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Diffusion Stories
Pennsylvania Academic Standards

Science and Technology: 

3.1.10.B:  Describe concepts of models as a way to predict and understand science. 3.2.10.A:  Know that science uses direct and indirect observation to study the world.

3.2.10.C:  Apply the elements of scientific inquiry to solve problems.

3.4.10.A:  Explain concepts about the structure and properties of matter.

3.3.10.B:  Describe and explain the chemical and structural basis of living organisms.

Reading and Writing:

1.1.8.F:  Understand the meaning of key vocabulary words, and apply them.

1.6.8AD:  Listen and contribute to discussions.

Mathematics:

2.4.8 A:  Combine numeric relationships to arrive at a conclusion.

2.1.8 A: Represent and use numbers in equivalent forms.

2.5.8 B:  Verify and interpret results using precise mathematical language.
Diffusion Story I:  Graham’s Law of Diffusion

Pre lab Activity

· Fluorescent-Glow bottles

· Effusion in a balloon

Introduction

According to the Kinetic Theory of Gases, all gases are made up of small particles.  These particles are in constant random motion and collide with each other and the walls of the container they occupy.  The collisions of gas particles are perfectly elastic collisions.  When total energy of particles, before and after collisions is the same, collisions are considered perfectly elastic.  Not all gas particles move at the same rate.  For two gases at the same temperature, their average kinetic energy is the same.

(Kinetic Energy)  KE = 1/2 mv2         m = mass      v = velocity

1/2 mAvA2 = 1/2 mBvB2       A and B refer to two different gases

mAvA2 = mBvB2

    √mA = vB  
This relationship is referred to as Graham’s Law of Diffusion
    √mB     vA

Guiding Questions

1. What is diffusion?  What type of particles diffuse?

2. If you have two different gas particles with different masses at the same temperature, what do you expect as far as their rate of diffusion?  Write your hypothesis as an “if and then” statement.

Vocabulary

diffusion, velocity, temperature, kinetic energy

Materials

Modified 10mL glass pipettes with the ends cut off, cotton ball, 2 pairs of angled forceps, 1 pair of gloves, concentrated HCl, concentrated aqueous NH3, micro-well plate, disposable pipettes.

Safety

· Wear safety goggles and gloves.

· Exercise caution when handling chemicals.

· Perform the experiment under the fume hood.

· Wash immediately if acid or base gets on the skin and report to your instructor.

· Handle glass with care and dispose broken glass in appropriate glass disposal containers.

Procedure

· Perform the following activity under the hood with gloves on.

· Use the plastic pipette to fill a corner of a plastic well plate with concentrated HCl.

· Use the plastic pipette to fill another corner, as far away from the HCl as possible with concentrated aqueous NH3.

· Split a cotton ball in two pieces.

· Soak part of one half of a cotton ball in the HCl well.  Soak part of the other half of the cotton ball in the aqueous NH3 well.

· Use two pairs of forceps to plug opposite ends of the modified glass tube with the cotton plugs

· Wait about 2 minutes and record your observations.

Data

Observations after 2 minutes:  ____________________________________________________________________________________________________________________________________________

Distance from the HCl plug to the ring dHCl = 

Distance from the NH3 plug to the ring dNH3 =

Calculations

Ratio of dNH3 =

              dHCl

Molar Mass of mHCl =                   Find the square root of the answer = 
Molar Mass of mNH3

Questions

1. Which gas travelled the farthest?  Why did it travel farther than the other gas?

2. How did your experimental distance ratio compare with the square root of the mass ratio?  Were the two values close?

3. What could be some possible sources of error between the experimental ratio and the actual ratio?

4. Was Graham’s Law of Diffusion verified in your experiment?  How could you verify your experimental results?

5. What is the difference between diffusion and effusion?

Diffusion Story II:  Diffusion and Osmosis

Demonstrations

· Reaction between iodine and starch

· Sugar on a dish of cut strawberries

Introduction

Diffusion can occur across a semi-permeable membrane.  A semi-permeable membrane is a membrane that permits only certain particles across.  In this lab, diffusion happens across a plastic bag.  This Osmosis is also a type of diffusion found in living cells that involves movement of water from a region of high to a region of lower concentration across a semi-permeable membrane until an equilibrium is reached

Guiding Questions

1. What happened when iodine reacted with starch?

2. What is the name of the semi-permeable membrane found in all living cells?

3. If iodine and starch are separated by a semi permeable membrane, predict which molecule will cross the membrane, iodine or starch?  Write a hypothesis as an “if and then” statement.

Vocabulary

Semi permeable membrane, selectively permeable membrane, partially permeable membrane, indicator, osmosis

Materials

Iodine solution, cornstarch, water, cheap plastic baggies with ties, 250mL beaker, paper towels.

Safety

· Wear safety goggles.

· Exercise caution when handling chemicals.

Procedure

· Add a tablespoon of cornstarch to a plastic bag with 100mL of water.  Tie and mix the contents of the bag.

· Fill a beaker with about 100 mL of iodine solution.

· Sink the plastic bag in the iodine solution in the beaker.

· Wait five minutes and record your observations.

Data

Observations:

At time = 0 minutes:  _____________________________________________________

At time = 5 minutes:  _____________________________________________________ 

Questions

1. Which molecule is permeable, starch or iodine?  How do we know?

2. The plastic bag was permeable to which substance?  What type of membrane is the bag?

3. How is diffusion of Iodine across a plastic bag different from osmosis?  How is it similar?

4. Draw a picture with the Iodine in the bag and the starch in the beaker.  Draw arrows and label to demonstrate what molecules move and where the reaction occurs.
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