POLYVINYL ALCOHOL SLIME

Slime was described by Dr. Maki Papavasiliou, of the Mattel Materials Laboratory, as a reversible cross-linking gel made from Guar gum, a vegetable gum used as a protective colloid, stabilizer, and thickening agent for foods, cosmetics, and lotions. The cross-linking is accomplished by the addition of borax, Na2B4O7.10H2O (sodium tetraborate). Slime is a non-Newtonian fluid that is dilatant, that is, under stress, the material dilates or expands. Other stress thickening materials are quicksand, wet sand on the beach, some printer’s inks, starch solutions, and Silly Putty. Dilatant materials tend to exhibit some unusual properties. 
a) Under low stress, such as slowly pulling on the material, it will flow and stretch. If careful, you can form a thin film.

b) Pull sharply (high stress) and the material breaks.

c) Pour the material from its container then tip the container upward slightly, the gel will self siphon.

d) Put a small amount of the material on a table top and hit it with your hand, there is no splashing or splattering.

e) Throw a small piece onto a hard surface, it will bounce slightly.

f) Stuff the material through a tube, die swell occurs as it emerges.
This investigation uses a substance called polyvinyl alcohol in place of guar gum since solutions can be prepared in advance and weighing of materials is not required. Polyvinyl alcohol is used as a thickener, stabilizer, and binder in cosmetics, paper cloth, films, cements and mortars. Polyvinyl alcohol solution dries to leave a thin plastic film that is finding use in packaging materials. This film, if left in the environment will break down rather than persist as some plastics do requiring clean-up.  The polyvinyl alcohol is cross-linked using borax, Na2B4O7.10H2O (sodium tetraborate). 

PROCEDURE: Polyvinyl alcohol Slime

1. Materials needed:

paper cup, 5 oz

stirring rod

Polyvinyl alcohol, 4% solution in water. (See “Preparation of Solutions” at the end of this investigation.)

Borax (sodium tetraborate decahydrate), Na2B4O7􀁸10H20, 4% solution, weight in water.

Food color to color the Slime (optional)

Plastic bag to store the Slime (zip-lock type or bag with twist tie)

Felt-tip pen

Paper

2. Safety Precautions:

Wear safety goggles or glasses at all times in the laboratory.  There are no hazards associated with the polyvinyl alcohol.  Sodium borate (borax) is toxic by ingestion. Take care that this material is not placed in the mouth.  Take care to keep the chemicals and the Slime away from your clothes or cloth covered furniture as they may produce permanent stains.  The Slime will get dirty from handling and may become mouldy after several days. When this occurs, the Slime should be discarded.

3. Disposal and Storage:

Store the Slime in an air-tight container, such as a zip-lock bag or plastic bag with a twist-tie. Dip the slime in some water before storing it to keep it from drying out.  Dispose of any Slime in the trash. Do not put it down the drain as it will clog the drain.

4. Experimental Procedure:

Preparation:

Obtain 20 mL of 4% polyvinyl alcohol solution in a paper cup and a stirring rod. Examine the solution. Does it have any odor? Is it sticky? What happens when a small amount dries on your fingers?  If desired, one or two drops of food color can be added to the polyvinyl alcohol solution. Stir the mixture.  Measure 5 mL of 4% borax solution. Pour the borax solution into the cup of polyvinyl alcohol and stir well. Describe what happens.  Remove the material from the cup and knead it in your hand. The material will become firm and lose some of its stickiness.

Testing your Slime:

a) Can you stretch it if you pull the Slime slowly?

b) What happens when you pull the Slime hard?

c) Roll a piece of Slime into a ball and drop it. What happens?

d) Place a small piece of Slime on the table top. Hit it with your hand. What happens?

e) Write your name on a piece of paper with a felt-tip pen. Place the Slime on your name, the lift it up.  Did anything happen? Can you explain why?

POLYVINYL ALCOHOL SLIME

1. Preparation of Polyvinyl Alcohol Solution

Materials Needed

polyvinyl alcohol, 99-100% hydrolyzed. (Available from Flinn Scientific Inc.)

water, (distilled or deionized preferred but not essential)

1000 mL (or larger) flask or beaker (a pot can be used - glass is preferred) Alternative: A heatproof plastic container

heat source (hot plate, gas or electric range) Alternative: A microwave oven

stirring rod

1-litre (or larger) plastic bottle to hold solution

aluminum foil

labels for bottle

1.  To prepare one litre of 4% polyvinyl alcohol solution:

Method 1: Using a conventional heat source

Measure 960 mL of water into a large flask or beaker (or pot).

Measure 40 grams of polyvinyl alcohol.

Add the polyvinyl alcohol to the water slowing, with stirring.

Heat the mixture, stirring occasionally, until a clear solution is obtained. Avoid boiling the solution.

Remove from heat, cover with aluminum foil, and allow the solution to cool.

Pour the solution into a properly labeled bottle and seal. The solution can be stored indefinitely.

Method 2: Using a microwave oven (This is the preferred method for preparing the solution.)

Measure 960 mL of water into a large beaker or heatproof plastic container.

Measure 40 grams of polyvinyl alcohol.

Add the polyvinyl alcohol to the water slowing, with stirring.

Place in a microwave oven. Heat the mixture, on high, for one minute. Open the oven and stir the mixture. Heat for one minute, open the oven and stir the mixture. Continue heating for one minute intervals, stirring after each heating cycle, until a clear solution is obtained. Avoid boiling the solution. Remove from the oven, cover with aluminum foil, and allow the solution to cool.

Pour the solution into a properly labeled bottle and seal. The solution can be stored indefinitely.

2. Preparation of Borax Solution

Materials Needed

borax (sodium tetraborate decahydrate), Na2B4O7 10H20. (20 Mule Team Borax or equivalent)

water, (distilled or deionized preferred but not essential)

1-litre plastic bottle to hold solution

label for bottle

To prepare one litre of 4% borax solution:

Measure 960 mL of water into a 1-litre bottle

Measure 40 grams of borax.

Add the borax to the water. Close the bottle and shake. The solution can be stored indefinitely.
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Questions

1 The “Nylon Rope Trick is a well-known laboratory demonstration for the formation of a condensation

o @ i -

polymer from its monomers.
Two solutions, one containing cach monomer, are placed in a beaker as shown. In this reaction, the more
reactive hexanedioyl dichloride is used instead of hexanedioic acid. The nylon forms where the two
immiscible liquids join, and can be pulled out from between the layers in a continuous strand.

hexanedioyl dichloride
dissolved in hexane
nylon forms where—_|
the liquids meet 3 1,6-diaminohexane
dissolved in water

a Copy and complete the equation below to show the formation of the nylon polymer
from its monomers. Show a repeat unit for the polymer and the other product formed.

O\ //0
C—(CHy)i—C,
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cr cl
hexanedioyl dichloride

1,6-diaminohexane

sepeat unit of polymer other product
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b Nylon is sometimes used for electrical insulation. However, if there is a risk.
of high temperatures then a polymer such as Nomex®, with a higher melting

point, is used. The repeat unit of Nomex® is shown below.
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i Draw the structures of two monomers that could be used to form Nomex®.  [2]

ii Suggest a reason why the melting point of Nomex® is higher than that of nylon.  [1]
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Answer

continued

Chapter 7: Polyesters and polyamides

There are two major types of polymerisation: addition polymerisation and condensation polymerisation.
a i Propenc undergoes addition polymerisation.
Give a balanced equation for this polymerisation, using structural formulac.  [2]
it Explain the differences between addition polymerisation and condensation
polymerisation. 21
b Polymer G is also formed by addition polymerisation.

acu o a a a a
polymer G 1 1 L L
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Chapter 7: Polyesters and polyamides

2 There are two major types of polymerisation: addition polymerisation and condensation polymerisation.
a i Propenc undergoes addition polymerisation.
Give a balanced equation for this polymerisation, using structural formulac.  [2]
it Explain the differences between addition polymerisation and condensation
polymerisation. 21
b Polymer G is also formed by addition polymerisation.

acu o a a a a a a
polymer G
Dt e oo mmers S i E et fomris, m

¢ The monomer shown below can form a condensation polymer, H.

i Suggesta structure for the polymer, showing two repeat units. 2]

i Concentrated aqueous NaOH solution can be transported in containers made
of poly(propene) but not in containers made of polymer H. Suggest reasons.
for this difference. 3]
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Answer

3 Polymers can be made either from a single monompr or from more than one monomer. Two polymers, L

and M, are shown below,

v
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of poly(propene) but not in containers made of polymer H. Suggest reasons.
for this difference. 3]
‘OCR Chemistry A2 (2814) June 2003 [Total 10]

3 Polymers can be made cither from a single monomr or from more than one monomer. Two polymers, L

and M, are shown below.

e PPRC

i AL A
CHz CH; CH; CHy
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Deduce the structures of the monomers from which L and M could be obtained.
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