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How to Make Solutions

Introduction


Polymers are most commonly analyzed at the molecular level in solutions.  However, good solutions of polymers are not always easy to prepare.  This HowTo guide provides some guidance, but you will have to rely on your own ingenuity for some cases.  And some polymers are flat-out insoluble.  

Definitions and Terms

There is no one way to express the amount of polymer in a solution.  The commonly used definitions for small molecules (molarity, molality
) are less useful for polymer solutions:  since the molecular weight is often unknown, it's hopeless to use these conventional units.  So, most often we express polymer content as concentration, weight fraction (or percent), or volume fraction (or percent).  

Definitions:  
g1 = grams of solvent




g2 = grams of solute (polymer)




V = total volume of solution
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= solvent density (approximately 
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The only confusing terms in all this are the partial specific volumes.  These are discussed at length in Chem 4011.  They are actually functions of concentration and not constants.  They can be determined from the method of intercepts (look in your Pchem book) and they are commonly tabulated.  Although the partial specific quantities are truly functions of concentrations, it is often assumed--with some potential for error--that they are constants.  That's because determining the partial specific volumes over the whole concentration range is sort of a nuissance.  If you are preparing solutions in a fairly narrow concentration range, treating the partial specific volumes as constants usually produces a small, constant error.  


With these definitions, we can proceed to defining the various identifiers for polymer content:  

Concentration:  
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Weight fraction:  
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Volume fraction: 
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Please note:  

· it's usually a little c for concentration!  
· The subscript 2 is often omitted from c2.  
Practice Problem:  Poly(benzylglutamate), PBLG, is a common polymer (in our lab, anyway!).  Its partial specific volume is 0.791 mL/g and it dissolves in N,N'-dimethylformamide, DMF, which has a density of 0.944 g/mL (at typical room temperatures, this is close).  Compute c2, (, and w2 if 0.03925 g of PBLG are added to 0.12823 g of DMF.
Solvent Quality


It takes a lot of work to find the right solvent for a polymer.  First, you should realize that terms like "good solvent", "poor solvent" and "ideal solvent" carry a special thermodynamic significance for polymers.  Just because you think you've found a solvent doesn't make it a good solvent in the thermodynamic sense.  This is discussed extensively in our polymer solutions lecture course (currently Chem/Bioc 4595).  


So, let's talk about what would make a solvent useful to avoid this complication.  A useful solvent for polymers must really dissolve the polymer all the way down to the molecular level.  The problem is:  only your light scatterer can tell you for sure if this has happened!  Many apparent solvents will make the polymer "disappear".  Sometimes, you even get a nice, clear-looking solution.  Detailed analysis by light scattering may, nevertheless, show the polymer is not fully dissolved.  In order for the light scattering to work, the solvent should have a different index of refraction from that of the polymer.  If this is absolutely unavoidable, your light scatterer will probably (gladly) refer you to the membrane osmometry expert.  If you are user of a polymer analytical lab (for example in a company environment) be sensitive to these needs.  One does not bring in a dry polymer and ask, "What's the molecular weight?" without providing some decent solvent suggestions.  One does also not expect "same day service," as we shall discuss next.  

Time


Polymers do not exactly bounce into solutions.  These are big, slow molecules.  Even in a "good" solvent, they can require from days to months to dissolve.  I recently saw a paper devoted to high concentrations ("semidilute solutions") where the authors allowed a full year!  


The first thing you will see when a polymer is added to a solvent is that it will "swell".  The edges of the solid polymer may become clear.  Look carefully!  

Stirring, Heating, etc.


The reason we stir things is because letting nature take its course is too slow.  Diffusion of polymers is an amazingly slow process (in the swollen state, they move approximately as fast as mountains do).  Convection is faster, but not usually enough.  So we stir.  

"Small" polymers (less than a million molecular weight, say) can be stirred gently with a magnetic stirring bar.  One must be careful that the swollen polymer doesn't glue the bar to the flask.  Very large polymers may actually be broken by the stirring process.  So we might instead swirl the polymer.  Heating the polymers often helps, especially in viscous solvents (m-cresol, for example).  

Good dissolving habits


Polymers a difficult to clean from glassware.  We have specific instructions posted in our lab to do this, but it is often preferable to use cheap glassware that can be thrown out.  A common problem is preparing solutions in volumetric glassware.  In the first place, it becomes really important to follow good volumetric practice:

Only fill the volumetric halfway full until the polymer is dissolved.  Then add more solvent to the line.  

This is the correct practice for dissolving anything, but the special stirring needs of polymers makes it more important.  Here's another tip:  

After you have added the solvent to the line, turn the volumetric upside-down at least 25 times.  
This is also standard practice, but the slow diffusion rates of polymer solutions makes it all the more important.  


Be careful to maintain the temperature closely when making solutions.  
A lot of the solvents for polymers (toluene, for example) expand considerably with temperature.  This changes V, the total volume, and therefore c2, the concentration.  If you're doing serious work, this can affect the outcome.  Try to make your solutions at a temperature near where they will be measured.  If this isn't possible, figure out the expansion factor and make the correction later.  

Selecting glassware


The equations above make it possible to avoid using expensive volumetric glassware.  You just need to know those partial specific volumes.  This is especially helpful when only small quantities of polymer are available.  It's difficult to use small volumetric glassware (e.g., 2-mL volumetric flasks) with the accuracy and precision that you can get from a good analytical balance.  

To Cap or Not to Cap--That is the Question


The caps we use on glass vials are not all the same!  If you decide to weigh your vial with a cap, make sure you don't mix it up with another cap (they all look alike).  Also be advised that the caps may actually change weight.  They can do this by drawing moisture out of the air, or solvent out of your sample.  So, a lot of times, we elect to make our weighings without a cap.  This carries the dual dangers that the solvent can evaporate some during weighing, or it may acquire some moisture from Baton Rouge’s inevitably, insupressibly, insufferably humid atmosphere.  (Actually, the problem is significant everywhere, not just Baton Rouge.) Polar organics (DMF, THF, pyridine, m-cresol, etc.) are really awful about drawing air from the atmosphere.  Other common solvents also do it to lesser extent.  The totally paranoid will wish to use glass caps (they don't change weight) that are carefully labeled to match their samples.  Others of us will fill the weighing chamber with nitrogen, weigh as quickly as we can, or check that cap weights aren't changing.  

Bugs


Among their other charms, aqueous polymer solutions are food for living things.  Even weird, non-natural polymers can be a food source.  Solutions to the problem include addition of sodium azide, NaN3 at 1-3 mM or addition of a drop of toluene (enough dissolves in water to kill the bacteria).  I have never tried the toluene, but azide surely works.  However, azide is a poison and you should therefore handle the solutions with gloves.  Other strategies include keeping the solutions cold until measurement or sterilizing them in an autoclave or by filtering.  Filtering is only temporarily effective in most cases.  

� If you forgot the difference between molarity and molality, shame on you!  Go get a freshman text and brush up.  
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