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Lab 3: Gluep Production Lab

Purpose: A company has recently come to your team in search of a better recipe for bouncy Gluep.  Your team is challenged to use scientific method to improve the polymer recipe and to make a bouncier Gluep, all while staying within the company budget and time constraints.  
Background Statement: Crosslinking natural rubber is one method to help make the rubber in our tires stronger.  Look up information related to the chemistry of tire manufacturing.

Introduction: Polyvinyl acetate (from white glue) is mixed with a water solution of sodium borate (Na2B4O7, found in some soaps) to form Gluep.  Gluep has some properties of a liquid such as flowing and dripping, and it has some properties of a solid such as bouncing and shattering.  By altering the ratio of the ingredients in the recipe, the properties of the polymer can be altered.  Gluep is actually a cross-linked polymer.  First, a polymer is a long strand of chemical units linked together.  Think of your class forming a big line and then holding hands to link each person together. Now for cross-linking, if two polymers are side by side and another chemical comes along and connects, or links, the two polymers across the middle, we now have a cross-linked polymer.  Think of two classes lining up next to one another and a teacher who stands in the middle holding onto to one student from each class.  In the case of Gluep, sodium borate dissolves in water to form borate ions [B(OH)4-] which then can form bridges between the polyvinyl acetate chains. 

Materials

White Glue

Sodium Borate decahydrate (Borax), Na2B4O7(10H2O 

Distilled water

Electronic Balance

Graduated cylinder

Paper cups

Wood sticks for stirring

Ruler

Bounce testing station

Caliper
Safety Precautions: Sodium borate (also called borax) is slightly toxic by inhalation and ingestion.  Some people are allergic to dry, powdered sodium borate so wash your hands frequently.  If you notice any irritation, immediately wash the affected area thoroughly, inform your instructor, and avoid further contact with the borax. Use adequate ventilation when performing this lab to minimize inhalation risks with borax.  Keep lab and balance areas clean from spilled sodium borate powders.  Any step involving glue must take place in paper cups, no glass vessels should come in contact with glue!
Getting Started:  Your team’s task is to systematically test different recipes of Gluep to determine and explain which ingredient(s) are responsible for the “bounce factor” of Gluep (water, sodium borate, or glue) and to determine the optimum recipe for bouncy Gluep.  Your team will receive a maximum budget of $8.00 to order materials (grade penalties will be assessed for over budgeting).  You will be allowed one free order at the beginning of lab for your 10:10:10:10 recipe (see below).  Besides your free supplies, you will be allowed one order at budget cost.  After that initial budget order, supplies will be at retail cost.  Bring your order form to the TA each time to receive your supplies.  By the end of the first half hour of the lab, you will need to have tested the original recipe, proposed an experimental plan, and purchased your initial budget supplies.  Overhead costs will be charged to your group based on the entire time spent in the lab on the project (maximum time is one hour and thirty minutes).  The TA or instructor will sign off on your order form sheet when you have completed the lab to determine overhead costs (note that clean up must be done prior to sign off). Your team will need to staple the order form indicating your total budget to the final lab notebook.  Your budget should also be discussed in the notebook in the appropriate sections.  After one hour and thirty minutes, a bounce-off will take place to determine which team will be rewarded with the contract (5 extra pts).  Bounciness then cost will determine the winner (teams over budget can not win).  You must know and be ready to share the exact recipe of the ball that you enter in the bounce-off, and you must know your total budget.

Initial Plan:  You have a maximum of a half hour to complete this part of the experiment

The current recipe for Gluep is shown below.  Start by following these procedures. In your notebook following the guidelines outlined in the introductory material, note precise procedures, measurements, and mixing observations; properties and bounciness (including bounce height) of the Gluep, and any cleanup or waste procedures. Well kept documentation can provide hints to improve your overall lab strategy.  Keep in mind that your goal is to make the bounciest Gluep within budget.  

Current Gluep Recipe:

1. In one container, dissolve 10 g of white glue in 10 g of distilled water. (You can assume that the density of water is 1.00 g/mL if you want to use a graduated cylinder rather than a balance for water.  Make sure that you note this assumption in your notebook.)

2. In a second container, dissolve 10 g of sodium borate in 10 g of water.

3. Mix the two solutions together by adding the glue mixture to the sodium borate mixture.  This is called the 10:10:10:10 formula (or 1:1:1:1).

As you were told earlier, the customer was not happy with this recipe for Gluep.  You need to spend some time writing a research plan to achieve your goals keeping in mind your budget constraints.  Your team may wish to use a flow chart.  Hopefully you have done some of the initial planning before lab to minimize your lab time overhead costs.  Use the current recipe as the control and compare the bounciness of the new recipe to the control recipe.  Keep precise record of recipes, measurements, observations and bounce heights and gluep properties in your notebook throughout the process.  Once your team has a plan, fill out the order form and determine the estimated cost of your research.  Show a copy of your order form to the TA within the first half hour to get your supplies. Some final hints, mixing procedures are very important. For instance, Gluep must be thoroughly kneaded with your hands before bounciness is tested.  Keep in mind that your overhead costs cover usage of any equipment found within the lab. A sample flow chart is shown below:





Experiment 1 (Control)
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Experiment 2
(New Recipe:   __ g water: __ g glue: __g water: __ g sodium borate
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    If ball has more bounce____  (_____________________________If ball has less bounce_

 than the control, try this.
    



     than the control, try this. 


Experiment 3A






Experiment 3B
New Recipe:   __ g water: __ g glue:




New Recipe:   __ g water: __ g glue: 



__g water: __ g sodium borate




__g water: __ g sodium borate

Trying different recipes: You have until there are thirty minutes left in lab to do this part of the experiment.
Meticulously keep procedural, measurement, and observational data in your notebook.  Once you are done with the lab, you will want to construct data table(s) in your lab notebook to reorganize/restate all of the data and observations (section 7.1).  As you proceed through your experiments, you will need to constantly evaluate your data and possibly reevaluate your plan.  Keep abbreviated records of these discussions and any new plan decisions.  Also keep a record of exact amounts of reagents used for each preparation, with correct significant figures.  You need to test the bounciness of each Gluep sample by preparing a ~2 cm diameter ball, bouncing it from a platform, and recording each bounce height.  It is best to use the average height of 3-4 bounces for comparison to other recipes.  Your instructor will demonstrate the bounciness testing stations.  Once you have reached your goals and you have cleaned up, sign out with the TA and bring your bounciest ball to the bounce-off.  Also, bring the recipe for that ball and your total budget cost for the project.

Presentations of Lab Results:

Team 5: Background

Team 6: Purpose

Team 1: Results

Team 2: Conclusions
Gluep Production Order Form

Budget $8.00

Team Number and Name:__________________________________

Team Members Names: _______________________________________________________________

	Item
	Quantity
	Unit Price
	Total Cost
	TA initials

(Filled in upon purchase)

	Free Supplies: 2 paper cups, 10 g sodium borate, 10 g glue, and 2 stirrers
	
	$0.00
	$0.00
	

	Sodium Borate
	
	Budget: $0.10 per 5 g
	
	

	         
	
	Retail: $0.30 per 5 g
	
	

	White Glue
	
	Budget: $3 per bottle (~120 g)

(No Sharing of bottle costs)
	
	

	
	
	Retail: $4.50 per bottle
	
	

	Stirrers
	
	Budget: $0.10 each
	
	

	
	
	Retail: $0.20 each
	
	

	Paper Cups
	
	Budget: $0.25 each
	
	

	
	
	Retail: $0.50 each
	
	

	Overhead Cost (lab station, balance, disposal, dist. water, ect.)
	
	$0.15 per 15 minutes
	
	








Total Cost: _______________________________

This lab is a modified version of the "Gluep Production Lab" from Flinn Scientific Inc.
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