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Lecture — 21
X-Ray Crystallography: Data Analysis, Part-I
Hi everyone, welcome back to the structural biology course. We are discussing structural biology
techniques, and today we are starting on the 5th module, where we will continue with X-ray
crystallography.
(Refer Slide Time: 00:44)
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X-Ray Crystallography
Diffraction Patterns, Relation
between Laue equation and

Braggs Law’, Ewald Sphere,
Fourier Transformation

Today, we will discuss its diffraction patterns, the relation between the Laue equation and
Braggs law. | talked about Braggs law, but now we will look at instead of an atom, if it is a
lattice, how the Braggs law is different, and then we will see the relation between Bragg and

Laue. And then, we will look at how Ewald Sphere and Fourier transformation is also working.
(Refer Slide Time: 01:22)
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So, diffraction pattern | talked about data collection, but the core of data collection is always the

diffraction pattern, as you see in this picture where the atom is heated, and a pattern is developed
(Refer Slide Time: 01:40)
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number of repeating units (molecules):

Diffraction Diffraction
from a intensity is
single proportional
molecule is to the A 100 mm3
not number of crystal
currently unit cells in contains
measurable 1012 unit

the crystal 3
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1914).

Do you remember in the introductory classes where | talked about why we need a crystal instead
of working on a single protein? | told in a crystal the large number of repeating units amplifies
the diffraction signal. So, when it is a single molecule, the diffraction from a single molecule is
not certainly miserable. It is a very weak signal, whereas when you see the proper arrangement,
diffraction intensity is proportional to the number of unit cells. So, instead of 1, there is 10", so
the intensity is much higher. So, you could easily measure that.

(Refer Slide Time: 02:38)

In a crystal, the ordered, periodic arrangement of
molecules produces constructive interference:

In a crystal, the ordered periodic arrangement of the molecule produces constructive interference
(Refer Slide Time: 03:07)



In a crystal, the ordered, periodic arrangement of
molecules produces constructive interference:

o

So, Crystal organized a very beautiful compact 3D arrangement, but if this 3D arrangement did
not perform properly, there would be a problem. And this problem would be identified by
looking at the diffraction pattern. That is why distraction pattern is very important in protein
crystallography. You got a crystal you are happy that you will get information. But when you
diffract it, the diffraction pattern will immediately tell you. You got a good crystal or not when |
say good crystal now you understand properly arranged.

(Refer Slide Time: 04:01)
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Irregularity in orientation or translation limits the order

and usefulness of a crystal:

Perfect order Rotational disorder Translational disorder

"

So, what could be bad? It could be bad in many ways, but in general, if you look at this crystal, it
is perfect, then there might be rotational disorder as you could see here or translational disorder

as you could see here. Now, if you see the irregularity in orientation translation limit the order



and usefulness of the crystal, | agree that crystallization is the most important thing. Still, once
you get a crystal, that does not mean that you are done. You have to have the crystal in perfect
order, and you have no role in it. This is the way the process of crystal growth the crystal order
would be developed.

(Refer Slide Time: 04:56)
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Diffraction Pattern:

Mar image plates are circular and the
intensities are read in a circular
fashion like a record

After the data is read, the image is
erased with a fluorescent light again y
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Read out time is abouinutes (1\&4

The backstop is a small metal disk on
a piece of tape so all you see is the
disk in the center.

So, | talked about the diffraction pattern you see here: a mass films screen. So, this is Mar image

plates the circular as you see. And the intensities are read circularly like a record. After the data
is read, the image is erased, with the fluorescent light goes around in a circle again. So, it takes
time it takes about 5 to 7 minutes. | am talking about these make data collection at home hugely
time-consuming. You see, this is the effect of the backstop. You do not see any diffraction here
because it is a small metal disc on a piece of tape. So, all you see is the disc in the center. So,
when you have the beam, you do not want the direct ray to hit. So, you put a beam stop. The
beam stops are different types. | will show you another type of beam stop once we are going

through the journey of our diffraction pattern.

So, we look at the diffraction pattern, understand the read-out time, and understand the back
stopper beam stop. If you see that spot, you will see that some sports are very dark. Let us say
this one in comparison to the other one. Let us say this one this is where that difference in the
data collection makes because of the angles where it is hitting and diffracting.

(Refer Slide Time: 08:12)



diffraction.

Irregu!arity in orientation or translation limits tﬂe oraer

and usefulness of a crystal:

Perfect order Rotational disorder Ti;

Disorder destroys the periodicity leading to
Streaky, weak, fuzzy, diffraction.

So, I have shown you these slides, but to show the irregularity in orientation on translation limits
the order and usefulness of the crystal.l Perfect order. You see, you get all of them in 1 line. So,
you get a pattern. That is the practice and pattern, and here you see rotational disorder, and none
of the spots are individually clear. Here you see translational disorder, and the spots are merged
between each other. So, this order destroys the periodicity leading to streaky, weak, fuzzy

(Refer Slide Time: 09:41)

Bad images: |

Always check crystals at 0°and 90° and
possibly more to check for splitting, large
diffuse reflections, doublets.
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So that is what | was talking about bad images. And another very important thing when you are
going for data collection before you should always start like 0 degrees. So, if you look at the 0-
degree image does not diffract to high resolution here, but the spots are very well-formed. So, a



clear pattern is developed now how | know that they are not in high resolution looking at those

layers more these spots going on the corner higher the resolution.

But what you should do you should immediately go to 90 degrees, 180 degrees, 270 degrees
because you cannot check all the images right then, but you should do 0, 90, 180, 360, in that
way you get the same crystal and come to 90 degrees the splitting is observed in the form of

diffuse white spots you could see it. So, now you know that this crystal is not good.

So, always check crystal at 0 degrees and 90 degrees and possibly more to check for splitting
large diffuse reflections and dublets, as | am repeatedly telling. So, before data collection starts,
you should look at the diffraction patterns very carefully.

(Refer Slide Time: 12:03)

Detector:

This is an image from a Raxisdetector

The detector is square, so the corners
are higher resolution but the main
limit of resolution is the radius along
the vertical and horizontal axes

Here the backstop is a metal disk
suspended from a metal rod

The rod and disk show up white
(shadow) on the detector.

Detectors | talked about, |1 show you the Marwan. This is an image from a Raxisdetector, which
is from Rigaku. The detector is square, so the corners are higher resolution, but the main
resolution limit is the radius along the vertical and horizontal axes. Here very interesting if you
see the backstop or beam stop is a metal disc followed by a rod. So, here the backstop is a metal
disc suspended from a metal rod. The rod and disc show up white on the detector.

(Refer Slide Time: 12:58)
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Intensity Value:

If you zoom in enough,
then the intensity value
of each pixel is displayed

Recall that the distance and
angles between reflections are
reciprocally related to the real
space unit cell dimensions

You want to look at the intensity values. So, if you zoom in enough, then each pixel's intensity
value would be displayed. So, if you see here, you see that each pixel has its numbers. So, how
do you understand which one is the dark one? You see the core ones. If | take this as that core,
you see that it is 47000, 44000, 41000, whereas here you get 4000, so 10 times difference in the
intensity. And from here, you can understand that the distance and angle between reflections are
reciprocally related to the real space unit cell dimensions.

(Refer Slide Time: 13:55)
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Very important is how to do the Peak search? So, you could ask the program to search the image
for reflection, and when the program is picking up spots if you are happy, you could accept the
found reflection, and when you do that, this will write a file called peaks file. So, all the accepted



peaks would now be recorded into a separate file. But here actually you could do good work.
You could think about putting your mind active towards the questions.

(Refer Slide Time: 14:44)
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1)Are there spots under the
predictions?

— ’ul
2)Are there spots which are not ’/
predicted?

3)What are the red spots?

Avre there spots under the prediction? Like all the spots are predicted, or some are somehow not
predicted by the program, are the spots not predicted? And what are the red spots? If you see the
red spot and | zoom you will understand these are the red spots.

(Refer Slide Time: 15:10)

Red Spots:

Red spots mean overloads

Exceeding the linear range of the
image plate

Instead of pixel value it reports
&&&&ds

So, the red spots mean overloads because of the exceeding intensity in the linear range of the

image plate, so the image plate has a capacity. If the intensity is more than that, then you get red



spots. Here instead of pixel value, it reports with this sign. So, now you are looking at the spots
and modifying them.
(Refer Slide Time: 16:06)

Reflection profiling:

Spots are assumed to be Gaussian in
shape

If center is “maxed out’then curve is
flattened at top is not good

In that case the intensity cannot be N
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So that is called reflection profiling; spots are assumed to be Gaussian in shape. You get these
once all are good when you see a builds up, but if the center is maxed out, somehow it gets the
maximum value, then the curve is flattened at the top like this, no cut at here, and this is not
good, in that case, the intensity cannot be accurately determined. So, you have to understand
those basics.

(Refer Slide Time: 16:48)
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Now how could you work on it? You zoom in and ask for the integration box. What is an
integration box? The box; where the spots are. Then, this square is the background boundary.
The square is the noise, the outside circle is the overlap area, and the inside circle encloses the
spot. So, now you open it, and you could modify it to a little bit, you know, centering or
something, and in that way, if you do that you could find some spots which are not taken
automatically by the program. You could do that manually; what is the benefit of that? By doing
that, you could make some false spots out, and you could make some real spots in, which would
help your indexing and further data processing with higher quality.

(Refer Slide Time: 18:44)
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Indexing: &5

The program determines the best
lattice fit to each point group

It prints the closest real fit to the
space group restrictions and then
(in a second line) what the space
groups restrictions would
actually demand

The tensor index gives a
correlation of the fit [T

.
So, indexing we talked about, the program determines the best lattice fit to each point group. It
brings the closest real fit to the space group restrictions and what it would demand. So, you got
the first data. You look at the quality of the data by looking at the diffraction pattern. And now
you go to the next step, indexing the tensor index is the column you will see which gives a
correlation of the fit.

So, if you look at what you learn? The diffraction pattern you learn is the first critical thing you
have to understand while going for crystallographic data collection. If you see that the spots are
not in a pattern if they are diffuse if they are like merging and all these things, you know that the
crystal quality the ordering of crystal there is some mistake, but some time you do the auto
collection of spots to get some spot, now by working manually, you could improve that and once

you do that you come to the indexing.

So, this is a file as | talked about, this is the tensor index. In the tensor index, if you are getting
values for different space groups primitive cubic, | centered cubic, F center cubic, primitive
rhombohedral, primitive hexagonal, primitive tetragonal, | centered tetragonal, primitive
orthorhombic, C center orthorhombic, | center orthorhombic, F center orthorhombic, primitive
monoclinic, C center monoclinic, primitive triclinic and then you get this tensor index and you
know which cells are best with the symmetry distance and without the symmetry distance. So,

here you see, this has a 0% tensor index.
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Bragg Law: Relationship between an X-ray light shooting into and it’s
reflection off from crystal surface
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The length DE is the same as EF

Now the total distance traveled by the bottom wave is expressed by:

Constructive interference of the radiation from successive planes
occurs when the path difference is an integral number of wavelengths.
Note that line CE = d = distance between the 2 layers

DE=dsind] [EF =dsind]

— : lnA = 2dsinb|
(DE + EF =2dsin 6|

We have discussed Bragg law. Bragg's law talked about the relationship between an X-ray light

shooting into and reflecting from the crystal surface, but we will look at it from a different
perspective. So, what we know here is the length when there are two reflected lights the length
DE which is same as the EF. So, this D to F, now the total distance traveled by the bottom web
could be expressed by its constructive interference of the radiation from successive planes occurs
when the path difference is an integral number of wavelengths.

Now the distance CE, which the green line equals d the distance between the two layers and

DE =dsin6

EF=d siné.

So, DE + EF=2d sin6

and n)\ = 2d sin®. So that is what Bragg's law we have discussed before.

(Refer Slide Time: 22:43)
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Bragg’s Law:

2dsin 8 =ni

d = Spacing of the Planes, n = Order of Diffraction.
Because sin 6 < 1,

Bragg reflection can only occur for TE
wavelengths satisfying:

This is why visible light can’t be used
No diffraction occurs when this condition is not satisfied.

The diffracted beams (reflections) from any set of lattice planes can only
occur at particular angles predicted by Bragg’s Law.

As | told d is the spacing of the plane, n = order of diffraction

2d sinf = nA.

Now because sin < 1,

Bragg reflection can only occur for the wavelengths satisfying

nA < 2d. And that is the reason visible light cannot be used. No diffraction occurs when this
condition would not be satisfied. The diffracted beams from any set of lattice planes can only
occur at particular angles predicted by Bragg's law.

(Refer Slide Time: 23:29)



Now, a similar, but slightly different treatment:

~

If we Consider X-Rays incident at angle 8 on one of the lattice planes and
study the
Scattering of these X-Rays from
Adjacent Lattice Points

There will be Constructive Interference of the waves scattered from the
two successive lattice points A & B in the plane if the distances AC and
DB are equal.

So, this is what we discussed. And | have to bring them again because | want to discuss a similar

but slightly different treatment here instead of the atoms we are discussing lattice point. So, let's
consider X-rays incident at angle theta on one of the lattice planes and study the scattering of
these X rays from adjacent lattice points. There will be constructive interference of the waves
scattered from the two successive lattice points A and B in the plane if the distance is AC and
DB are equal.

(Refer Slide Time: 24:23)
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So, look at the conditions for,Constructive Interference of waves scattered from the

same plane.
If the scattered wave makes the same angle with the plane as the incident wave

The diffracted wave will look as if it was reflected from the plane. It is common
to consider
Scattering from Lattice Points Rather than Atoms
because it is the basis of atoms associated with each lattice point that is the
true repeat unit of the crystal.
The lattice point is an analogue of the line on an optical diffraction grating.
The basis represents the structure of the line

So, look at the condition for constructive interference of waves scattered from the same plane. If

the scattered wave makes the same angle with the plane as the incident wave, the diffracted wave
will look as if it was reflected from the plane. So, instead of diffraction, it will look as it is



reflected. So, it is common to consider the scattering from lattice points rather than atoms
because atoms are there if you have followed the discussion and understood. But the orientation
would be in the lattice. So, the lattice points are important because it is the basis of atoms
associated with each lattice point is. The true repeat unit of the crystal atoms is there, but the unit
cell is the lattice. The lattice point is an analog of the line on an optical diffraction grating the
basis, representing the line's structure.

(Refer Slide Time: 25:41)

Diffraction Maxima:

Coherent scattering from a single plane is not sufficient to obtain a
diffraction maximum. It is also necessary,
That Successive Planes also

Scatter in Phase
0

s B

This will be the case if the path difference for scattering-off of two
adjacent planes is an integral number of wavelengths. That is, if

2dsin 0 =nAi
.

Coming to diffraction maxima, coherent scattering from a single plane is not sufficient to obtain

diffraction maxima. It is also necessary that successive planes also scatter in phase. So, this will
be the case if the path difference for the scattering-off of 2 adjacent planes is an integral number
of wavelengths, which happens if 2d sin6 = n\. So, rather than the atom, it comes more important
when it is the lattice points we are now sipping our journey from Bragg to Laue.

(Refer Slide Time: 26:35)



Diffraction of X-rays by Crystals:

The science of X-ray crystallography
originated in 1912 with the
discovery by Max von Laue that
crystals diffract X-rays.

Von Laue was a German physicist who
won the Nobel Prize in Physics in
1914 for his discovery of the
diffraction of X-rays by crystals.

Max Theodor Felix von Laue
(1879 - 1960)

So, diffraction of X rays by crystal: The science of X-ray crystallography originated in 1912 with

the discovery of Max Von Laue that crystal diffracts X rays. Von Laue was a German physicist
who won the Nobel Prize in Physics in 1914 to discover the diffraction of X rays by crystal. So,
he is considered the father of X-ray diffraction.

When Von Laue was working as a lecturer in LMU under Summer fields, Evald was writing his
doctoral thesis under the same guide. Their interaction was critical and hugely helped each other.
They interacted with Bragg and influenced each other interestingly. When Bragg came to
Cambridge, they made Watson and Crick, and now you know the history.

So, you know how the technique of X-ray crystallography helped Watson and Crick to get the
first structure of the biological macromolecules DNA which probably happens one of the most
significant discoveries in the history of scientific discovery to understand DNA to understand the
pattern to understand its structure and further the birth of molecular level biology based on
visualization.

(Refer Slide Time: 28:49)



The science of X-ray crystallography originated in 1912 with the
discovery by von Laue that crystals diffract X-rays.

Since that time, single-crystal X-ray diffraction has developed into the

most powerful method known for obtaining the atomic arrangement in
the solid state.

X-ray crystallographic structure determination can be applied to a wide
range of structure sizes.

From very small molecules and simple salts, to complex minerals,
synthetically prepared inorganic and organometallic complexes, natural
products and to biological macromolecules, such as proteins and even
viruses.

The science of X-ray crystallography originated in 1912 with the discovery of von Laue that
crystal diffracts X-rays. Since then, single-crystal X-ray diffraction has developed into the most
powerful method for obtaining the atomic arrangement in the solid-state. X-ray crystallographic
structure determination can be applied to a wide range of structure sizes that we have discussed
and will discuss. From very small molecule and simple salts to complex minerals, synthetically
prepared inorganic and organometallic complexes, natural products, and at the base to the
biological macromolecules, such as protein and now even the big viruses. So, you could easily
understand Von Laue, and his discovery helped change this spectrum or the research of X-ray
diffraction.

(Refer Slide Time: 30:06)



Understanding Laue Equation:

The Laue equations relate the (ncoming waves to the
vaves in the process of diffraction by a crystal
laftice

Let a, b, ¢ be the primitive vectors of the crystal lattice L,

whose atoms are located at the points, Mo v
x=patqb+rc ( - et wek
that are integer linear combinations of the primitive vectors o (f~ e

{3
Now if you consider, k;, be the wavevector of the incoming ’é?" 7 v[::a/;v/ for
(incident) beam, and let k , be the wavevector of the o g
outgoing (diffracted) beam @ - Foy
Then the vector becomes, k- k;, =Ak -
This is called the scattering vector (also called transferred
wavevector) and measures tghe change between the two &“MW‘J;
wavevectors

The Laue equation relates the incoming waves to the outgoing waves in diffraction by a crystal
lattice. So, if you look at this picture and consider a, b, ¢ to be the primitive vectors of the crystal
lattice L. So, this is the crystal lattice we are considering where we are considering a, b, ¢ be the
primitive vector the atoms would be located at the point

X (any point) = pa+qb +rc

these are the integer linear combination of primitive vectors.

Now, if we consider kj, be the wavevector of the incoming beam, and let ko be the wavevector
of the outgoing beam, the difference Koy - kin = Ak

Ak is called the scattering vector, it is also called transferred wavevector, and it measures the
change between the two wavevectors. So, what happened as | told it is the comparison between
the incoming waves and the outgoing waves and considering ki, as the incoming beam
wavevector for incoming beam, Kko,: again wavevector for outgoing beam, their difference Koy -
kin is AK, this Ak is also vector which is scattering vector.

(Refer Slide Time: 32:41)
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Understanding Laue Equation:
The three conditions that the scattering vector Ak must satisfy, called
the Laue equation conditions, are the following: the numbers h, k, I
determined by the equations,

a-Ak =2rh
b Ak = 27k must be integer numbers.
c- Ak =2nl

Each choice of the integers (h,k,l),called Miller indices, determines a
scattering vector Ak

Hence there are infinitely many scattering vectors that satisfy the Laue
equations

They form a lattice L*, called the reciprocal lattice of the crystal lattice

The three conditions that the scattering vector Ak must satisfy, called the Laue equation
conditions are the following the numbers h, k, | determined by the equation a dot del k = 2pi h, b
dot del k = 2pi k and c dot del k = 2pi | and they should be integer number. So, this is a
conversion from a to h, b to k and c to | which is the relation between a real lattice and a
reciprocal lattice each choice of the integers h k | called Miller indices determines a scattering

vector del k.

So, now you understand the relation because you already know about the Miller indices you
already know about the reciprocal space and you know how amazingly the Miller system is
developed the Miller indices system so that we could get integers when it is parallel. So, many
cases could be solved by using Miller indices. Hence there are infinitely many scattering vectors
that satisfy the Laue equation. So, they who satisfy they form a lattice L star called the reciprocal
lattice of the crystal lattice.

(Refer Slide Time: 34:16)
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Laue Diffraction:

This condition allows a single incident beam to be diffracted in
infinitely many directions

However, the beams that correspond to high Miller indices are

very weak and can't be observed v Malle? Tndreed

These equations are enough to find a basis of the reciprocal
lattice, from which the crystal lattice can be determined

This is considered as the core principle of x-ray crystallography

So, now you understand the correlation this condition allows a single incident beam to be
diffracted in infinitely many directions. However the beams that correspond to high Miller
indices are very weak and cannot be observed. So, the beams with low Miller indices are
important or it could be measured. These equations are enough to find a basis of the reciprocal
lattice from which the crystal lattice can be determined. So, you could get each other this is
considered as the core principle of X ray crystallography. So, you know the condition.

(Refer Slide Time: 35:10)
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Relation between Laue Equation and Braggs Law:

If, G=hA+ kB + IC is the reciprocal lattice vector, we know by definition
of the reciprocal lattice basis vectors that,

G.x= G.(pa + gb + rc) = 2m (hp + kq+Ir)=2 n(®)

Where n is an integer (we use the definition for a reciprocal lattice
vector which gives the factor of 2 n

Interesting point is, this is nothing but the Laue equations

Hence we identify, Ak =k, - k;,= G

m

this is sometimes called the Laue condition.
In a sense, diffraction patterns are a way to experimentally measure the
reciprocal lattice

Now what we will do we will find the relation between the Laue equation and Bragg's law. So, if
G =hA + kB + IC is the reciprocal lattice vector we know by definition of the reciprocal lattice
basis vectors that G dot x= G dot pa + gb + rc. Now that means 2pi hp + kq + Ir = 2pi n where n



is an integer we use the definition for a reciprocal lattice vector which gives the factor of 2pi.
Now the interesting point is that this relation is nothing but a Laue equation. You do not get it
yes because | did not go into the mathematical part of the Laue equation but let us go there.

(Refer Slide Time: 36:26)
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Mathematical Briefing of Laue:

For some integer n, that depends on the point x
By simplifying this we get,
Ak.x=(k,, -k ] x=2nn

nt m
Q

Now it is enough to check that this condition is satisfied at the primitive
vectors, a, b, ¢ (which is exactly what Laue equation is saying), because
then for the other points,

x=pa+qb+rc we have,

Ak . x=Ak. (pa+qb+rc)
=p2nh+q2nk+r2nl
=2n(hp+kq+1Ir)=2nn
Ak.x=2mn=Gx

where n is the integer hp + kq +Ir

So, mathematical briefing up Laue for some integer n that depends on the point x by simplifying
these we could get delta k dot x = k out — k in dot x = 2pi n. Now this relation is enough to check
that this condition is satisfied at the primitive vectors a, b, ¢ which is exactly what Laue equation
is saying because then for the other points if you see x = pa + gb + rc we have delta k dot x =
delta k dot pa + gb + rc because x is replaced by equal to p2 pi h + g2 pi k + r2 pi | that means
2pi hp + kg + Ir which means now you note 2pi n.

So, now if you see delta k dot x = 2pi n which is equal to G dot x when n is the integer hp + kq +
Ir. So, now you understand that the interesting point is this is nothing but the Laue equation.
Hence we identify del k = k out - k in which you know equal to G. This is called Laue condition
and in the sense diffraction patterns are a way to experimentally measure the reciprocal lattice.
(Refer Slide Time: 38:25)



Relation between Laue Equation and Braggs Law:
Rewriting the Laue condition:

l"out = kin =G

|ka2 = !koul = G|2 W
|kin|2 = |koul‘2 - 2kout G+ ‘G|2

Applying the elastic scattering condition {[Koy |2 [kiu\2 W

We obtain, kg - G = |G[*

Essentially, the Laue condition is the conservation of momentum and is a
consequence of the very general statement that the crystal momentum is
only conserved up to a reciprocal lattice vector, while the elastic condition is
the conservation of energy carried by the X-rays (i.e. the crystal gains no
energy from scattering radiation).

.
Now if we rewrite the Laue condition k out - k in = G. So, absolute value of k in whole square
equal to capsulate value of k out minus G whole square. So, k in absolute value square equal to k
out absolute value square - 2k out dot G + G absolute value square. Now we apply elastic
scattering condition for these which means that wavevector of incident beam is equal to the

wavevector of the outgoing beam.

So, 2k out. G equal to absolute G is whole square essentially the Laue condition is the
conservation of momentum and is a consequence of a very general statement that the crystal
momentum is only concept up to a reciprocal lattice vector while the elastic condition is
conservation of energy carried by the X rays as you see here. This equal to this so you could say
conservation of energy.

(Refer Slide Time: 40:02)
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Relation between Laue Equation and Braggs Law:

The vector G specifies a set of Bragg planes in reciprocal space
normal to it

This implies a corresponding set of Bragg planes in real space, i.e.
integer solutions for p,q,r to the equation,

hp+kq+lr=n

for integer coefficients h,k,l and order n. &

The vectors (Kqy, ki, and G) form an isosceles triangle.

This means that X-rays seemingly "reflect” off these planes at the
same angle as their angle of approach © (with respect to the plane)

Now the victor G specifies a set of Bragg planes in the reciprocal space normal to it. These
implies a corresponding set of Bragg planes in real space that is integer solution for p, g, r to the
equation which is hp + kg + Ir = n for integer coefficients h, k, I and order n. Now the victors k
out and k in and G will form an isosceles triangle and isosceles triangle means 2 sides are equal
this means that x rays seemingly reflect up these planes at the same angle as their angle up
approach theta with respect to the plane.

(Refer Slide Time: 41:07)
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Relation between Laue Equation and Braggs Law:

Since the angle between k., and G is n/2 - 6.
This implies that, | .G - Kout|| G| sin 6.

|kout| = 27/A

If the lattice constantis d, |G| = 2mn/d 5

This is because by definition we require, G.x =2 nn

Since the angle between k out and G is pi by 2 - theta this implies that k out dot G equal to

absolute value of k out into absolute value of G sin theta. So, absolute value of k out equal 2pi /



lambda if the lattice constant is d the spacing between the 2 layers G absolute equal to 2pin/d
this is because by definition we require G dot x = 2pi n.
(Refer Slide Time: 41:50)

Relation between Laue Equation and Braggs Law:

From the earlier findings, now we can pick a set of Bragg planes in real
space with inter plane separation abs(x)=d,

and without loss of generality choose G parallel x

With these, we now recover Bragg's law:

2oy -G = |G|2o

2Ky |G|sinf = |G|’
2(2r/X)(2mn/d) sinf = (2rn/d)®
2dsinf = n.

We appear to Braggs law starting from Laue equation of diffraction
.

So, from the earlier findings now we can pick a set of Bragg planes in real space with inter plane
separation absolute x = d and without loss of generality choose G parallel x with these we could
now recover Bragg's law you will see 2k out. G equal to absolute G squared 2k out G sin theta is
G squared 2. So, we replaced with the values we got 2 2pi / lambda 2pi n / d sin theta=2pin/d
square which is 2d sin theta equal to n lambda. So, in that way we appear to Bragg's laws
equations starting from Laue equation of fraction

(Refer Slide Time: 42:51)
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Lattice Transformation:

The reciprocal lattice represents the Fourier transform of another
lattice (usually a Bravais lattice)

In normal usage, the initial lattice (whose transform is represented by
the reciprocal lattice) is usually a periodic spatial function in real-
space and is also known as the direct lattice.

Crystal lattice Reciprocal lattice
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If we look for lattice transformation the reciprocal lattice represents the Fourier transform up
another lattice usually a Bravais lattice in the normal usage the initial lattice whose transform is
represented by the reciprocal lattice is usually a periodic spatial function in real space and is also
known as the direct lattice. So, you see the crystal lattice that is the direct lattice and you see the

reciprocal lattice.

So, there inter connections is very important and how you could to do that you could do that with
a mathematical operation which known as Fourier transform and if you see you will see the
picture, pictorial representation for crystal in a direct space and crystal in a reciprocal space. So
that difference is clear here and our data actually connect as who as shown in different aspects
we are getting data from direct and some from reciprocal lattice measurement.

(Refer Slide Time: 44:25)
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Process Details:

Data processing:

Indexing: Finding the unit cell, orientation &
space group

Integrating: Determining the intensities of each
spot 0

Merging: Scaling data, averaging data &
determining data quality

So, the process details in data analysis the first step indexing as | have discussed finding the unit
cell, orientation and space group than we have to integrate the determining the intensities of each
spot and then we have to do merging which is scaling, averaging and determining the data
quality.

(Refer Slide Time: 44:54)
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Crystal Structure Solution by Direct Methods:

Early crystal structures were limited
to  small,  centro-symmetric
structures with ‘heavy’ atoms

These were solved by a vector
(Patterson) method.

Herbert A. Hauptman Jerome Karle

0
The development of ‘direct methods’
@The Nobel Prize in Chemxstry 1985 Of phase dEternllnatlon lnade lt
possible to solve non-centro-
symmetric ~structures on ‘light
atom’ compounds.

The crystal structure solution was first happen by direct method Herbert A. Hauptman and
Jerome Karle they awarded it noble prize chemistry in 1995 for the outstanding achievements in
the developments of direct method for the determinations of the crystal structure. So, as we know
early crystal structure as limited to small centro- symmetric structures with heavy atoms it was

easy this was solve by vector method which is Patterson method.

The development of direct method of phase that determinations made it possible to solve non-
centro-symmetric structures on light atoms compounds and then we will discuss about what we
call the problems and all you phase in solving the protein crystals in the next class we will look
at about in direct method, about the famous phase problem and then about structure factor,

intensity and all regarding that thank you very much.



