
Script Unit 2.3 - Miller Indices 

 

In the last unit we saw that the crystal faces were demoninated with these three numbers in 

brackets… 
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Like in this picture, which shows a drawing of a crystal shape and is an intersection body 

composed of a cube and a rhombic dodecahedron.  

 

These triple-numbers are the so-called Miller indices and in this unit we will explain these 

indices… 

 

These indices are used to name the crystal faces in a systematic manner, and are also used to 

denominate lattice planes. They may seem complicated at first sight, but they are very useful… 
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Preliminary work on this subject was carried out by the french mineralogist René Just Haüy, 

who indeed is often referred to as the "Father of Modern Crystallography."  

 

Later, these indices were further developed by William Hallowes Miller - a british mineralogist 

and crystallographer 
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Look at this beautiful mineral, which was named for Rene Just Haüy, which I would like to share 

with you - it is a special tecto(alumo)silicate with this chemical composition, and it often builds 

these lovely blue, highly transparent, shiny blocks. They sometimes even have gemstone 

quality.  
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Okey, but now let’s tackle these Miller indices. 

 

They are sometimes explained in a very complicated manner, but I will try to keep it simple for 

you. And as the first step I want to introduce lattice planes… so what are lattice planes? 

 

Lattice planes are a family of parallel planes which intersects the Bravais lattice and are 

periodic. Here, a 2D crystal lattice is shown - and these red lines or planes (in 3D) are one 

particular family of such planes, which are parallel and have all the same distance from each 

other.  

 

What is important here is, that you realize that these crystallographic planes are fictitious - they 



consist not of something physical, they are not made by wood or stone, but they are only 

imaginary lines/planes that are constructed by linking nodes, and this means lattice points… 

 

This seems to be abstract, but using this concept of planes is a very useful tool for the 

description of crystal shapes.  
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In principle, there is an infinite number of such planes running through the crystal - this would be 

another family of planes, which are all parallel and have the same distance to each other - and -  

this would be yet another plane family. 

 

If we speak about a family of plane, we mean not only one particular plane but the whole set of 

these parallel planes. And these Miller indices form a notation system for such planes and are 

expressed by three integers in brackets:  h, k and l - they correspond to the lattice vectors of the 

unit cell in the direction a, b and c. Miller indices are also called shortly hkl-values. 
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So, let’s now see how these Miller indices are determined. They can relatively easily be 

determined by answering the following question: in how many fractions do these planes 

intersect the respective lattice constants of the unit cell along the three directions a, b, and c… 

 

Let’s examine this first example - look at these parallel planes - and now determine in how many 

fractions the unit cell is divided by these planes along the a-, b-, and c-direction. 

 

Well, these lines do not intersect the a-axis, the b-axis is divided in exactly one part, and the c-

axis is not intersected as we only consider this 2D lattice - these leads to the Miller indices 

(zero-one-zero). 

 

If any of these three integers is zero, it means, that the planes do not intersect that respective 

axis - the intercept is at “infinity” so to say. 

 

 

Let’s look at another example - so, how would these planes be denominated in the Miller index 

system? Think for a while and stop the video, if you want. 

 

Well, the a-axis is divided in one part - and the b-axis is divided in two parts - one-two - as we 

are dealing again with a 2-dimensional lattice only, the third index is - logically - zero - so, the 

Miller index is (one-two-zero)! 

 

From these two examples, we can derive two facts concerning Miller indices: for this, let’s zoom 

in a bit… 
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Firstly, if we compare these two family of planes, we see that the lower the indices, the higher 

the density of lattice points onto these planes - 

 

And secondly, the lower the indices, the larger the distance d between two adjacent planes of a 

plane family - these distances are called d-spacings or also shortly d-values. 
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Probably, you already noticed that there also Miller indices with such a bar-sign. This means  - 

as in other crystallographic contexts, too - simply minus. 

 

Look at these two family of planes - at the lower part: one-two-zero and here at the upper part of 

the crystal lattice the plane family one-minus-two-zero is drawn -  

 

Interestingly, these planes have the same slope so-to-say - they enclose the same angle with 

the a-axis, but with opposite signs… 

 

Now, how do we determine the sign of a Miller index…? 

 

First, take the line or plane that is running through the origin of the cell - the origin is defined by 

the coordinate system, which is shown here… 

 

So, this means, the origin of this cell is here this red lattice point and here that red lattice point… 

 

Second, take the next-nearest neighboring line/plane of that line, which runs through the origin 

and lies in the positive direction of the a-axis, and now read the axis intercept - if it lies on the 

negative side of the coordinate system, then the respective Miller index gets a minus - a bar… 

 

The only rule you have to comply with here is, that you have to choose always the same 

direction for picking the next-nearest neighboring line…  

 

 

Slide 10 

 

To practice this a little more, you can do an exercise: determine the Miller indices of the plane 

families shown here in this graphic…  
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Up to now, we have considered only two-dimensional lattices, but crystals are of course 3D 

objects. 



 

To get an impression of lattice planes in 3D, let’s look at three simple examples... 

 

These planes built the plane family with the Miller indices one-zero-zero… 

 

Slide 12 

 

These planes are running parallel to the a,c-plane, so this means they do not intersect the a- 

and c-axis but they divide the b-axis in one part - this results in the Miller index zero-one-zero.. 
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And, finally, this plane has the intercepts plus-one, plus-one- and plus-one, meaning that these 

parallel planes divide all three axes in exactly one part - the Miller index is one-one-one. 
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There is only one thing left - we started this unit in order to understand the nomenclature for 

crystal faces – perhaps, you already made up the connection between lattice plane families and 

crystal faces… 

 

…yes, exactly, the outermost planes of plane families build the faces of a crystal! 
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So now, you should be able to understand these labels, which we saw at this Java applet in the 

last unit ! And with a little practice it will all be quite clear to you. 
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Later in this chapter you will also learn how to draw crystal shapes - like these - with a freeware 

software programme called VESTA! 

 

Okey, well done for following me through this abstract topic today! 


