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ALL ABOUT THE SHAPE

Atoms in Space
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any molecule based on the number and relative position of  
the electrons.

For example, we know that a molecule with two atoms will 
always take a linear shape. There is simply no other way to con-
nect two atoms with one bond. All molecules containing just two 
atoms will be linear, regardless of what the atoms are made of.

Carbon monoxide is a classic example of a two-atomed mol-
ecule. The carbon and oxygen have a triple bond between the 
atoms, and since there are only two atoms, it always maintains 
a linear shape. This odorless, colorless gas is quite f lammable, 
but it is also very dangerous. When you inhale it, the tiny mol-
ecule binds to the hemoglobin in your blood and kicks out any 
oxygen molecules. This is why too much of “the silent killer” 
can be fatal.

Through Gillespie and Nyholm’s extensive research, this dy-
namic duo was able to extend this model to molecules with any 
number of atoms. The underlying idea that makes this theory 
work is something you already learned—that electrons will al-
ways repel other electrons.

I like to think of electrons as needing elbow room in the 
molecule, meaning each bond wants to be as far away from all 
of the other bonds in the molecule as possible. The position of 
the electrons in any given molecule is referred to as the elec-
tronic geometry of the molecule. And remember this is all about 
electrons—so the geometry is about how many electrons there 
are and where they’re positioned within their bonds.

Gillespie and Nyholm proposed five main electronic geom-
etries to describe the distributions of the electrons across a mol-
ecule. I know it may seem like the shape of the molecule is not 
that important, but it actually helps us to determine how the 
electrons are arranged within a molecule. Are they distributed 
evenly? Unevenly? When we combine the electronegativity 
factor with the overall shape of the molecule, we will finally 
be able to determine how two molecules react with each other.
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ecules with six atoms. We still have one atom above the plane 
and one atom below the plane. But now, there are four atoms 
spread 90° apart along the plane—or four X atoms shooting 
from your left hip, right hip, left ass, and right ass. This shape is 
called octahedral because all of these molecules have eight faces. 

The best example of an octahedral molecule—by far—is sul-
fur hexaf luoride (SF6). If you inhale this gas, your voice will 
drop to a much lower register to give you the opposite effect 
of inhaling helium gas. (It’s also the gas behind “Fartgate” on 
The Wendy Williams Show. Look it up. The viral video involves 
yours truly).

VSEPR helps scientists to know how the electrons are arranged 
around the central atom of a molecule. But some molecules—like 
the caffeine in coffee, the ethanol in beer, and the carbohydrates 
in chips—have more than one central atom. In these cases, we 
combine the geometries of all the internal central atoms to de-
termine the overall shape of the big molecule. 

Let’s look at an example of how this is done with molecules 
that contain more than fifty atoms, like cis and trans fats.

A few years ago, the United States Food and Drug Admin-
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est one in the above table, nicknamed “sausage with a double 
donut,” which looks just like the pz orbital wearing two inner 
tubes around its waist.

In an atom, seven f orbitals are stacked upon each other, 
which allows the molecule to minimize repulsions between 
the fourteen electrons (7 orbitals × 2 electrons per orbital = 14 
electrons). But that requires forming an even crazier f lowerlike 
structure. Because the f orbitals are mostly used in radioactive 
chemistry (and not in everyday chemistry), all you really need 
to know about them is that they have intricate shapes.

Regardless of the shape though, it’s important to remember 
that each s, p, d, and f atomic orbital can only accommodate two 
electrons, and the electrons spin in opposite directions to min-
imize the interactions. And now that we know how electrons 
move within an atom, we can look deeper into how orbitals 
from different atoms overlap to form bonds and share electrons. 

The first kind of bond that I’m going to discuss is called head-
on overlap. This occurs when two orbitals overlap in one place.

Picture a typical Venn diagram that has three circles. If you 
remove one of the circles, you will be left with essentially two 
s orbitals. These two circles overlap in one place, which is ex-
actly what happens when two s orbitals form a bond. The two 
spheres overlap with each other to form a single bond, which 
we refer to as a sigma bond.

When the sigma bond is formed, atom A’s electrons now have 
a direct pathway to move toward atom B’s protons (assuming 
that atom B is more electronegative than atom A).

But s orbitals aren’t limited to bonding with their own kind. 
They can also form sigma bonds from head-on overlap with p 
orbitals. The new bond is formed when the s orbital overlaps 
with one lobe of the p orbital. If you take our two-circled 
Venn diagram and convert one of the circles to a figure eight, 
this image would model the bonding between an s orbital 
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LET’S GET PHYSICAL

Solids, Liquids, and Gases
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There are two different ways that the electrons can distribute 
themselves across a molecule, giving us polar and nonpolar mol-
ecules. If the molecule can be split in half symmetrically, then it 
is considered to be a polar molecule. This means that electrons 
are not perfectly distributed across a molecule. Instead, there is 
a positive side and a negative side—just like a standard magnet.

Let’s look more closely at how the electrons are distributed 
in water. Like I mentioned earlier, the oxygen in water carries 
a partially negative charge. Therefore, both hydrogens carry 
partially positive charges. This is true for every single water 
molecule on Earth. The oxygen is always partially negative and 
the hydrogens are always partially positive. In these situations, 
we can actually divide the molecule in half to give us one posi-
tive side and one negative side, creating poles on the molecule.
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BONDS ARE MEANT  
TO BE BROKEN

Chemical Reactions
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A generic chemical equation looks like this:

Reactants → Products

Or like this:

A + B + C → D

9



If more energy is put into the reaction than released, then 

the total energy for the reaction is positive. The energy changes 

are defined as endothermic.
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When the new bonds are stronger than the original bonds, 

the reaction is exothermic. Energy is released because the reac-

tants start at higher energy than the products. 
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Periodic Table of Elements

12



SELECTED BIBLIOGRAPHY

Alberts, Bruce, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, and 

Peter Walter. Molecular Biology of the Cell. New York: Garland Science, 2002.

Atkins, Peter, and Loretta Jones. Chemical Principles. New York: W. H. Freeman 

and Company, 2005.

The American Chemical Society. Flavor Chemistry of Wine and Other Alcoholic 

Beverages. Portland: ACS Symposium Series eBooks, 2012. PDF e-book.

The American Chemical Society. Chemistry in Context. New York: McGraw-Hill 

Education, 2018.

The American Chemical Society. Flavor Chemistry of Wine and Other Alcoholic 

Beverages. United Kingdom: OUP USA, 2012.

Aust, Louise B. Cosmetic Claims Substantiation. New York: Marcel Dekker, 1998.

Barel, André, Marc Paye, and Howard I. Maibach, ed. Handbook of Cosmetic 

Science and Technology. Boca Raton: Taylor & Francis Group, 2010.

Barth, Roger. The Chemistry of Beer. Hoboken: John Wiley & Sons, Inc., 2013.

Belitz, Hans-Dieter, Werner Grosch, and Peter Schieberle. Food Chemistry. Berlin 

Heidelberg: Springer-Verlag, 2009.

Beranbaum, Rose Levy. The Pie and Pastry Bible. New York: Scribner, 1998.

13



Black, Roderick E., Fred J. Hurley, and Donald C Havery. “Occurrence of 

1,4-dioxane in cosmetic raw materials and finished cosmetic products.” Journal 

of AOAC International 84, no. 3 (May 2001): 666–670.

Bouillon, Claude, and John Wilkinson. The Science of Hair Care. Abingdon: 

Taylor & Francis, 2005.

Boyle, Robert. The Sceptical Chymist. London: J. Cadwell, 1661.

Crabtree, Robert H. The Organometallic Chemistry of the Transition Metals. 

Hoboken: Wiley-Interscience, 2005.

The Editors of Cook’s Illustrated. The New Best Recipe. Brookline: America’s Test 

Kitchen, 2004.

E ̌ge, Seyhan. Organic Chemistry. Boston: Houghton Mifflin Company, 2004.

Feyrer, James, Dimitra Politi, and David N. Weil. “The Cognitive Effects of 

Micronutrient Deficiency: Evidence from Salt Iodization in the United States.” 

Journal of the European Economic Association 15, no. 2 (April 2017): 355–387.

“Foundations of Polymer Science: Wallace Carothers and the Development of 

Nylon.” American Chemical Society National Historic Chemical Landmarks. 

American Chemical Society. Accessed March 12, 2020. http://www.acs.org/

content/acs/en/education/whatischemistry/landmarks/carotherspolymers.html.

Fromer, Leonard. “Prevention of anaphylaxis: the role of the epinephrine auto-injector.” 

The American Journal of Medicine 129, no. 12 (August 2016): 1244–1250.

Fuss, Johannes, Jörg Steinle, Laura Bindila, Matthias K. Auer, Hartmut Kirchherr, 

Beat Lutz, and Peter Gass. “A runner’s high depends on cannabinoid receptors in 

mice.” PNAS 112, no. 42 (October 2015): 13105–13108.

14



“Gchem.” McCord, Paul, David Vanden Bout, and Cynthia LaBrake. The University 

of Texas. Accessed December 20, 2019. https://gchem.cm.utexas.edu/.

Goodfellow S.J., and W.L. Brown. “Fate of Salmonella Inoculated into Beef for 

Cooking.” Journal of Food Protection 41, no. 8 (August 1978): 598–605.

Green, John, and Hank Green. Vlogbrothers’ YouTube page. Accessed May 15, 

2020. https://youtu.be/rMweXVWB918?t=75.

Guinn, Denise. Essentials of General, Organic, and Biochemistry. New York: W. 

H. Freeman and Company, 2014.

Halliday, David, Robert Resnick, and Jearl Walker. Fundamentals of Physics. Hobo-

ken: John Wiley & Sons, Inc., 2014.

Hammack, Bill, and Don DeCoste. Michael Faraday’s The Chemical History of a 

Candle with Guides to the Lectures, Teaching Guides & Student Activities. United 

States: Articulate Noise Books, 2016.

Higginbotham, Victoria. “Copper Intrauterine Device (IUD).” Embryo Project Ency-

clopedia (July 2018): 1940–5030.

Hodson, Greg, Eric Wilkes, Sara Azevedo, and Tony Battaglene. “Methanol in 

wine.” 40th BIO Web of Conferences 9, no. 02028 (January 2017): 1–5.

Horton, H. Robert, Laurence A. Moran, Raymond S. Ochs, J. David Rawn, and 

K. Gray Scrimgeour. Principles of Biochemistry. Upper Saddle River: Prentice Hall, 

Inc., 2002.

Housecroft, Catherine E., and Alan G. Sharpe. Inorganic Chemistry. Harlow: 

Pearson, 2018.

15



“How Big Is a Mole? (Not the animal, the other one.)” Daniel Dulek. TED Talk. 

Accessed August 3, 2019. https://www.ted.com/talks/daniel_dulek_how_big_

is_a_mole_not_the_animal_the_other_one/transcript?language=en.

Iizuka, Hajime. “Epidermal turnover time.” Journal of Dermatological Science 8, 

no. 3 (December 1993): 215–217. https://linkinghub.elsevier.com/retrieve/

pii/0923181194900574.

Karaman, Rafik. Commonly Used Drugs: Uses, Side Effects, Bioavailability and 

Approaches to Improve It. United States: Nova Science Incorporated, 2015.

King Arthur Flour. The All-Purpose Baking Cookbook. New York: The Countryman 

Press, 2003.

Koltzenburg, Sebastian, Michael Maskos, and Oskar Nuyken. Polymer Chemistry. 

Berlin Heidelberg: Springer-Verlag, 2017.

Lynch, Harry J., Richard J. Wurtman, Michael A. Moskowitz, Michael C. Archer, 

and M.H. Ho. “Daily rhythm in human urinary melatonin.” Science 187, no. 4172 

(January 1975): 169–171.

“Making sense of our senses.” Maxmen, Amy. Science. Accessed February 2020. 

https://www.sciencemag.org/features/2013/11/making-sense-our-senses.

Marks, Lara. Sexual Chemistry. New Haven, London: Yale University Press, 2010.

McGee, Harold. On Food and Cooking. New York: Scribner, 2004.

Moberg, Kerstin Uvnäs. The Oxytocin Factor. London: Pinter & Martin, 2011.

Nehlig, Astrid, Jean-Luc Daval, and Gerard Debry. “Caffeine and the central 

16



nervous system: mechanisms of action, biochemical, metabolic and psychostimulant 

effects.” Brain Research Reviews 17, no. 2 (May 1992): 139–170.

Norman, Anthony W., and Gerald Litwack. Hormones. San Diego, California: 

Academic Press, 1997.

“Nylon: A Revolution in Textiles.” Audra J. Wolfe. Science History Institute. Accessed 

March 14, 2020. http://sciencehistory.org/distillations/magazine/nylon-a-

revolution-in-textiles.

O’Lenick, Anthony J., and Thomas G. O’Lenick. Organic Chemistry for Cosmetic 

Chemists. Carol Stream: Allured Publishing, 2008.

Oxtoby, David W., H.P. Gillis, and Alan Campion. Principles of Modern Chem-

istry. Belmont: Brooks/Cole, 2012.

“Parabens in Cosmetics.” U.S. Food & Drug Administration. Accessed September 

14, 2019. https://www.fda.gov/cosmetics/cosmetic-ingredients/parabens-

cosmetics.

Partington, James Riddick. A Short History of Chemistry. New York: Dover Publi-

cations, 1989.

“Periodic Table of Elements.” International Union of Pure and Applied Chemistry. 

Accessed October 20, 2019. https://iupac.org/what-we-do/periodic-table-of-

elements/.

“Pheromones Discovered in Humans.” Boyce Rensberger. Athena Institute.  

Accessed March 3, 2020. ht tp://athenainstitute.com/mediaarticles/

washpost.html.

17



Richards, Ellen H. The Chemistry of Cooking and Cleaning. Boston: Estes &  

Lauriat, 1882.

Roach, Mary. Bonk: The Curious Coupling of Science and Sex. New York,  

London: W. W. Norton & Company, 2008.

Robbins, Clarence R. Chemical and Physical Behavior of Human Hair. New York: 

Springer Science+Business Media, LLC, 1994.

Sakamoto, Kazutami, Robert Y. Lochhead, Howard I. Maibach, and Yuji Yamashita. 

Cosmetic Science and Technology. Amsterdam: Elsevier Inc., 2017.

Scheele, Dirk, Nadine Striepens, Onur Güntürkün, Sandra Deutschländer, 

Wolfgang Maier, Keith M. Kendrick, and René Hurlemann. “Oxytocin modulates 

social distance between males and females.” Journal of Neuroscience 32, no. 46 

(November 2012): 16074–16079.

Scheer, Roddy, and Doug Moss. "Should People Be Concerned about 

Parabens in Beauty Products?" Scientific American, October 2014, https://

www.scientificamerican.com/article/should-people-be-concerned-about- 

parabens-in-beauty-products/.

Simons, Keith J., and F. Estelle R. Simons. “Epinephrine and its use in anaphylaxis: 

current issues.” Current Opinion in Allergy and Clinical Immunology 10, no. 4 

(August 2010): 354–361.

Smith, K.R., and Diane Thiboutot. “Sebaceous gland lipids: friend or foe?” Journal 

of Lipid Research 4 (November 2007): 271–281.

Spellman, Frank R. The Handbook of Meteorology. Plymouth: Scarecrow Press, 

Inc., 2013.

18



Spriet, Lawrence L. “New Insights into the Interaction of Carbohydrate and Fat 

Metabolism During Exercise.” Sports Medicine 44, no. 1 (May 2014): 87–96.

Society of Dairy Technology. Cleaning-in-Place: Dairy, Food and Beverage 

Operations. Oxford: Blackwell Publishing, 2008.

Srinivasan, Shraddha, Kriti Kumari Dubey, Rekha Singhal. “Influence of food com-

modities on hangover based on alcohol dehydrogenase and aldehyde dehydro-

genase activities.” Current Research in Food Science 1 (November 2019): 8–16.

“Sunscreens and Photoprotection.” Gabros, Sarah, Trevor A. Nessel, and Patrick 

M. Zito. StatPearls Publishing. Accessed January 15, 2020. https://www.ncbi.

nlm.nih.gov/books/NBK537164/.

Tamminen, Terry. The Ultimate Guide to Pool Maintenance. New York: McGraw-

Hill Education, 2007.

The Royal Society of Chemistry. Coffee. Croydon: CPI Group (UK), 2019.

“This 16-year-old football player lifted a car to save his trapped neighbor.” Ebrahimji, 

Alisha. CNN. Accessed January 19, 2020. http://cnn.com/2019/09/26/us/

teen-saves-neighbor-car-trnd/index.html.

Toedt, John, Darrell Koza, and Kathleen Van Cleef-Toedt. Chemical Composition 

of Everyday Products. Westport: Greenwood Press, 2005.

Tosti, Antonella, and Bianca Maria Piraccini. Diagnosis and Treatment of Hair Dis-

orders. Abingdon: Taylor & Francis, 2006.

Tro, Nivaldo J. Chemistry. Boston: Pearson, 2017.

19



Waterhouse, Andrew Leo, Gavin L. Sacks, and David W. Jeffery. Understanding 

Wine Chemistry. Chichester: John Wiley & Sons, Inc., 2016.

Wermuth, Camille Georges, David Aldous, Pierre Raboisson, Didier Rognan, ed. 

The Practice of Medicinal Chemistry. London, England: Academic Press, 2015.

Young, David, John D. Cutnell, Kenneth W. Johnson and Shane Stadler. Physics. 

Hoboken: John Wiley & Sons, Inc., 2015.

“Your Guide to Physical Activity and Your Heart.” National Institutes of Health, 

National Heart, Lung, and Blood Institute. Accessed March 23, 2020. http://

nhlbi.nih.gov/files/docs/public/heart/phy_activ.pdf.

Zakhari, Samir. “Overview: How is Alcohol Metabolized by the Body?” Alcohol 

Research & Health 29, no. 4 (2006): 245–254.

Zumdahl, Steven S. Chemical Principles. Belmont: Brooks/Cole, 2009.

Zumdahl, Steven S., Susan A. Zumdahl, and Donald J. DeCoste. Chemistry.  

Boston: Cengage Learning, 2018.

20



GLOSSARY

Acid: a molecule with a pH lower than 7

Aerobic: a reaction that needs oxygen to occur

Alcohol: molecules (usually hydrocarbons) that contain an oxygen-hydrogen 

covalent bond

Amino acids: molecules that contain only carbon, hydrogen, nitrogen, and 

oxygen, atoms that are necessary for human life

Anaerobic: a process that occurs without the presence of oxygen

Anion: a negatively charged atom

Aromatic: molecules that are fragrant in nature

Atom: the fundamental building block of matter (contains protons, neutrons, and 

electrons)

Atomic mass: the sum of the protons and weighted average of neutrons in 

an atom

Atomic number: the number of protons in an atom

Base: a molecule with a pH greater than 7

21



Bond: a chemical interaction between two atoms (usually by sharing or trans-

ferring electrons)

Carbohydrates: the sugar and starch molecules in our foods

Catalyst: a molecule that provides an alternate pathway for a chemical reac-

tion (and usually increases the rate of reaction)

Cation: a positively charged atom

Cis: the orientation that occurs when both functional groups are on the same 

side of the molecule

Covalent bond: an interaction that occurs when two atoms share electrons

Density: the relative mass occupied by a substance in a specific volume

Dipole-dipole: IMFs that occur between two polar molecules

Dispersion forces: IMFs that occur between two nonpolar molecules

Electrolytes: ionic species (or salts)

Electromagnetic radiation: electromagnetic waves that propagate through 

space in the form of radio, microwave, infrared, visible, ultraviolet, X-ray, and 

gamma radiation

Electron: a negatively charged particle located outside of the nucleus of an atom

Electronegativity: a measure of how attracted one atom’s electrons are to 

another atom’s nucleus
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Element: a collection of atoms with the same number of protons (and physical/

chemical properties)

Endothermic: a process that absorbs energy (becomes colder)

Enzymes: naturally occurring molecules that act like catalysts to cause a chemi-

cal reaction (often within the human body)

Exothermic: a process that releases energy (becomes warmer)

Fatty acids: a long molecule that has a nonpolar end (hydrocarbons) and a 

polar end (a carboxylic acid)

Functional groups: one part of the molecule that greatly affects the chemical 

reactivity of the entire molecule

Glucose: a monosaccharide (sugar) with the molecular formula C6H12O6

Hormone: a molecule that carries “messages” from one place to another in 

the body

Hydrocarbon: a molecule that contains only hydrogen and carbon atoms

Hydrogen bonding: IMFs that occur between two molecules that each contain 

covalent bonds between hydrogen and either nitrogen, oxygen, or fluorine atoms

Hydrophobic: a nonpolar molecule that repels water

Intermolecular forces (IMFs): attractions that occur between molecules

Intramolecular forces: attractions within the molecule (usually bonds be-

tween atoms)
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Ion: a charged atom (it can be positive or negative)

Ionic bond: an interaction that occurs when one atom transfers electrons to 

another atom

Isotopes: two or more elements that have the same number of protons, but a 

different number of neutrons

Macroscopic: something that can be observed with the human eye (without 

special instruments)

Mass number: the number of protons and neutrons in an atom

Microscopic: something that cannot be observed with the human eye (without 

special instruments)

Molecule: a substance that contains two or more atoms

Neutron: a neutrally charged particle located in the nucleus of an atom

Nonpolar: a molecule (or bond) that has an even distribution of electrons

Nucleus: the center of the atom (contains protons and neutrons)

Peptide: a molecule made of two or more amino acids

Polar: a molecule (or bond) that has an uneven distribution of electrons

Polymer: large molecules of repeating units

Polypeptides: the protein molecules in our foods
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Proton: a positively charged particle located in the nucleus of an atom

Thermal energy: kinetic energy in the form of heat

Trans: the orientation that occurs when both functional groups are on the oppo-

site side of the molecule

Triglycerides: the molecules in fats and oils in our foods

Valence electron: electrons in the outer layer of the atom

Vaporization: the phase change that occurs when a liquid changes into a gas
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