Slime Lab
OBJECTIVE: The objective of this experiment is Cross-Linking Polyvinyl alcohol with Sodium Borate, and to explore the change in physical properties of a polymer as a result of cross-linking. The result of adding more cross-linking agents to a polymer is considered and another model of cross-linking is viewed. 

BACKGROUND:
Polyvinyl alcohol, PVA [  (CH2CH(OH)(]n , is the world’s largest volume, synthetic, water-soluble polymer.  PVA is considered non-hazardous and is used in many adhesives, films, and elastomers.  Its most popular use  in schools is in the preparation of “slime.” PVA is a linear polymer with a repeating vinyl alcohol unit (see Figure 1).  Its molecular weight can range from 25,000 to 300,000.
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Figure 1.

Sodium borate decahydrate, Na2B4O7(10H2O, when dissolved in water, hydrolyzes to form a borate ion-boric acid buffer with a pH of around 9 according to Equation 1
B4O72- (aq)   +   7H2O(l)( 4B(OH)3(aq)  +   2OH-(aq)                    Equation 1
The equilibrium reaction between boric acid and the borate ion is represented by Equation 2

B(OH)3(aq)  +  2H2O(l) (  B(OH)4- (aq)    + H3O+(aq)                Equation 2
                       boric acid                              borate ion
The borate ion is tetra-functional in its interaction with alcohol ((OH) groups, having four bonding sites, and is particularly effective in creating three-dimensional gel networks from polyvinyl alcohol or gums such as guar gum.
The chemistry by which a cross-linked polymer gel is produced from linear polymer molecules is quite straightforward.  When solutions of PVA and sodium borate are mixed in an approximately ten-to-one ratio, the borate ions react with the hydroxyl ((OH) groups of the long-chain polyvinyl alcohol molecule.  Figure 2 shows the cross-linked polyvinyl alcohol-borate gel.  The figure, while oversimplified, if extended into space and in three dimensions, may help in visualizing the polymer network.  The structure indicates how hydrogen bonding interactions might figure in a cross-linked yet labile network.  This structure accounts for the physical properties of slime.  The gel is elastic and fluid-like, not stiff or hard; the gelation process will completely reverse if the slime is placed into water; and simply the fact that such a high molecular weight polymer is completely soluble in water
PVA glue contains the polymer polyvinyl alcohol (also called polyethenol) and has the structure:
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*The borate ion can make weak bonds with the OH groups in the polymer chains so it can link the chains together as shown above. This is called cross-linking.

Note that there is much space within the gel-most of this space is taken up by water molecules of the solvent; hence, slime is composed of about 96% water.  Figure 2 implies covalent bonds connecting the oxygen and carbon atoms.  It should be realized that the bonds connecting oxygen to carbon are weak cross-links or interactions and not strong covalent bonds.  Weak cross-linking within the polymer occurs, resulting in the three –dimensional structure (network) of connected chains.  When the concentration of cross-linked chains is high, the solvent is, to a large extent, immobilized within the network and a semi-solid gel results.  Thus a visco-elastic)viscous and elastic) gel with interesting properties results.  Other examples of cross-linked network and gels are rubber, gelatin, fruit jellies, agar media, tofu, and yogurt.
APPLICATIONS: 

There are a number of uses of the PVA polymer we are studying: 

1. They may be used in sheets to make bags to act as containers for pre-measured soap you simply throw into a washing machine. 

2. The PVA sheets may be made into larger bags to be used by hospitals as containers for the cotton cloth used in the operating rooms or to hold the bed linen or clothing of infected patients. 
MATERIALS:
· 50 ml/group of poly (vinyl alcohol) 4% 

· 5 ml of sodium borate 4% 

· Styrofoam cups and wooden stir sticks (tongue depressors) 

· Zip lock bags 

GENERAL SAFETY GUIDELINES: 
· Laboratory aprons and goggles should be worn in this experiment as in all procedures. 

· Both the borax and the PVA will burn the eyes. Hands should be washed at the end of the experiment. 

Procedure: 

1. Place 50 ml of 4% polyvinyl alcohol solution into a plastic cup. 

2. Add a couple of drops of food coloring, and stir with a wooden stick.
3. Add 5 ml of the 4% cross-linker (sodium borate) to your cup while stirring. The mixture will gel almost immediately but keep stirring until smooth.
4. Make observations as to what is occurring as the reaction proceeds. 

5. Within a couple of minutes the slime will be formed. Lift some of it out with the wooden stick and make your observations. Record your observations on your data sheet. 

6. Take some in your hand and stretch the slime slowly. Record your observations on your data sheet. 

7. Repeat the stretching exercise only this time do it rapidly. Record your observations on your data sheet. Compare the results of the two tests. The slime is non toxic and is safe to handle, so you can put it in a Zip-lock bag and seal it to take home. 

8. Follow good laboratory procedure and wash your hands with soap and water. It is recommended that this procedure be followed whenever handling this material. Keep it in the glove or bag until it is discarded. The sodium borate or PVA could burn your eyes. 

QUESTIONS: 

1. What are the physical properties that change as a result of the addition of sodium borate to the poly (vinyl alcohol). 

2. What would be the effect of adding more sodium borate to your cup (your thoughts only)? 

3. Find and circle the repeat unit in the polymer molecule below? 

4. What is the formula of the poly (vinyl alcohol) monomer circled above? (Your teacher may want to show you how to alter this slightly after you have drawn the structure.) 

5. In the picture below, circle the borax cross-linking agent. 
[image: image1.png]



+





(





PVA                                                  Borate ion                    





         Figure 2.                                      Cross-linked PVA-borate gel








