Guided Inquiry-Dry Lab: Molecular Geometry

Rules for Conducting A Guided Inquiry

Be aware that this guided inquiry represents your notes on the above subject and all of the class discussion (in most cases) that we will have on the subject. Therefore exercise diligence in completing this inquiry.  To test your knowledge of the subject, you will receive a quiz within a few days of this inquiry.  Work together to answer these questions in assigned groups of 3 or 4 members; this is not a worksheet.
1. One group member reads the information sections aloud while the others follow along quietly.

2. Subsequently, as a team, the group member answers the critical thinking questions. Each member of your group must agree with the answers provided before proceeding to the next question.

3. Do each section sequentially and completely before moving on to the next section.  Do not skip.

4. Use only the information given in this inquiry to derive answers to the questions – Do not use the textbook, prior knowledge or any other resource

5. Upon completion, be ready to present answers to the class during our debriefing session

Purpose of this Inquiry
The following activity will lead you to discover molecular geometry and molecular polarity. More specifically you will learn how the number of electron domains around the central atom defines the shape of a molecule and how the structure of the molecule determines polarity.

Prerequisites
This activity requires that the student can correctly write Lewis Structures and a basic knowledge of chemical bonding.

Molecular Geometry

Four sections compose this guided inquiry. Complete each section before proceeding to the next one

SECTION I

Exercise: Models of Methane, Ammonia, Water, Carbon dioxide and the Nitrate ion.

1. Go to the accompanying tables. Calculate the number of valence electrons and draw Lewis structures (first column) only for CH4 (already drawn as an example), NH3, H2O, CO2, and NO3- in the accompanying tables.

2. Next, use a molecular modeling set to construct models of these molecules. Each member must construct at least one of the 5 molecules. You must show lone pairs on the central atom, but showing lone pairs on the outer atoms is optional. 

3. Show all 5 models to your teacher before proceeding to the next page. Do not disassemble them. Keep them intact because you will modify them as you progress through the guided inquiry. 
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COMPLETE SECTION I BEFORE TURNING PAGE 

SECTION II

Information: Types of Electron Domains and Bond Angles

An electron domain (bonding or nonbonding) is simply a group of electrons as in any of the following combinations:

· Two electrons known as a nonbonding or lone pair  - One nonbonding electron domain

· Two electrons in a single bond – One bonding electron domain
· Four electrons in a double bond – One bonding electron domain

· Six electrons in a triple bond – One bonding electron domain
A bond angle is the angle between two bonding domains (occurring between three connected nuclei in a molecule).

Table 1. Electron Domains and Bond Angles for selected molecules
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Critical Thinking Questions

Referring to Table 1:

1. How many electron domains does CH4 have? How many bonding? How many nonbonding?

2. How many electron domains does NH3 have? How many bonding? How many nonbonding?

3. How many electron domains does H2O have? How many bonding? How many nonbonding?

4. How many electron domains does CO2 have? How many bonding? How many nonbonding?

5. How many electron domains does NO3- have? How many bonding? How many nonbonding?

6. How is the number of bonding domains on the central atom within a molecule determined?

7. How is the number of nonbonding domains on the central atom within a molecule determined?

8. The bond angles can be grouped, roughly, around three values. What are these three values?

9. What correlation/s can be made between the total number of electron domains (found in the two rightmost columns in Table 1) and the bond angle groupings identified in the previous question? 
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COMPLETE SECTION II BEFORE TURNING PAGE 

SECTION III

Information: Electron Domain (ED) or Valence Shell Electron Pair Repulsion (VSPER)Theory 

Make sure that you understand this fundamental concept.

“ED and VSPER theory states that electron domains around a central atom will orient themselves to minimize the electron-electron repulsion between the domains.”

ED Geometry Types

              Linear                                                                                  Trigonal Planar
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Critical Thinking Questions

Use the knowledge gained here to fill in the ED Domain column in the attached tables

10. Referring to the Lewis structure for CH4 in the attached tables:

a. How many domains of electrons does the central carbon atom have in CH4?

b. Which electron domain geometry applies to CH4?

c. In the attached tables under the ED domain column, examine the Electron Domain (ED) Geometry provided as an example 
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Note that in drawing ED Geometries:

We use different lines to represent electron domains in order to provide a 3-dimensional perspective to the ED geometry, as needed.  We do not distinguish between the different domain types nor do we indicate angles.
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                               = a domain in the plane of the paper
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                               = a domain receding behind the plane of the paper
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                               = a domain protruding out of the plane of the paper towards the viewer

11. Referring to your Lewis structure for NH3 in the attached tables:

a. How many electron domains does the central nitrogen atom have in NH3?

b. Which electron domain geometry applies to NH3?

c. In the attached tables under the ED domain column, examine the Electron Domain (ED) Geometry provided as an example 

12. Referring to your Lewis structure for H2O in the attached tables:

a. How many electron domains does the central oxygen atom have in H2O?

b. Which electron domain geometry applies to H2O?

c. Draw the ED Geometry for H2O in the attached tables under the ED domain column and name the type.

13. Referring to your Lewis structure for CO2 in the attached tables:

a. How many electron domains does the central carbon atom have in CO2?

b. Which electron domain geometry applies to CO2?

c. Draw the ED Geometry for CO2 in the attached tables under the ED domain column and name the type.

14. Referring to your Lewis structure for NO3-  in the attached tables:

a. How many electron domains does the nitrogen atom have in NO3-?

b. Which electron domain geometry applies to NO3-?

c. Draw the ED Geometry for NO3- in the attached tables under the ED domain column and name the type.

15. Based on the drawings of the different ED Geometry types, what bond angle would you expect for a molecule containing:

a. Two domains of electrons?

b. Three domains of electrons?

c. Four domains of electrons?

16. Check your models of CH4, NH3, H2O, CO2, and NO3-, and based on what you learned in this section modify them if needed. Have your teacher check the models. Your teacher will only tell you which ones are correct and which ones are incorrect. Consider what he says and move one to the next section without attempting to modify your models any further for now. 
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COMPLETE SECTION III BEFORE TURNING PAGE 

SECTION IV

Information: Molecular Geometry

Drawing the molecular geometry represents the next step. Molecular geometry drawings provide more details. Depending on the electron domain types found around the central atom, each ED Geometry type may provide differently named molecular geometries.

Molecular Geometry Types

Linear

Trigonal Planar

Tetrahedral


Critical Thinking Questions

Use the knowledge gained here to fill in the Molecular Geometry column in the attached tables             

17. Referring to the molecular geometry example shown in the attached tables for NH3, state here the additional details provided in comparison to the ED Geometry drawing?


Note: 

             or          = a nonbonding pair
Additionally in a molecular geometry the exact bond types (single, double, triple) must be shown.

18. Draw, including relevant bond/s angle/s, and name molecular geometries for CH4, NH3 (already provided as an example), H2O, CO2, and NO3- in the attached tables under the Molecular Geometry column. 

19. What factor/s affect/s the molecular geometry name?

20. Why is there only one linear molecular geometry name?

21. Referring to Table 1 in Section I and to your models, why do you think that bond angles decrease in going from CH4 to NH3 to H2O?
22. Why are there two bent molecular geometries each one with a different bond angle?

23. Check your models of CH4, NH3, H2O, CO2, and NO3-, and based on what you learned in this section modify them if needed. Have your teacher check the models. Your teacher must approve the models before you go on.
24. Using grammatically correct English sentences, explain how the shape of a molecule can be predicted from its Lewis structure.

Homework

1. Draw Lewis structures, ED and Molecular Geometries for the other molecules listed in the attached tables.  Show models for the ones marked with an asterisk during the class sessions of this inquiry. In the next class discussions, your teacher will provide you with the information needed for completing the remaining columns.  The accurately completed tables (stapled into the lab notebook) along with a well written conclusion constitute your lab report.  In the conclusion section, you must include in detail how Lewis structures, ED geometry, molecular geometry and Hybridization relate to one another. Also state how this guided inquiry lab helped you (or did not) in visualizing shapes and predicting bond angles.
2. Read Moore “Chemistry” chapter 9, pp. 384-392 and 398-405.  Do WebAssign Unit 6 #3: Molecular Geometry and Hybridization.
3. Predict the bond angles and hybridization type around each atom designated with an arrow in arrow in paraaminobenzoic acid (PABA used in sunscreens).  Count the total number of  and  bond for this molecule.


Molecular Geometry Guided Inquiry Tables Name:___________________________  Block: ____

	Molecule


	Lewis Dot Structure

1. Indicate # of Valence e-s

2. Draw structure
	e- Domain (ED) Geometry

X = Central Atom

1. Draw Diagram

2. Name basic ED geo.
	Molecular Geometry

1. Draw diagram 

2. Provide relevant Bond Angle/s

3. Name specific molecular geometry
	Polarity

P or NP
	Hybridiz-ation


	#  Bonds

#  Bonds

	CH4

*


	8 valence e-s   H


      H        C       H

                 H      
	           X

Tetrahedral
	
	
	
	

	NH3

*
	
	           
	                  N                    

        H                   H

                  H
	
	
	

	H2O

*
	
	 
	 
	P 
	sp3 
	 = 2

 = 0

	CO2

*
	
	 
	 
	 
	 
	


* = Must show a model to teacher

Molecular Geometry Guided Inquiry Tables

	Molecule


	Lewis Dot Structure

1. Indicate # of Valence e-s

2. Draw structure
	e- Domain (ED) Geometry

X = Central Atom

1. Draw Diagram

2. Name basic ED geo.
	Molecular Geometry

1. Draw diagram 

2. Provide relevant Bond Angle/s

3. Name specific molecular geometry
	Polarity

P or NP
	Hybridiz-ation


	#  Bonds

#  Bonds

	NO3-

*
	
	 
	
	
	
	

	N2

*
	
	 
	 
	
	
	

	BF3

*
	
	 
	 
	 
	  
	

	HF
*
	
	 
	 
	 
	 
	


* = Must show a model to teacher

Molecular Geometry Guided Inquiry Tables

	Molecule


	Lewis Dot Structure

1. Indicate # of Valence e-s

2. Draw structure
	e- Domain (ED) Geometry

X = Central Atom

1. Draw Diagram

2. Name basic ED geo.
	Molecular Geometry

1. Draw diagram 

2. Provide relevant Bond Angle/s

3. Name specific molecular geometry
	Polarity

P or NP
	Hybridiz-ation


	#  Bonds

#  Bonds

	C2H6
*
	 
	 
	
	
	
	

	C2H4

*
	
	 
	 
	
	
	

	C2H2
*
	
	 
	 
	 
	  
	

	CH2O

*
	
	 
	 
	 
	 
	


* = Must show a model to teacher

Molecular Geometry Guided Inquiry Tables

	Molecule


	Lewis Dot Structure

1. Indicate # of Valence e-s

2. Draw structure
	e- Domain (ED) Geometry

X = Central Atom

1. Draw Diagram

2. Name basic ED geo.
	Molecular Geometry

1. Draw diagram 

2. Provide relevant Bond Angle/s

3. Name specific molecular geometry
	Polarity

P or NP
	Hybridiz-ation


	#  Bonds

#  Bonds

	SO2
	
	 
	
	
	
	

	CHCl3
	
	 
	 
	
	
	

	CCl4
	
	 
	 
	 
	  
	

	N2CI2
	
	 
	 
	 
	 
	


* = Must show a model to teacher

Molecular Geometry Guided Inquiry Tables

	Molecule


	Lewis Dot Structure

1. Indicate # of Valence e-s

2. Draw structure
	e- Domain (ED) Geometry

X = Central Atom

1. Draw Diagram

2. Name basic ED geo.
	Molecular Geometry

1. Draw diagram 

2. Provide relevant Bond Angle/s

3. Name specific molecular geometry
	Polarity

P or NP
	Hybridiz-ation


	#  Bonds

#  Bonds

	H3O+
	 
	 
	
	
	
	

	SO3
	
	 
	 
	
	
	

	PH3
	
	 
	 
	 
	  
	

	O2
	
	 
	 
	 
	 
	


* = Must show a model to teacher

Instructor Notes

1. This inquiry lab was adapted from Chem Activity 18 found in “Chemistry: A Guided Inquiry”, Richard S. Moog and John J. Farrell, 2006, 3rd edition, John Wiley & Sons.

2. To complete the inquiry, students will require a minimum of 90 minutes.  The homework assignment will require additional time.

3. To make sure that the experience runs smoothly for the students you will need to very actively move from table to table, assisting the students with questions and hints, so that they can clear up any uncertainties.

4. There is a strong temptation as a teacher to give them the answers and show them the actual molecular geometries early on the process.  It is very important for you not to do so but rather let them derive the concepts on their own.

If you have questions or you want a digital copy of this guided inquiry-dry lab, you can contact me at:

Guido Gabbrielli

National Board Certified Chemistry Teacher

NC School of Science and Math - UNC University System

1219 Broad Street

Durham, NC 27705 USA

Tel: 919-416-2782

Fax: 919-416-2955
109.50 (actually 1070)
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