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4.1: Chemical Bonds and Compound Formation

Chemical compounds consist of molecules or aggregates of ions composed of two or more elements held together by chemical
bonds. Several examples of chemical compounds including water (H,0), ammonia (NH3), and sodium chloride (NaCl) were given
in earlier chapters. This chapter addresses chemical compounds in more detail, including aspects of their green chemistry.

A crucial aspect of chemical compounds consists of the kinds of bonds that hold them together. As noted earlier, these may be
covalent bonds composed of shared electrons or ionic bonds consisting of positively charged cations and negatively charged
anions. The strengths of these bonds vary and are important in determining compound behavior. For example, chlorofluorocarbons,
such as dichlorodifluoromethane, Cl,CF5, are so stable that they persist in the atmosphere and do not break down until reaching
very high altitudes in the stratosphere, where the release of chlorine atoms destroys stratospheric ozone. The extreme stabilities of
the chlorofluorocarbons are due to the very high strengths of the C-Cl and C-F bonds by which chlorine and fluorine are bonded to
a central carbon atom. The proper practice of green chemistry requires that substances that get released to the environment break
down readily. Since Cl,CF; is so stable when released to the atmosphere, it cannot be regarded as being a very good green
chemical.

Another important aspect of the way in which chemical compounds are put together is molecular structure, which refers to the
shape of molecules. Consider the Cl,CF, compound just mentioned in which the Cl and F atoms are bonded to a single carbon
atom. To represent this molecule as the flat structure (below)
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is not totally correct because not all of the 5 atoms in the compound lie in the same plane. Instead, the F and Cl atoms can be
visualized as being distributed as far apart as possible in three dimensions around a sphere, at the center of which is the C atom.
This can be represented as
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where the two Cl atoms are visualized as being above the plane of the book page toward the reader and the two F atoms are
represented as being below the plane of the page away from the reader. The shape of molecules is very important in determining
the ways in which they interact with other molecules. For example, the molecules of enzymes that enable metabolism to occur in
living organisms recognize the substrate molecules upon which they act by their complementary shapes.

What Are Green Chemical Compounds?

Chemical compounds vary markedly in the degree to which they are “green.”Dichlorodifluoromethane, CIl,CF,, the
chlorofluorocarbon discussed above, is definitely not green. That is not because it is toxic — it is one of the least toxic synthetic
compounds known — but because it is so extremely stable and persistent in the atmosphere and can cause stratospheric ozone
destruction. The compounds that have replaced it, the hydrofluorocarbons and hydrochlorofluorocarbons, are much more green
because they do not last long when released in the atmosphere or do not contain ozone-damaging chlorine.

There are several characteristics of compounds that meet the criteria of being green. These are the following:

* Preparation from renewable or readily available resources by environmentally friendly processes

» Low tendency to undergo sudden, violent, unpredictable reactions such as explosions that may cause damage, injure personnel, or
cause release of chemicals and byproducts to the environment.
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» Nonflammable or poorly flammable

» Low toxicity

* Absence of toxic or environmentally dangerous constituents, particularly heavymetals
* Facile degradability, especially biodegradability, in the environment.

* Low tendency to undergo bioaccumulation in food chains in the environment

An example of a green compound is sodium stearate, common hand soap. This common substance is prepared by reacting
byproduct animal fat with sodium hydroxide, which is prepared by passing an electrical current through saltwater. Flushed down
the drain, sodium stearate reacts with calcium in water to form a solid, calcium stearate, the white solid that composes “bathtub
ring.” This removes the soap from the water and the nontoxic calcium stearate readily undergoes biodegradation so that it does not
persist in the environment.

This page titled 4.1: Chemical Bonds and Compound Formation is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by Stanley E. Manahan.

https://chem.libretexts.org/@go/page/284484



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/284484?pdf
https://chem.libretexts.org/Bookshelves/Environmental_Chemistry/Green_Chemistry_and_the_Ten_Commandments_of_Sustainability_(Manahan)/04%3A_Compounds-_Safer_Materials_for_a_Safer_World/4.01%3A_Chemical_Bonds_and_Compound_Formation
https://creativecommons.org/licenses/by-nc-sa/4.0
https://chemistry.missouri.edu/people/manahan

