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Objective:
By the completion of this lab, students will be able to describe how the internal structure of paper (i.e. paper fibers) affects the properties of that paper.

Materials:
Three half sheets of newspaper

eye dropper

50 ml beaker

magnifying glass

Procedure:
Part 1 - Drip
1.  Put water in the 50 ml beaker.

2.  Using the eye dropper, put a drop of water in the center of the half sheet of  newspaper.  Begin the stop watch when the drop hits the paper.

3.  Once 30 seconds has elapsed, use a pencil to mark the perimeter of the water spot on the paper.  Put another drop of water in the center.

4.  Repeat step 3 until five minutes have elapsed.

5.  Record all observations on TABLE   1.

Part 2 – Rip
1.  Make several tears in one of the half sheets of paper perpendicular to the line of print.

a)  make as many observations as possible (ex. ease of tear, sound of tear, straightness of tear).

b)  Vary tearing variables (ex. speed of tear, distance fingers are apart, size of paper, etc.). 

2.  Record all variables and observations on TABLE  2.

3.  Study the tear with a magnifying glass.

4.  In space marked ILLUSTRATION  1, draw a sketch of what you see .

5.  Repeat steps 1 - 3 with the other half sheet of news paper.  This time, however, make tears parallel to the line of print.

6.  In space marked ILLUSTRATION  2, draw a sketch of what you see.

7.  Clean up lab area.

Questions:
Answer the following questions in full and complete sentences.

1.  Did the water on the paper spread out evenly in all directions?  If not, please describe the pattern that it made. (so everyone is oriented the same way, discuss directions in terms of “parallel to print” and “perpendicular to print.”)

2.  How do you explain the difference in the speed in which the water spreads out from the central drop?

3.  In a paragraph, describe the tears you made which were perpendicular to the line of print.  Use TABLE  2 and ILLUSTRATION  1 data.

4.  In a paragraph, describe the tears you made which were parallel to the line of print.  Use TABLE  2 and ILLUSTRATION  2 data.

5.  Were there noticeable differences between the tears of the two orientations of the paper?  If so, what were they?

6.  How might these differences be related to the differences found with respect to the pattern of the water spot from the first part of the lab?

7.  Newsprint is made from trees.  Trees contain long thin fibers that are oriented in a vertical direction.  Compare the difference in difficulty of chopping horizontally through vs. vertically splitting a log.

8.  The macroscopic "grain" of trees is associated with the microscopic linear orientation of long cellulose molecules.  When trees are pulped and the pulp is pressed and rolled into sheets of newsprint, the natural polymers realign much as would wet spaghetti "combed" with fingers.  Consider why it is better to print the paper with the grain oriented perpendicular to  print vs. a 90 degree shift.

Conclusion:
Describe how the internal structure of paper affects the properties of that paper.

OBSERVATIONS

DRIP:

1.
Draw a diagram showing the spread of water on the newspaper over the 5 minute period.

(Orient your diagram so that news paper print is perpendicular to the lab print.)

2.
Measure the “parallel to print” and “perpendicular to print” diameters of the water spot every 30 seconds.  Put data in table 1, below.

TABLE   1

	Time (minutes)
	Diameter (Parallel to print)
	Diameter (Perpendicular to print)

	0:30
	
	

	1:00
	
	

	1:30
	
	

	2:00
	
	

	2:30
	
	

	3:00
	
	

	3:30
	
	

	4:00
	
	

	4:30
	
	

	5:00
	
	


Graph the data from table 1 on the graph below.



ILLUSTRATIONS

	ILLUSTRATION 1
	ILLUSTRATION 2

	Sketch of tear perpendicular to print


	Sketch of tear parallel to print


TABLE  2

Strip              Tearing variables                                   Observations

	Perpendicular to print
	
	

	
	
	

	
	
	

	
	
	

	Parallel to print
	
	

	
	
	

	
	
	

	
	
	


Teacher Notes

This activity can be used as a way to demonstrate the concept that the internal structure of a solid can affect how that material behaves.  This can then be related to the idea that minerals have certain behaviors (chemical and physical characteristics) that are the result of the molecular structure of that mineral.  Though we cannot see the atoms/molecules of minerals that determine such characteristics as cleavage, density, color, luster, etc., we can see the grain of newsprint and relate that orientation to its behavior when torn, or allowed to soak up water.

If students are having a hard time realizing the relationship between the grain of the paper with its behavior under different tests, follow up with this simple demonstration which can either be done with a flexcam onto a TV monitor or projected onto a screen via an overhead projector:

1. Lay several glass rods together side by side (in a clear bottomed container if using an overhead projector).

2. Drop food coloring (the denser the color the better) onto the rods in one location, mimicking the “Chinese water torture” section of the lab.

3. Have students observe and sketch the direction of flow of the food coloring within the rods.

4. Ask students to explain the behavior and then relate id back to the newspaper activity.

Once students have a firm understanding of the role of the grain on the paper, bring up the idea of what a mineral is and how they have testable physical and chemical properties that are also the result of the molecular arrangement or atomic structure built into the mineral.  Mineral molecular models are also useful to reinforce this point.
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