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Editors Note:  Polymers 

 

This first edition of Polymer Spectator® will address the basic question what is a 

polymer? Wikipedia defines a polymer as “ a large molecule (macromolecule) 

composed of repeating structural units typically connected by covalent chemical 

bonds. While polymer in popular usage suggests plastic, the term actually refers to a 

large class of natural and synthetic materials with a variety of properties and 

purposes.” Polymers can be natural  (carbohydrates, proteins and DNA are examples) 

or  man made like nylon. Additionally, polymers can be made by organic reactions 

like esterification or amidation, can be made using radical chemistry or can be made 

using hydrosilylation chemistry ( silicones are an example). 

 

With all the diversity in te field of compounds classified as polymers, it seems 

like a natural place to begin by addressing the question with all this diversity, what 

makes a polymer a polymer? 

 

Simply put polymers are macro-molecules made up on monomer subunits that 

link together suing some type of chemical process. It is this property that set 

polymers apart from compounds. As a direct consequence of the fact that monomers 

are reacting to form polymers is the fact that polymers are mixtures of compounds 

having an average molecular weight. These different molecular weight materials are 

referred to as oligomers. The concentration of each oligomer and the range of 

oligomers in the polymer turn out to be critical to the functionality of the polymer. It 

is this concept of molecular weight applied to polymers that we will concentrate in 

this issue. 

 

 

http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Macromolecule
http://en.wikipedia.org/wiki/Structural_unit
http://en.wikipedia.org/wiki/Covalent
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Plastic
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Consistency 

Let's think about a small molecule, say, hexane. Hexane has a molecular weight of 

86. Every hexane molecule has a molecular weight of 86. Now if we add another 

carbon to our chain, and the appropriate amount of hydrogen atoms, we've 

increased our molecular weight to 100.  

 

That's fine, but the molecule is no longer hexane. It's heptane! If we have a mixture 

of some molecules of hexane and some of heptane, the mixture won't act like pure 

heptane, nor will it act like pure hexane. The properties of the mixture, say its 

boiling point, vapor pressure, etc., will be neither those of pure hexane nor pure 

heptane.  

But polymers are different. Imagine polyethylene. If we have a sample of 

polyethylene, and some of the chains have fifty thousand carbon atoms in them, and 

others have fifty thousand and two carbon atoms in them, this little difference isn't 

going to amount to anything. If you really want to know the truth, one almost never 

finds a sample of a synthetic polymer in which all the chains have the same 

molecular weight. Instead, we usually have a bell curve, a distribution of molecular 

weights. Some of the polymer chains will be much larger than all the others, at the 

high end of the curve. Some will be much smaller, and at the low end of the curve. 

The largest number will usually be clumped around a central point, the highest 

point on the curve.  
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So we have to talk about average molecular weights when we talk about polymers. 

And we're not going to stop there. The average can be calculated in different ways, 

and each way has its own value. So let's talk about some of these averages, why 

don't we?  

The Number Average Molecular Weight, Mn 

The number average molecular weight is not too difficult to understand. It is just 

the total weight of all the polymer molecules in a sample, divided by the total 

number of polymer molecules in a sample.  

The Weight Average Molecular Weight, Mw 

The weight average is a little more complicated. It's based on the fact that a bigger 

molecule contains more of the total mass of the polymer sample than the smaller 

molecules do.  

Demographics 

A good way to understand the difference between the number average molecular 

weight and the weight average molecular weight is to compare some American 

cities.  

Let's take four cities, say, Memphis, Tennessee; Montrose, Colorado; Effingham, 

Illinois; and Freeman, South Dakota. Now we'll take a look at their populations.  

 

Now let's calculate the simple average population of the four cities:  
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Now we see that of these four cities, that average population is 180,875.  

But we could look at it a different way. Until now we've been worried about "the 

average city". What is the population of "the average city"? But let's forget about 

cities for a moment, and think about people. What size city does the average person 

among the populations of these four towns live in?  

If you look at the numbers you can see that the average person doesn't live in a town 

of a population of 180,000. Take a look there. most of the people in the combined 

populations of the four towns live in Memphis, a town with a lot more than 180,000 

people. So how do we calculate the size of town that the average person lives in, if 

the simple average doesn't work?  

What we need is a weighted average. This is an average that would account for the 

fact that a large city like Memphis holds a larger percentage of the total population 

of the four cities than Montrose, Colorado. Doing this involves a little bit of math 

that looks scary but really isn't. All we do is take the total number of people in each 

city, then multiply that number by that city's fraction of the total population. Take 

all the answers we get for each city and add them up, and we get an answer that 

we'll call the weight average population of the four cities.  

Let's walk through this to show what I mean. Take Memphis. It has a population of 

700,000. The total population of our four cities is 723,500. So the fraction of people 

who live in Memphis is...  
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...0.9675, or we might say, 96.75% of the people live in Memphis. Now let's take our 

fraction, 0.9675, and multiply that by the population of Memphis:  

 

And we get an answer of 677,273.3. Now let's do the same thing for all the cities, and 

add up the answers:  

 

So our weight average population of the four cities is about 677,600. We can say 

from this figure that the average person lives in a city of about 677,600. That is more 

believable than saying that the average citizen lives in a city of 180,000.  

We do the same thing with polymers. We calculate, with the same formula as we 

used for the weight average population of our four cities, the weight average 

molecular weight.  

See, for example, the following activities:  

Calculate the Molecular Weight of a Polymer here .  

http://www.psrc.usm.edu/macrog/activity/average.htm
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or  

See an illustration of how molecular weight changes affect entanglement using 

string here .  

The Plot Thickens: Viscosity Average Molecular Weight, Mv 

Molecular weight can also be calculated from the viscosity of a polymer solution. 

The principle is a simple one: Bigger polymers molecules make a solution more 

viscous than small ones do. Of course, the molecular weight obtained by measuring 

the viscosity is a different from either the number average or the weight average 

molecular weight. But it's closer to the weight average than the number average. To 

read more about how we measure the viscosity average molecular weight, go read 

the dilute solution viscometry page.  

Distribution 

With all these different molecular weights out there, things can get a little confusing. 

No single one of them tells the whole story. So it's usually best to try to know the 

molecular weight distribution. The distribution is a plot, like the one in the picture. 

It plots molecular weight on the x-axis, and plots the amount of polymer at a given 

molecular weight on the y-axis. Just for fun, we've shown you just where on the 

distribution curve the number, viscosity, and weight averages generally show up.  

 

Renegade Distributions 

http://www.psrc.usm.edu/macrog/activity/mwstrin.htm
http://www.psrc.usm.edu/macrog/vis.htm
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If we lived in a perfect world, where molecular distributions were always so nice 

and bell shaped, just knowing the averages might be enough. But they aren't always 

like that. Sometimes they are like this:  

 

This kind of distribution can result from something called a Tromsdorff effect, which 

we find in free radical vinyl polymerization. Sometimes the distribution is even 

nastier, like this:  

 

http://www.psrc.usm.edu/macrog/radical.htm
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Here our number average molecular weight is a complete lie! There isn't a single 

molecule of that weight in the whole sample! Cases like these illustrate the need to 

know the complete distribution. The distribution can be given by a technique called 

size exclusion chromatography, and also by a new method called MALDI mass 

spectrometry.  
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 Polymer Spectator
®
 is an electronic newsletter in the field of Silicone Chemistry, placed 

on the web four times a year. We welcome comments, articles and information on the 

content of this newsletter. 

 
 

We believe that the information in this issue is an accurate description of the typical uses of the 

product. However, we disclaim any liability for incidental or consequential damages, which may 

result from the use of the information since it is beyond its control. Nothing contained herein is 

http://www.psrc.usm.edu/macrog/sec.htm
http://www.psrc.usm.edu/macrog/maldi.htm
http://www.psrc.usm.edu/macrog/maldi.htm
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