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Hello again! 

 

Before we will turn our attention to metal-organic frameworks, let’s briefly distinguish between 

four different kinds of solid materials. 
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There are ionic solids that consist of positively and negatively charged Ions. Crystals of this kind 

are held together by electrostatic interaction. Salts like sodium chloride for example, which has 

been discussed in unit 5.4 already. 

  

Then there are metallic solids with their shared, delocalized electrons. A major part of the 

elements from the periodic table fall into this category. 

 

This is the crystal structure of gold. Crystal structures of metals are usually pretty simple. You 

probably already realized that this is a face centered, cubic structure. 

  

And we can have solids, which are comprised of discrete molecules that are held together by 

relatively weak van-der-Waals forces or hydrogen-bonds as in Saccharose, for instance, which 

is simple sugar. Please note that we have omitted all hydrogen atoms in this and all the 

following crystal structures. This makes the pictures much clearer and less cluttered. 
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And finally there are framework compounds: Solids with directed bonds throughout the crystal. 

In network structures we see the crystal as whole. Everything is interconnected and arranged in 

a crystalline lattice. You have already seen two examples of this class in the last chapter, 

namely graphite and diamond. 
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In this unit we take a closer look at these framework structures. And we will start with a 

compound with this formula. FeIII[FeIIIFeII(CN)6]3 

  

I find this compound visually appealing, microscopically and macroscopically. Although you will 

hardly ever see a large crystal of it but more likely only very small particles, because the 

formation of the compound is so rapid, as you can see in this short video. 

 

But these small particles have a very nice blue color and have been used as a pigment for a 

very long time. This pigment is called Turnbull’s blue or Prussian Blue. It was discovered by a 

paint maker in Berlin more than 300 years ago in 1709. 

  



Depending on the method of preparation impurities and defects in the crystal structure may alter 

the color a little bit. However, the underlying crystal structure is the same. 

 

Because the crystals form so quickly they are full of defect sites. But the unit cell of an ideal 

crystal of Prussian Blue would like this. 

  

You probably see already that this is a cubic structure. Iron 2+ and Iron 3+ are in an alternating 

arrangement. They are connected via the negatively charged cyanide anions. 

  

This connection accounts for the blue color of the crystals by the way, because it allows electron 

transfer between the two differently charged iron atoms. A Link to more information about this 

phenomenon is given as an Additional Resource. 

  

In a very broad sense Prussian Blue may be called a MOF. (Although, this is not correct to the 

International Union of Pure and Applied Chemistry.) It can at least be viewed as a prototype for 

MOF Structures. 

  

Because there is a Metal: Fe! And there are the cyanide ions that can be regarded as the 

organic component, hence: metal – plus organic – leading to a framework structure: a MOF! 

  

This cyanide ion has a distinctive feature: It can bind to a metal either via the carbon atom or via 

the nitrogen atom. And in Prussian Blue this cyanide uses both its end to connect to the metal 

ions. It acts as a connector or as a “linker” as we also say. And when you mix these two 

together we get a framework: An infinite network, in which Iron 2+ and Iron 3+ are bridged by 

the cyanide. 
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Now, imagine what the structure would look like, if iron wasn’t octahedrally coordinated but 

tetrahedrally. 
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Or what if you could somehow substitute this very small cyanide ion with something very long? 

How would that affect the structure? 

  

In the next unit we will see some examples where the inorganic or the organic parts of the 

framework are varied. 


