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Introduction 
Molecules have shape! The structure and shape of a molecule influences its physical properties and affects its chemical 

behavior as well. In this activity, you will examine the structures of molecules by creating their geometric shapes from paper using 
origami techniques. VSEPR theory offers a useful model for visualizing the structures of covalent compounds. 

Concepts 
Valence electrons Covalent bonding VSEPR theory 

Background 
According to the Valence Shell Electron Pair Repulsion (VSEPR) theoiy, the valence electron pairs that surround an atom 

repel each other due to their like negative charges. In order to minimize this repulsion, the electron pairs are positioned around the 
atom so that they are as far apart as possible. The resulting symmetrical arrangement of electron pairs around atoms can be used 
to predict molecular geometry-the three-dimensional structure and shape of a molecule. Two pairs of electrons around an atom 
should adopt a linear arrangement, three pairs a trigonal planar arrangement, and so on. 

The three-dimensional structure of a molecule is affected by the spatial arrangement of all the electron pairs-both bonding 
and nonbonding-around the central atom. However, only the physical arrangement of the atonzs is used to describe the result- 
ing nlolecular geometry. This is best illustrated using an example. The Lewis structure of the water molecule is shown as the first 
example in Figure 1-there are four pairs of valence electrons around the central oxygen atom. Two pairs of electrons are involved 
in bonding to hydrogen atoms, while the other two electron pairs are unshared pairs. Four pairs of electrons around an atom will 
adopt a tetrahedral arrangement in space, to be as far apart in space as possible, as depicted in the second example in Figure 1. For 
this representation, the symbol " """'""'" shows one lone pair of electrons extending behind the plane of the paper. The symbol 
" 7, shows one lone pair of electrons extending in front of the plane of the paper, while the symbols "-" represent the 
hydrogen-oxygen bonds positioned in the plane of the paper. As a result, the two hydrogen atoms and the oxygen atom occupy a 
"bent" (inverted-V) arrangement, as seen in the third example in Figure 1. 

Figure 1. Lewis Structure of Water and Its Molecular Geometry. 

When two atoms are linked via a double 01. triple bond (with two or three bonding pairs of electrons, respectively), the mul- 
tiple electron pairs between the atoms must be considered together when determining the shape of the molecule. Carbon dioxide 
provides a good example (Figure 2). The central carbon atom is linked to two oxygen atoms by two double bonds. The resulting 
arrangement of atoms is linear-both electron pairs in each double bond are considered to be one electron group that must be in 
approximately the same region, near the oxygen atom. 

Figure 2. Lewis Structure of Carbon Dioxide and Its Molecular Geometry. 
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Experiment Overview 
The purpose of this activity is to construct six models of VSEPR molecular geometrics from paper using origami folding 

techniques. 

Pre-Lab Questions (Use a separate sheet of paper to answer the questions.) 

1. Write the Lewis electron-dot symbol for each of the following atoms: hydrogen, boron, nitrogen, silicon, sulfur, and bromine. 

2. What information about a molecule does its Lewis structure provide? What information is neither shown nor implied in the 
Lewis structure? 

3. There are several exceptions to the octet rule. 

a. Based on its electron configuration, explain why hydrogen can only have two valence electrons around it when it bonds 
to other atoms. What is the maximum number of bonds hydrogen will form? 

b. Neutral compounds of boron may be described as "electron-deficient." Based on its electron configuration, predict how 
many covalent bonds boron will form. Is this the maximum number of bonds boron will form? Hint: Boron forms poly- 
atomic ions. 

c. Many elements in the thud row and beyond in the periodic table may form more than four bonds and thus appear 
to have "expanded octets." Phosphorus and sulfur, for example, may form five and six covalent bonds, respectively. 
Count up the total number of valence electrons in PCIS and draw its Lewis structure. How many valence electrons are 
"counted" toward the central P atom? 

Materials 
Molecular geometric forms, 6 

Scissors 

Tape, transparent 

Safety Precautions 

Although this activity is considered nonhazardous, observe all normal laboratory safety guidelines. 

Procedure 
Part A. MX, Geometry-Trigonal Pyramidal 

1. Cut out form. 

2, Make all folds. For dotted lines, - - -, fold faces together; for solid lines, -, fold faces apart. 

3. Fold dark, excess flaps between faces labeled 1 and labeled 3 together and tape the flap to the back of face 3. Make sure 
sides 1,2, and 3 face each other. 

4. Fold dark, excess flaps between faces labeled 1 and 2 together and tape the flap to the back of face 2. Make sure sides 1,2, 
and 3 face away from each other. 

5. Fold sides labeled 1 together. Tape the edges of sides labeled 2 and the sides labeled 3. 

Part B. MX, Geometry-Tetrahedral 

I. Cut out form. 

2, Make all folds. For dotted lines, - - -, fold faces together; for solid lines, -, fold faces apart. 

3. Fold the dark excess flaps between faces 2 and 5 together and tape the flap to the back of side 5. Make sure sides 2 ,5 ,  and 
6 face each other. 

4. Repeat step 3 for each of the three remaining dark flaps. 
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5. Fold faces 1 together, then fold faces 2 together. Tape edges of sides 5 together. 

6. Fold faces 3 together. Tape edges of sides 6 together, then tape edges of sides 4 together. 

Part C. MX4 Geometry-Seesaw 

1. Cut out form. 

2, Make all folds. For dotted lines, - - -, fold faces together; for solid lines, -, fold faces apart. 

3. Spread the form out flat. 

4. Pick up the form and fold faces labeled 1 together. 

5. Fold the dark areas between faces 3 and 4 together. 

6. Place the excess fold flush with the back of face 3 and tape the flap in place. Sides 1, 3, and 4 should face each other (see 
Figure 3). 

Figure 3. 

7. Rotate the form around face 1 and repeat steps 5 and 6 for faces 5 and 2, placing the excess fold flush with the back of face 
5. Sides 1,2, and 5 should face each other. 

8. Fold faces 2 together, then fold faces 3 together, making sure the dark excess area is folded in (see Figure 4). 

Figure 4. 

9. Repeat step 8 for faces 4 and 5. 

10. Tape faces 4 and 3 together, then faces 5 and 2. 

Part D. MX, Geometry-Square Pyramidal 

1. Cut out form. 

2, Make all folds. For dotted lines, - - -, fold faces together; for 
solid lines, -, fold faces apart. 

3. Fold the dark, excess flaps between faces 6 and 1 together, then 
bend the flap flush against the back of face 6 and tape. Sides 7,6, 
and 1 should face each other (see Figure 5). 

4. Repeat step 3 for the other 3 outside squares. 

5. Place faces 2 together, then faces 3 together, then faces 4, and 
faces 1. Tape faces 5 edges together, then face 7 edges, then 6 
edges, then 8 edges. 

Figure 5. 
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Part E. MX5 Geometry-Trigonal Bipyramidal 

1. Cut out form. 

2, Make all folds. For dotted lines, - - -, fold faces together; for solid lines, -, 
fold faces apart. 

3. Fold the excess flaps between faces 6 and 8 together, then bend the flaps flush 
against the back of face 8 and tape. Sides 8,6, and 2 should face each other (see 
Figure 6) .  

4. Repeat step 3 for the other three corners. 

5. Fold the excess flaps between faces 5 and 2 together, then bend the flaps flush 
against the back of face 5 and tape. Sides 3,5, and 2 should face each other. 

6. Repeat step 5 for faces, 1,3, and 4. 

7. Fold faces 8 together, then tape the edges together. 

8. Fold faces 9 together, then tape the edges together. 

9. Tape edges of 7 together, then edges 6. 

Part F. MX, Geometry-Octahedral Figure 6. 

1. Cut out form. 

2, Make all folds. For dotted lines, - - -, fold faces together; for solid lines, -, fold faces apart. 

3. Fold faces 1 together. 

4. Close the dark excess flaps between faces 6 and 4 together and the excess flaps between 3 and 5. Fold the flaps over and 
secure with tape to the back of faces 4 and 5, respectively. 

5. Repeat steps 3 and 4 for faces labeled 2. 

6. On the end with two faces labeled 9, fold the dark area along the dotted 
line so that sides 7, 12, and 9 face each other and sides 8,9, and 10 also 
face each other (see Figure 7). 

7. Repeat step 6 for the other end with two faces labeled 11. 

8. Fold faces 7 and faces 8 together, then tape faces 9 together along the 
outside. 

9. Fold faces 6 and faces 5 together, then tape faces 11 together along the 
outside edge. 

10. Tape faces 10 together along edge. 

1 1. Tape faces 12 together along edge. 

Figure 7. 
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Name: 

VSEPR Origami Worksheet 
Post-Lab Questions 

1. Draw the Lewis structures for each of the following. 

a. BF3 

b. NH, 

c. SO, 

Which molecule(s) has the pyramidal geometry? 

2. Draw the Lewis structures for each of the following. 

a. XeF, 

b. SF, 

Which molecule(s) has the tetrahedral geometry? 

3. Draw the Lewis structures for each of the following. 

a. NH4+ 

b. SF, 

Which molecule(s) has the seesaw geometry? 

4. Draw the Lewis structures for each of the following. 

a. PF, 

b. CIF, 

What is the molecular geometry for each of these molecules? 
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1 

H 
Hydrogen 

I.M)8 ~ ~~. 

I A IIA I IIIB I IVB I VB I VIB I VIIB I VIIIB ( IB I IIB I IIIA I N A  

1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 1 0 1 1 1 1 1 2 1 1 3 1 1 4  

3 

Li 
Lilhium 
6.94 

Boron 
10.81 12.01 

26.98 28.09 

19 20 21 22 23 24 25 26 27 28 29 30 31 32 

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge 
Passium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Capper Zinc Gallium Gamaniom 

39.10 40.08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 

37 38 39 40 41 

Rb Sr Y Zr Nb 
Rubidium Strontium Ymiurn Zimnium Niobium 

85.47 87.62 88.91 91.22 92.91 

55 56 72 73 

Cs Ba Hf Ta 57-7 1 

Cesium Barium La-Lu Hafnium Tantalum 
132.91 137.33 178.49 180.95 * 

42 

Mo 
MolyMcnum 

95.94 

74 

W 
Tungsten 
183.85 

43 

T i % l & & ~ d ~ ~ d ~  
Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Ti  

98.91 101.07 102.91 106.42 107.87 112.41 114.82 118.71 

VIIIA 

18 

10 

Ne 
Neon 
20.18 

18 

Ar 
Argon 
39.95 

54 

Xe 
Xenon 
131.29 

86 

m 
Radon 
222.02 

Atomic * 
Number 

Symbol 

6.94 # 
Average 
Atomic 

Mass 
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69 

Tm 
Thulium 
168.93 

101 

MWMI 
Mcnddcvium 

258.10 

57 

La 
h r h a n u m  

138.91 

89 

AC 
Aclinim 
227.03 

67 

Ho 
Holmium 
164.93 

99 

IES 
Einsteinium 
252.08 

70 

Yb 
Ynerbium 
173.04 

102 

NO 
Nobelium 

259.10 

68 

Er 
Erbium 
167.26 

100 

Fcrmiom 

257.10 

58 

Ce 
Cerium 
140.12 

90 

~h 
Thorium 
232.04 

71 

Lu 
l.utctium 
174.97 

103 

~r 
Lawrencium 

260.10 

59 

Pr 
Rascadymium 

140.91 

91 

Pa 
Ro~adnium 

231.04 

60 

Nd 
Neodymium 

144.24 

92 

u 
Uranium 
238.03 

61 

Wnm 
Romuhium 

146.92 

$p 
Neptunium 

237.05 

62 

Sm 
Samarium 

150.36 

94 

Flutonium 
244.06 

63 

Eu 
Eumpium 
151.96 

95 

Amcriciurn 
243.06 

64 

Gd 
Gadolinium 

157.25 

96 

m 
Cwium 
247.07 

65 

Tb 
Terbium 
158.93 

97 

B 
Berkelium 
247.07 

;y 
Dysprosium 

162.50 

98 

CY 
Californium 

251.08 



Teacher's Notes continued 

Supplemental Information 
Completed Geometries 

Trigonal Pyramidal Tetrahedral 

Seesaw Square Pyramidal 

Trigonal Bipyramidal Octahedral 

- 10- 
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Trigonal Pyramidal 
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- - - - - - - - - 

Tetrahedral 

BAW 167A 



Seesaw 
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Square Pyramidal 



Trigonal Bipyramidal 
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Trigonal Planar 



Linear 
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