKCd ';

end

} I])rinll'('\n')

fprintf('Crystal Type: %s\n',type)
s\n',type

fprintf('Element(s): )

[ [printf("\n')

: if 5
: anglh(lﬂ"iCC Sp'\Cin&,)
rprinlr(' 4 (2 y == ]
Lattice Ps attice_spacin
ce Parameter: %3 3fA\n' |
. . tti S i

1 leng
‘,1 ;’“Uh(lalticc spacing)
printf('] .
Allice
ice Parameter (a): %3.3f A\n'latti a

{pringf

] 'Lattic

- ce Parame

| meter (c): %3.3f A\n',lattice_spa




2 Thew (hkD) Relative Intensity')
it

“‘prll

for ! 1:0 T
jrintfCn 0%-0.21  %01%i%i

O ¢ thetavee(D)*2.hkIvee{ij (1).hklveeti} (2).hklvec i} (3))
0.2
1‘prin1ﬂ'° of "relintensity(i))

end

| fprimf(‘\n

fprimﬂ'\n')

| o,Plot the values with 2 Theta vs. Relativy Intensity
[ o,plot curvature/FWHM is arbitrarily set - can be removed or set to a straight line
figure
for 1=1:6
¢=0.25;
xval=linspace(thetavec(i)*2-5,thetavec(i)*2+5,100);
yval=relintensity(i)*exp(-((xval-thetavec(i)*2)."2)/(2*c"2));
plot(xval,yval,'k")
hold on
end
| xlabel('2\Theta')
§ vlabel('Relative Intensity')
f 2xis([0 thetavec(end)*2+5 0 1.1])

| /Add annotations
ffori= Ilength(hklvec) ”
4n_string = string(hklvec{i}(1)) + stri
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The mathlab program was run and the following results where obtained for 9 nanoparticles
esult is compared between the results obt

his T ained from various research papers(from

search engine GOOGLE) where through experimental methods XRD Pattern was obtained.

ﬂm,\'RD Pattern of 9 such nanoparticles where taken from various number of research
paperS . The various parameters available for running the program and before attaining the
resull is the X-ray source is to be selected from the options, next we are given the option of
; selecting the crystal type . after which we select the element we used there are various
options of elements according to the sample we took and then we type in the lattice

parameter( it is the length between two points of corners of a unit cell)in Angstrom.

: | SILVER NANOPARTICLES

5 | The results obtained from running the program where the X-ray source was given CuK-alpha,

: ‘,Lhe crystal type as Face Centered Cubic(a single atom at each lattice point on the cube’s
| corners and faces),next the element was given which is Silver in this case and then the lattice
f parameter was typed in. The program is then run and 2 Theta(Theta is the angle between

incident ray and scatter plane)values, the miller indices(used to specify directions and

1 planes) and relative intensity of absolute intensity of every peak by the absolute intensity of
} the most Intense peak).

|
|

Program
| Crystal Type: FCC
;Element(s): Ag
Lattice Parameter:

i
g
I
‘.
|




OBSERVATION
Silver Nanoparticles

i

b

o
" ST i S
f

Relative intensity

1.000000

0.481454

0.296681

0.346108

0.101049

0.054866




- ental Values
: \pl'r"l“

I

| (111}
| 9500 1
2000
':.
T 1500
§ (200)
=]
ot
1000 1
500 A |‘

i i

|

to dentin with different adhesion protocols” we get the experimental values for miller

40 50

60

20 (deg)

70

' | From the research paper “The effect of silver nanoparticles on composite shear bond strength

indices,2theta and intensity from the corresponding graph.

2 Theta (hkl) Intensity Relative intensity
38.00 111 2600 1.000000
44.20 200 1250 0.48

220 750 0.29

,,,,,,,

2502600~ 0.48




o diffe action (XRD) pattern oF silver nanoparticles | pe ks @]
) 3 U AIC assigned 1o diffrasss |
200) and (220) ple v diffrac ‘z
the (11 1). (200) and (220) planes of silver, Silver has an fee erystal s i
ystal structure wi ﬁ
e silver atom. I'he lattice parameter, a, is (.409 nm ucture with a

dﬂerente in ( __()) The Relative Intensity of both the values are approxnmdlcly same for both |

(he data obtained.

Aluminium Nanoparticles
The resuls obtained from running the program for X-ray source CuK-alpha ,the crystal type

as FCC next the element was given that is Aluminium and Lattice Parameter was typed in. |

alues for miller indices,2theta and Relative intensity and the corresponding XRD

The

Lattice Parameter: 4.048 A




Relative \ntensty

) o
g [+

p=]
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0

200
B a1
|
| 222
| 1 400
_4—»— L Gl ol _;F
26
2Theta (hkl) Relative intensity
38.47 111 1.000000
44.72 200 0.481351
65.10 220 0.310441
78.23 0.363044

0.105137

0.053734
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The experimental XRD Pattern for Aluminium nanoparticles are extracted from the research

paper “Experimental Analysis and Characterization of High-Purity Aluminum Nanoparticles

(AINPs) by Electromagnetic Levitation Gas Condensation (ELGC)”. From the

experimentally extracted XRD Pattern from research paper the 2theta,(hkl) and relative

intensity values are
2Theta (hkI) Intensity Relative intensity
(3850 111 40000 1.0000
f‘44.70 200 20500 0.5125
B 20k 13000 0.325
[ 12500 0.3125
0.10
0.05




1 [patti

esult
.o both the results for (hkl) values
: comparing alues (111).(200) (220),(311
g -(511),(222) and (400
) we

in 2 theta values as 0.03,0.02.,0 3
d]“"rence mn AVRVPZS .1.0.13.0.04 and 0 09
-09. The relative intens;
NSty

¢ has small difference of 0.05% and approximately the values are si il
similar.

l?ml
16[ a
yalu®
cold Nanoparticles

e esults obtained from running the program of X-ray source CuK-alpha,Crystal T
' i ,Crysta
FcC. Element Gold and typed in Lattice Parameter as 4.080 A i

program
Crystal Type: FCC

plement(s): AU
ce Parameter: 4.080 A

{
3 08
é | 1 X
‘ i
g 04} E "
!
1 l X
| !
02} [ {
i i 3
| Ll
0-- .u,.,;.._........;—l.\-—“‘_— it — ._l-dL— AI;—
a P 40 4 80 00

¥

Relative intensity
1.000000
0.493888
0.328174
0.396597
0.116917
—T0.065613
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From research paper “Biosynthesis of Au nanoparticles using olive leaf extract.” we get the

xXRD Pattern experimentally obtained from a pre-existing research paper taking the

{ 2theta.miller indices ,Intensity and Relative Intensity as

2 Theta | (hkl) Intensity Relative intensity
38.10 |111 1500 1.0000
r 4430 [200 570 0.3933
es0 |20 400 0.2666
400 0.2666

311) we get difference of §

jues (111),(200),(220) and (
; 1

L valu difference are 0.1005%0.0615% and | -
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[ron Nanoparticles

s we obtain fr
om ru e
nningeg ‘.]
g ne
program given X
B
1s Cuk
-alpha, C
» Lrystal

The result

l\'P' Base Centered Cubic

\ a 1 (BCC | I

& = Cent al ato

1 tom Slll'rOUlldCd b
y Cighl at S
oms Wthh
are locat
ed

at all eight corners
s).element Iron and latti
1CE para
meter 2 86
% 7 A

_ Elemem(s); Fe
| || Lattice Parameter: 2.867 A
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3 Thetd Relative Intensity
\ s
; 110 b\
1465 1.000000
200 e
649 0.146920
211 —————
82.29 0.284774
/
220 — i .
08.89 0.097406
116.30 310 0.180918
/
A 2
137.05 & 0.077277
/,

Expcrimental Values

bce Fe(Q)

—

500

400

300 7

8

Relative Intensity (a u )
1

“"‘- !‘,.“.-A AiLta .‘1A-L‘L““:nhth.MLLIJ‘
j 40 50 60 70 80
2-Theta-Scale
tion of Malathion Contaminated Soil Using Zero Valent Iron
Pattern of experimental values of miller indices (110),(200)

et 2theta and Relative intensity values as

il
o al
AN



2 Theta (hKI) ﬂl\lcn\”\ ——
) Relative intensity
4.60 110 500 ——_~\N |
- 1.000
99 200 )
04. 100 s e |
/
23.00 21 ~
83.0% 150 e
)+500=0.2

qubstitution: 10(

Resuli
aring the two results we can observe that for the miller indices the have a 2theta val
value

6 omp

gifference 0£0.05 .0 and 0.71 and the Relative intensities of both different by 0.1%

Copper Nanoparticles
e results obtained from running the Matlab program giving X-ray source as CuK-

. * alpha,C

rystal type of FCC, Element as copper and Lattice parameter as 3.628 A.

ﬂ Program

Crystal Type: FCC
Element(s): Cu

'Lattice Parameter: 3.628 A




) Theta (hkl) Relative intensity
514 111 1.000000
50.24 200 0.466854
73.78 220 0.267527
89.48 311 0.318315
19465 222 0.095212
0.062065
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2-Theta Seale
gom research paper “Ascorbic acid assisted synthesis, characterization and catalytic
,ppliwli““ of copper nanoparticles” we get access (o Rese

arch papers where experimentally

H extracted XRD Pattern can be found. From the XRD Pattern we will get 2theta and Relative

: ntensity values for miller indices (111),(200) and (220) as

2 Theta (hkl) intensity Relative
intensity
43,10 111 3500 1,000000
52,20 200 1450 0.41
e r———
800 0,22

ram and the existing experimental values we see
20) we get that 2thetn values have dlﬁ\mm’ |

“r
!

. md
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d convenient method as |
alues for nickel §
alues for §

om Research paper “Synthesis of nickel nanoparticles by a green an
terial activities”we obtain the experimental v
s the 2theta and Relative intensity V

_-,wl...n mln-or w“h 189

search paper
11),(200), and (220) are
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Rr-‘“" . of 2theta values observe from comparing both the results Wwe see for the miller

e ,00) and (220) the is 0.1,0.04 and 0.05 and relative intensity values difference

anOPamdes

gilicon 1 o obtain when we run the program for miller indices (111),(220),(31 1),(400) and

e results

. “ l)“e oet[h

i Cos2!

e 2theta values and relative intensity values giving the X-ray source as CuK-

type as Diamond ,Element as Silicon and lattice parameter as 5.430A.

9

Frogram
(rystal Type: Diamond

Element(s): Si
{Lattice Parameter: 5.430 A




| 220
{
| ““- |
}i | 422 g
{ i, 331 l
‘ 1 a0 | (-
| (| [ |
__-'i ]:_- —_‘; b e )L ___‘H___E
' 10 0 40 50 80 90
26
2 theta (hkl) Relative intensity
28.44 I6l1 1.000000
} 47.29 220 0.666634
8 :
B |56 311 0.395966
69.11 400 0.107142
76.36 331 0.163383
; '422 0.234812




(111)

200 30 40 S50 60 70 80
Bragg angle (20,Degree)

~ Msrom research paper “Silicon nanoparticles: a new and enhanced operational material for
gitrophenol sensing” we get the experimentally extracted XRD Pattern from pre-existing
ecarch papers from which we  obtain the 2theta and intensity values for

111).220),(311),(400) and (331).

2 theta (hkl) Intensity | Relative intensity
111 2400 1.0000
220 1000 0.4166
| 311 & 600 0.25

0.125

0.166




Rcsu" i
\
: e ‘
comparison We find that for the miller indices (11,1359, (311).(400 1\
differenc® is 0.04.0.09.0.06 and 0.01 respectively an and
eld
1o be 0.24:0.14.0.018 and 0.003%.
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on (311) the |

d the relatjve ; Intensity differenc “
¢

\
S |emum nanopartlcles
e

“L,anI as Qelgmum and lattice parameter as |

|
(rystal P as Hexagonal close packed. ‘

2373A
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Lattice Parameter (a): £ 373 A
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och AP Diospyros montana leal extract medinted eynthee
A v yiihesis of wleni
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les from pre CRISIIngG reseann Iy prape { : & a4
‘;\.-N““ [ pers for (}p mﬂh! lmm m

- TIATH
4

~om the \YRD Pattern we get the 2theta and Relative intensity values

e ——

(hk1) Intensity Relative } _

o

100 1550 0.51

101 3025 1.0000

102 1125

" #80n comparison we observe that for the miller indices (100),(101) and (102) the 2theta

i gifference is 20 ,22.7 and 27.4 and relative intensity difference is 0.2%.

Platinum Nanoparticles
The results obtained when we run the program giving X-ray source as CuK-alpha, Crystal |

as FOC, Element as Platinum and lattice parameter as 3.920A.
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Relative ittenon

200
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|
| |
I | 222
i ! 400
o i _JLL__L { lu '?
0 == —all Ry
0 20 40 80 100
2 theta (hkl) Relative intensity
39.78 111 1.000000
46.26 200 0.491091
67.50 220 0.322503
81.31 il 0.390801
222 0.115978
0.69299
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Wrom Research paper “ A clean-green synthesis of platinum nanoparticles utilizing a
pernicious weed lantana (Lantana camara)”we get the experimental XRD Pattern for the
miller indices (111),(200),(220) and (311). From which we take the 2theta and Relative

- Wintensity values.

| | 2theta Hkl intensity Relative intensity

111 820 1.0000

0.5975

1200 490
290 0.3536

270 03292
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