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PATHWAY:  
Diagnostic Services

COURSE:  

Basic Diagnostic Services
UNIT 3: 

HS-BDS-3 Basic Chemistry
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Annotation: 
This unit will expose students to the basic skills needed to make reagents properly by using the right glassware and measuring devices as well as how to adjust pH, dilute and determine normality or molarity.  Students will also learn the importance of specific gravity, buffering capacity and why pCO2 and pO2 are important in the human body.

Grade(s):  

	
	9th

	
	10th

	X
	11th

	X
	12th


Time:  
20 Hours
Author:  
 Amanda Latimer
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided appropriately. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation. Many students (both with and without disabilities) who struggle with reading may benefit from the use of text reading software or other technological aids to provide access to printed materials. Many of these are available at little or no cost on the internet.
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GPS Focus Standards: 
HS-BDS-3 Students will learn the basic procedures and concepts of analytical chemistry. 

a. Identify, select, and use appropriate laboratory glassware including pipettes. 

b. Produce normal and molar solutions and dilutions. 

c. Perform serial dilutions. 

d. Understand pH and identify examples of different substances and how they relate to buffered systems. 

e. Understand the concept of specific gravity and interpret results. 

f. Understand pCO2 and pO2 concentration and balance as it relates to the human body. 

g. Explain basic concepts of titration and titration curves.    
GPS Academic Standards:
ELA10RC3 The student acquires new vocabulary in each content area and uses it correctly. 

MM2P4 

Students will make connections among mathematical ideas and to other disciplines. 

SCSh1 

Students will use standard safety practices for all classroom laboratory and field investigations. 

SCSH3 

Students use tools and instruments for observing, measuring, and manipulating scientific equipment and materials. 
SAP4 

Students will analyze the physical, chemical, and biological properties of process systems as these relate to transportation, absorption and excretion, including the cardiovascular, respiratory, digestive, excretory, and immune systems. 

SC5 

Students will understand that the rate at which a chemical reaction occurs can be affected by changing concentration, temperature, or pressure and the addition of a catalyst.
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Enduring Understandings: 
The ability to work with peers in collaborative groups and following written procedures are universal skills that are reinforced by hands-on laboratory exercises and can be used in almost any profession throughout a student’s life.  
Essential Questions: 
· Why are SOPs important?

· What is molarity vs. normality?

· What is the significance of a percent solution?

· Why is pH important?

· When do you use MSDS sheets?

· What is a serial dilution?

· What is a buffer?

· How does pCO2 help buffer the human body?

· What is a titration curve?

· What is an example of specific gravity?

Knowledge from this Unit:  
Students will:
•
Identify the different common types of glassware used in the lab 
•
Recall how to calculate different solutions. 

•
Interpret a MSDS sheet.
•
Discuss how the body buffers itself.
•
Describe the importance of pH and what makes a solution a buffer.
Skills from this Unit:  
Students will be able to:
•
Employ an SOP and make a buffer.
•
Modify the pH of a solution.

•
Plan and perform a serial dilution of a sample.

•
Utilize the technique of titration.
•
Apply proper safety techniques in handling chemicals.
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Assessment Method Type: 

	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	X
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	X
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	X
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

__ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment Attachments and / or Directions: 
NONE
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•
LESSON 1: INTRODUCTION TO BASIC DIAGNOSTIC SERVICES CHEMISTRY

1.
Identify the standards. Standards should be posted in the classroom.     

HS-BDS-3 Students will learn the basic procedures and concepts of analytical chemistry. 

a. Identify, select, and use appropriate laboratory glassware including pipettes. 

b. Produce normal and molar solutions and dilutions. 

c. Perform serial dilutions. 

d. Understand pH and identify examples of different substances and how they relate to buffered systems. 

e. Understand the concept of specific gravity and interpret results. 

f. Understand pCO2 and pO2 concentration and balance as it relates to the human body. 

g. Explain basic concepts of titration and titration curves.    
2.
Review Essential Questions. Post Essential Questions in the classroom. 
•
Why are SOPs important?

•
What is molarity vs. normality?

•
What is the significance of a percent solution?

•
Why is pH important?

•
When do you use MSDS sheets?

•
What is a serial dilution?

•
What is a buffer?

•
How does pCO2 help buffer the human body?

•
What is a titration curve?

•
What is an example of specific gravity?
3.
Identify and review the unit vocabulary. Terms may be posted on word wall. Definitions can be found on the Vocabulary Crossword Key. For students to practice have them do the Vocabulary Crossword Grid using the Vocabulary Crossword Clues. The teacher may use the Vocabulary Crossword Grid Key for grading. 
	Graduated cylinder
	Specific gravity
	Dilution

	Strong base
	Buffer
	TC

	Volumetric
	Distilled Water
	SOP

	Molecular Weight
	Concentration
	Micropipette

	Normality
	Control
	Base

	Titration
	MSDS
	Oxygen

	Beaker
	Deionized water
	Calibrate

	Tap water
	Strong acid
	Molarity

	Formula weight
	Sodium bicarbonate
	Meniscus

	Weak acid
	Carbon dioxide
	pH

	Temperature
	Litmus
	Erlenmeyer Flask

	Acid
	Borosilicate Glass
	


4.
Interest approach – Mental set 


Routine laboratory procedures may seem simple to those who are practiced at it, but many concepts and activities can be intimidating to students. Chemistry and the vocabulary that accompanies it is not used by most people in everyday life, so it can be helpful to compare it to something more familiar like cooking which is an activity that most students can relate to.  

Have an array of common glassware for the students to see at the front of the class.
5. Discuss the following with the students:

Glassware used in a chemistry laboratory is special. It needs to resist chemical attack. Some glassware has to withstand sterilization. Other glassware is used to measure specific volumes, so it can't change its size appreciably over room temperatures. Chemicals may be heated and cooled, so the glass needs to resist shattering from thermal shock. For these reasons, most glassware is made from a borosilicate glass, such as Pyrex or Kimax. Some glassware isn't glass at all, but inert plastic such as Teflon. 

6. Each piece of glassware has a name and purpose: Use the Glassware Pictures Handout for pictures of the following types of glassware. Encourage students to take notes and draw their own pictures of the individual glassware. 
Graduated cylinders are used to measure volumes accurately and are usually made from borosilicate glass, though there are plastic cylinders, too. Common sizes are 10, 25, 50, 100, 250, 500, and 1000 ml. Choose a cylinder such that the volume to be measured will be in the upper half of the container. This minimizes measurement error. 
Erlenmeyer flasks are used to measure, mix, and store liquids. Its shape makes this flask very stable. They are one of the most common and useful pieces of chemistry lab glassware. Most Erlenmeyer flasks are made of borosilicate glass so that they can be heated over a flame or autoclaved. They can be found in 50, 125, 250, 500, and 1000 ml sizes. You can seal them with a cork or stopper or place plastic, paraffin film or a watch glass on top of them.

Beakers are used for routine measuring and mixing in the lab. They are used to measure volumes to

within 10% accuracy. Most beakers are made from borosilicate glass, though other materials may be used. The flat bottom and spout allow this piece of glassware to be stable on the lab bench or hot plate, plus it's easy to pour a liquid without making a mess. Beakers are also easy to clean.

Pipets or pipettes are calibrated to deliver a specific volume. Some pipets are marked like graduated cylinders. Other pipets are filled to a line to reliably deliver one volume again and again. Pipets may be made of glass or plastic.

Volumetric flasks are used to accurately prepare solutions for chemistry. This piece of glassware is characterized by a long neck with a line for measuring a specified volume. Volumetric flasks usually are made of borosilicate glass. They may have flat or round bottoms (usually flat). Typical sizes are 25, 50, 100, 250, 500, and 1000 ml
Test tubes are round-bottomed cylinders, usually made of borosilicate glass so that they can withstand temperature changes and resist reaction with chemicals. In some cases, test tubes are made from plastic. Test tubes come in several sizes. Sometimes test tubes are called culture tubes. 
Note: It is important to go over cleaning instructions because dirty glassware can ruin your lab experiments.  It's generally easier to clean glassware if you do it right away. When detergent is used, it's usually one designed for lab glassware, such as Liquinox or Alconox. These detergents are preferable to any dishwashing detergent you might use on dishes at home.  After cleaning glassware, rinse once with plain water and then three times with distilled or deionized water.
7. Introduce the students to micropipettes.  These are used for measuring liquids less than 1 milliliter.  An easy way to get the students used to working with these pipettes is to do a pipetting exercise. Refer to the Understanding Specific Gravity Handout for an introduction activity with your students. 
8. Every lab has a book of protocols, just like kitchens have books of recipes.  Students should be encouraged to follow a protocol and write everything down in a lab notebook.  To practice this, have the students make a simple solution following the Density Lab Activity Handout.
a. Have the students go through the solution protocol and write down all of the components needed.

b. Have the students determine how much of the reagents they will need to make the solution. Calculations should be entered into the lab notebook.

c. Have the students locate the chemicals needed in the lab, appropriate glassware, and other measuring devices.
d. Have the students list any chemical safety concerns and make a note of any special handling or disposal if needed.

•
LESSON 2:  WATER AND STANDARD OPERATING PROCEDURES 

1.
Review Essential Questions. Post Essential Questions in the classroom. 
· Why are SOP’s important?

2. 
Water is water, right?

Ask the students if they can name different types of water.  

Explain to them about the following types of water:


Tap water:



The water that comes from your faucet at home and at school can be completely different.  Water quality can vary greatly by its mineral and impurity composition.  Even the pipes that carry it to your faucet can add metals and other contaminants. Some of these minerals and impurities can interfere with laboratory experiments.  Tap water can also add a nonreproducible variable to your experiment.  This water is only used for the initial step in cleaning glassware and is avoided at all times for anything else.



Distilled water:



Distilled water is appropriate for making buffer solutions.


Distilled & Deionized water:




This is the preferred water for making solutions in a lab.



Ultrapure water:




This water is used by labs that have stringent requirements and are performing cell culture or molecular biology experiments.  This water is endotoxin-free.

2. 
Standard Operating Procedure (SOP)

At the end of the first lesson, the students were exposed to a protocol or SOP.  Ask them the following questions:


1) Was the protocol easy to follow?


2) When they did the experiment, did they find that they had to do things that were not stated in the protocol?


3) What changes would they make to the original protocol that would make it easier to do the experiment again?

Explain that an SOP is a very precise protocol and they are written in such a way as to decrease human error as much as possible.

Have the students write an SOP for using a micropipette.  Working in pairs, have one student write while the other goes through the pipetting exercise. Now have the groups exchange protocols with each other and have them try to follow the SOPs.

Could the students follow their classmates’ SOPs?
What changes would they make to their classmates’ SOPs that would make it easier to do the experiment again?

When the students are done, compare what they have with one written by the Maryland Biotech department for using a micropipette; Pipetman SOP Handout.
Which SOP was easier to follow: Their own, or Maryland Biotech’s?

For more examples of SOPs, see the Montgomery College website under Web Resources.
•
LESSON 3:  MAKING SOLUTIONS

1.
Review Essential Questions. Post Essential Questions in the classroom. 

· What is molarity vs. normality?

· What is the significance of a percent solution?

· Why is pH important?

· When do you use MSDS sheets?

· What is a serial dilution?

2. Calculating what you need
The protocol/SOP will describe each solution that you make either as a molar solution or a percent.
i. Molar solutions
A molar solution is one in which the amount of the substance to be dissolved (the solute) is given in terms of moles, while the amount of solvent is given in volume. A mole is a measurement of the amount of a substance; the number of molecules. One mole contains 6.02*1023 molecules of a substance. This number is known as Avogadro’s number and can be used to determine the molar weight of a substance from its atomic weights. This is not normally necessary, since most periodic tables list the molar weight of all the elements; the weight of one mole of that substance.
Say an SOP called for a 5M solution of sodium chloride in water, and you needed exactly one liter. A 1M solution (1 molar) means a solution of one mole of solute in one liter of solvent; a 5M solution is five moles of solute in one liter of solvent. When the solvent is not specified, it is generally deionized water. So, one liter of 5M sodium chloride solution would be five moles of sodium chloride in one liter of DI water. Counting individual particles to reach the requisite number is impractical, so molar weights can be used to reach the correct molarity. One mole of sodium chloride (NaCl) contains one mole of sodium and one mole of chloride. From the periodic table we see the molar weighs of sodium and chloride are 22.98 g/mol and 35.45 g/mol, respectively. Adding these together, we get a formula weight of 58.43 g/mol for sodium chloride. Five moles then works out to 292.15 g of sodium chloride. So: one liter of a 5M solution of sodium chloride can be made by mixing 292.15 g sodium chloride into one liter of DI water. 
Practice calculating the constituents of various molar solutions with your students, varying the concentration, volume and solute.

ii. Normal Solutions

Normality is similar to molarity, but applies specifically to the concentration of reactive reagents, such as free hydrogen, hydroxide, and groups that reduce or oxidize. Simply put, normality is the molarity of the reactive species. For example: sulfuric acid, H2SO4, has two dissociable hydrogen ions for every one molecule. So, a 2M solution of sulfuric acid would have a normality of 4N.
iii. Mass concentration
Some solutions have constituents specified as a ratio of solute weight to solvent volume. This ratio is known as mass concentration and is most often in units of g/100 ml. 1% w/v solution would have one gram per one hundred milliliters, while a 50% w/v solution would have fifty grams of solute per one hundred milliliters of solvent. For example:
To make 100 ml of 20% w/v NaCl solution, 20 g of NaCl is dissolved in 70 ml of DI water. Additional water is then added until a total volume of 100 ml is reached. This is done because measuring out 100 ml and then adding the solute may result in a final solution with a volume slightly exceeding 100 ml.
3. Dilution of stock solutions

Many reagent solutions are made as concentrated solutions and thus need dilution.  To dilute stock solutions, you use the following equation:


C1 x V1 = C2 x V2

Where: 
C1 = the concentration before dilution 


C2 = the concentration you want.



V1 = the volume before dilution



V2 = the volume you need.
How would one make 100 ml of 1M NaCl from a stock solution of 5M NaCl? First, the equation is used to determine how much stock solution will be needed:,  



5M X V1 =  1M X 100ml



V1 = (1M X 100ml)/5M



V1 = 20 ml

20 ml of stock solution is needed; since 100 ml of total solution is desired, the 20 ml of stock solution is added to 80 ml of DI water to produce 100 ml of 1M NaCl.
4. Serial dilutions
Serial dilution is a technique for making solution with relatively low concentrations compared to the constituents. For example, if one were attempting to make just 50 ml of 1M NaCl from stock solution of 15M NaCl, it would be necessary to measure out precisely three and one third milliliters of stock solution. Minor errors in measurement could produce large variations in the molarity of the solution. To make the measurements less delicate, one could instead mix 10 ml of stock solution with 20 ml of DI water to produce 30 ml of 5M NaCl solution. Adding 10 ml of this solution to 40 ml of Di water would then produce 50 ml of 1M NaCl. By using serial dilution one can avoid making small measurements which are more subject to human error.
An easy activity for demonstrating the concept of serial dilution is to serially dilute colored water. Provide students with darkly colored water and have them produce several serial dilutions in powers of ten; the second solution being 1/10th as concentrated as the first, and so on. The resulting row of increasingly dilute solutions makes for easy visualization of the concept.
5. Weighing out chemicals
a. Check the list of chemicals you are going to use in your experiment and go to the MSDS binder in your lab to look up each one.  The Material Safety Data Sheet (MSDS) will tell you if there are any hazards related to your chemical and the best way to store or dispose of it when your are finished with it.  These can also be found online.

b. Put on gloves.
c. If using a digital balance, turn it on.
d. Use weigh paper or a weigh boat; never place chemicals directly onto the balance tray.

e. Tare the scale. This ensures that the chemicals, not the container, are being weighed.
f. Weigh out your material by adding small increments of the chemical with a spatula.

g. When you have the correct amount, carefully remove your paper/boat and pour into a clean beaker.

h. Close the lid of your stock jar-and replace it on the shelf.

i. Clean the balance of any spilled chemicals.
j. Slowly add the amount of water called for in the SOP and carefully mix.

k. Label your solution.
6. Measuring pH

a. It is critical that all buffers and solutions used in the lab be at the appropriate pH.

b. pH can be measured with pH paper or, for more accuracy, a pH meter.

c. The pH meter measures the hydrogen ion concentration in a solution.

d. Follow directions for your pH meter, which should be calibrated before use.

e. While your solution is stirring, place the pH electrode into it and allow the meter to stabilize.
f. Do not attempt to read the pH of a solution before all solutes are fully dissolved.
g. If the pH of a buffer solution is too high, HCl can be slowly added to lower it; if too low, NaOH can be added.
h. When the pH is correct, remove the electrode and rinse with water into a waste beaker.
•
LESSON 4:  BUFFER SOLUTIONS AND PH

1.
Review Essential Questions. Post Essential Questions in the classroom. 

· What is a buffer?

· How does pCO2 help buffer the human body?

· What is a titration curve?

· What is an example of specific gravity?

2.
A buffer is a solution that does not change pH readily.  Have the class discuss the Understanding pH Handout.  Discuss pH in terms of how important it is for the body to work properly.
3. 
Titration curves – use the Titration Procedure Handout to guide the students through a titration procedure.
4.
pCO2 and pO2 - Understanding Blood Gasses Info Sheet: Have the students go over the sheet and pretend that they are a doctor reviewing a patient’s lab results. Have students discuss how certain problems /complications can affect blood pH.

5.
Summary of lesson: Have the students work in groups and report on how different human diseases can affect the body’s ability to buffer itself.
•
ATTACHMENTS FOR LESSON PLANS

Understanding Blood Gasses Info Sheet

Density Lab Activity Handout
Vocabulary Crossword Clues
Vocabulary Crossword Clues Key

Vocabulary Crossword Grid
Vocabulary Crossword Grid Key
Glassware Pictures Handout
Pipetman SOP Handout
Understanding pH Handout
Understanding Specific Gravity Activity
Titration Procedure Handout
•
NOTES & REFLECTION: 

It is important that each student participates in the hands-on activities.  Try to make sure that when working in groups or pairs that everyone participates.
Laboratory equipment can be loaned from the GBTI (Georgia Bioscience Technology Institute) contact. See web resources for link.
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Culminating Unit Performance Task Title: 

Promega Buffer Lab
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Promega has a free protocol that covers the preparation of a buffer, pH and serial dilution.  Also, there is a short experiment on how temperature can affect pH.
Attachments for Culminating Performance Task: 
· Promega Buffer Lab Handout  
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Web Resources:
•
http://matcmadison.edu/plus/biotech/teaching-resourceswww.bioteched.com 

· www.montgomerycollege.edu/departments/biotechnology/sop.html
· http://www.gabioscience.org/
.

Materials & Equipment: 
· Computer with Internet Access
· Projection Equipment
· Lab facility with access to basic lab equipment, chemicals and supplies 
21st Century Technology Used:
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	x
	Interactive Whiteboard
	x
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	x
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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