
X-Ray Crystallography
Prof. R. K. Ray

MN Dastur School of Materials Science and Engineering
Indian Institute of Engineering Science and Technology, Shibpur

Department of Metallurgical and Materials Engineering
Indian Institute of Technology, Madras

Lecture - 30
Tutorial 07

Precise Lattice Parameter Determination 1

Hello everyone.  Welcome to this  X-ray Crystallography course.  I  would like  to  take

some problems on crystal structure determination in this tutorial class. I hope all of you

must  have  seen  in  the  lecture  that  couples  of  examples  have  been  solved,  how  to

determine the crystals structure, and also how to find out the lattice parameter. In fact,

you can find the lattice parameter through these X-ray diffraction techniques, 2 ways. 

One is a normal, I mean lattice parameters you which you derive it from the Bragg’s law.

And also you can also find out this lattice parameter much more precisely, which has

been demonstrated  in  the lecture  notes.  I  will  also solve one problem related  to this

precise lattice parameter determination. And before I even start this problem I would like

to review the basic concepts involved in this crystal structure determination. What I will

do is I will take a simple cubic systems, which is much more easy to solve compare to

the other I mean, the X-ray data pertaining to other crystal system which are bit complex.

So, we will lay out some simple procedures to solve the; I mean, identify the crystal

structure  for  a  cubic  system.  Then  I  will  go  through  the  precise  lattice  parameter

determination  and so  on.  So,  I  will  solve  3  problems.  And before  I  even  solve  the

problems  I  would  like  to  review the  basic  concepts  underlying  the  crystal  structure

determination using X-ray data.
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We have just reviewed the rules for determining the diffracting planes in a cubic crystal.

So, we take it up the body centered cubic lattice as well as the face centered cubic lattice.

And if you look at what kind of reflection will be present in the X-ray data is h plus k

plus l is equal to even. And h plus k plus l is equal to odd. This will be absent and this

will be present. And if it is going to be in FCC it is h k l all odd or all even. And what is

going absent h k l not all odd or all even. So, based on this selection rules if you look at

the cubic planes h k l, you start from 1 0 0 all the way up to 3 1 0. If you compute this h

square plus k square plus l square, and then sum it up like this, and then you see that the

corresponding diffracting plane according to the above table. 

For an FCC you see that 1 1 1, 2 0 0 and 2 2 0 so; that means, either it is all odd or all

even. So, that kind of selection rule, here for an FCC and for a BCC it is h plus k plus l is

equal to odd or odd will be absent even will be present. So, to 1 plus 1 is equal to 2, even

number 2 is even number 2 plus 1 plus 1 is equal to 4, even number 4 and again 4. So, all

this reflection reflecting plane will be present in the case of BCC. So, this is well known

you must have already clear about this aspect.
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So,  what  is  the basic  relationship  one can derive from the X-ray diffraction  rules  is

something like you have So, from the bragg law as well as the relationship between the

lattice parameter and the inter planar distance d one can derive this equation. N lambda is

equal to 2 d sin theta as well as d is equal to a by square root of it is square plus a k

square plus l square. From there you can find out this relation and what is the usefulness

of this relation, suppose if we by squaring this.

So, what I have done is from this relation, we can by squaring this equation both sides

and then if you solving for sin square theta you get this expression right. So, let us name

it as 1 a, and then since the wavelength of incoming radiation and the lattice constants or

constant values, you can rewrite this equation like this. Sin square theta A by sin square

theta B is equal to h A square plus k A k A square plus l A square, by h p square plus k B

square  and plus  l  B square.  Where  theta  A and theta  B are  the  2 diffracting  angles

associated with principal diffracting planes h A k A l A and h B k B l B respectively.

So, this is very useful relation, because you have the table here, where it clearly given the

diffracting, principal diffracting planes pertaining to FCC and BCC, and then if you can

take the first 2 sets of diffracting plane from the table for a BCC, and then solve this you

get about and you substitute this into this equation and then see, the value is about 0.5.

Similarly for FCC if  you take the first 2 principal  diffracting planes and then if you

substitute  those  values  into  this  equation  and  you  get  about  0.75.  This  is  an  useful



relation; so if you have the first 2 reflection planes and if you find the ratios of this, and

if you get 0.5 and 0.75.

So, from an unknown crystal structure, cubic crystal unknown cubic crystal it could be a

simple cubic or it could be BCC or in FCC. And this is one shortcut to find out the

correct crystal system.

(Refer Slide Time: 08:51)

So, what I will do is to illustrate this, I will take up one problem, and then I will move on

to the next. So, the problem here is, an X-ray diffractometer recorder chart for an element

that  has  either  the BCC or the FCC crystal  structure,  shows diffraction  peaks  at  the

following 2 theta angles.

40, 58, 73, 86.8 100.4, 1, 1, 114.7 the wavelength of incoming X-ray used was 0.154

nanometer. Determine the cubic structure of the element determine the lattice constant of

the element identify the element. So, this is the question. So, we have to find out whether

these 2 theta value gives any of this whether it follows any of this trend. So, first what

we have to do? First we have to find out we have the 2 theta angle value. So, let us look

at the sin square theta. So, we have 2 theta degrees.

So, then we will convert that into theta, then sin theta then sin square theta. We have this

sin square theta values. We are considering the first 2 set of value. So, we will take 0.117

divided by 0.235 which is approximately close to 0.5. So, according to this, this is crystal



structure  is  BCC.  So,  for  determining  the  lattice  constant  again,  we  know that  this

relation.

So, you we have what we have done here is, again we have substituted the values of h k l

in  this  formula  and the  answer  is  0.318 nanometer.  And if  you can  compare  in  the

literature, the element tungsten has got the lattice constant of 0.316. So, the answer is

tungsten and it is BCC. So, what we have demonstrated through this problem is, ratio of

sin square theta value is quite useful in determining the crystal structure, and as well as

the lattice constant of the given X-ray diffraction data. So, what I will do now is we will

just go through couple of more problems.
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Which I am going to project it down the screen, if you look at this screen determine, for

a cubic crystal  the relationship between sin square theta  value and h k l  values of a

diffraction line and the lattice parameter of the unit cell of the crystal. Which is nothing

but this is the relationship, what we have shown that is the part of that is the answer for

this question. And X-ray diffraction pattern of an unknown substance was taken by the

Debye scherrer method.

Using a copper k A radiation that is 1.542 angstrom. The theta values of this 7 lines in the

pattern are 20.20, 29.15, 36.55, 43.5 50.3, 57.5 and 65.6, all in degrees index the lines

and find out the crystal structure; Bravais lattice and lattice parameter for the unknown

sample.
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So, the similar exercise, and I will just show you how we are doing it in under another

way;  the  other  problem  which  I  am  going  to  show  it  precise  lattice  parameter

determination.

The  problem  is  the  measured  values  of  lattice  parameter  from  the  8  lines  in  the

diffraction pattern of FCC material are 3.56 and refined 566 etcetera, etcetera. And the

corresponding sin square  theta  values  are  given for  all  8  lines  plot  the value  of  the

measured lattice parameter against the corresponding cos square theta value for each line

and  determine  the  best  fit  line  through  all  the  points.  So,  obtained  from  this  plot

determine the most accurate value lattice parameter for the substance.

So,  typically  this  2  problems,  the  procedure  has  been  elaborately  discussed  in  the

literature, it is the same procedure if you follow on this problem, it will be of some good

exercise.
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So, what I have just done is, I have just solved it on the excel sheet. So, in since it is lot

of numbers on the table. So, in order to avoid lot of writing on the board, I we have taken

in the excel sheet. So, all the theta values are taken, and then you see that sin theta values

are shown here, and like what we have discussed in the lecture this is the another way of

generating the sin square theta table. For example, if you look at this sin square theta

divided by this h k l, you know indices 1 2 3 4 6 8 and so on and if you generate the data

like this on each column.

As we have seen in the lecture notes.
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So, the same relation holds here and you see the sin square theta by 2, where you see the

0.0596 value, you are obtaining the similar value, in the sin square theta by 4 in the

second number. And similarly you have sin square theta by 6, you see that it is obtained

here, and sin square theta by 8 you get the same value. Sin square theta by 10 again you

are getting same value. So, if you put all this into a table like h square k square l square,

where you see 2 4 6 8 10 12 14 etcetera, etcetera.

If you see that 2 4 6 then, the corresponding the combination of miller indices for 2 is 1 1

0 for 4 is 2 0 0 and so on; so if you can generate this and you will be able to generate this

lattice parameter for all the given values using this relation.  So, out of this So many

lattice parameters the lattice parameter which correspond to higher angle are suppose to

be much more accurate, as we have seen in the lecture notes also. This point has been

emphasized. So, if you look at this table of lattice constant calculated.

You see that 3.167 is considered the precise lattice parameter from the higher angle of

reflection.
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So, that is solves the problem; and if you look at the most accurate lattice parameter

calculation. So, we have the measured lattice parameter. And then we have a sin square

theta values. And if you from the sin square theta you are calculating sin theta from sin

theta to theta, and then you take again a cos theta value and then cos square theta.
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So, the procedure is given in the lecture notes. So, I am not getting into the details again

So the same thing. So, what we have to do is we have to just make a plot of lattice

parameter versus cos square theta, like this. And then make a best fit like this So, this is



the  best  fit  for  this  data.  And  extrapolate  and  find  the  intercept.  So,  you  have  to

extrapolate this line and which goes and intercept at the value of 3.629 something close

to that. So, you see that the precise lattice parameter is found out from this intercept.

So, that is the exact way of doing this. So, you can also practice similar problems from

the various text books, how to find out the precise lattice parameter from the given X-ray

data. And also for the determination of crystal structures we have clearly demonstrated in

2 3 problems how to solve it.

I hope you will find this useful in solving this any problem in the future.

Thank you.


