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Most emergency responders cringe at the thought of chemistry. Nonetheless, knowledge of basic chemistry is necessary to deal effectively with hazardous materials in emergency response. Firefighters cannot hope to be successful in fighting fires without knowledge of fire science and fire behavior. Emergency medical technicians and paramedics cannot treat patients without knowledge of human anatomy. Police officers cannot fight crime without knowledge of the law. Emergency responders cannot safely and effectively respond to hazardous materials incidents without knowledge of chemistry. With that said, this column will present a series of topics designed to assist emergency responders in developing or refreshing their knowledge of hazardous materials chemistry, or as I like to call it, "Street Chemistry". 

	


The Atom 

Basic chemistry begins with a look at the atom, in particular, atoms of elements. Elements are the building blocks of hazardous materials. Hazardous materials are either individual elements, which are hazardous, or are formed into compounds of multiple elements that have particular hazards. An atom of an element is the smallest particle of that element that can exist without nuclear intervention. Molecules are the smallest particle of a compound. Elements will be discussed further when the "Periodic Table" is introduced. Atoms have three basic parts important to chemistry and physics. 

· Electrons 

· Protons 

· Neutrons 

Nucleus 

At the center of the atom is the nucleus. Within the nucleus are two types of subatomic particles, protons and neutrons. Most of the weight of the atom exists in the nucleus. 

Protons 

Protons have a positive electrical charge while neutrons are electrically neutral. Elements are determined by the number of protons in their nucleus. That number cannot change without changing the element. The number of protons in the nucleus of an atom is also known as the atomic number of that element. 

Electrons 

Outside of the nucleus in orbitals or shells are electrons. Electrons have a negative electrical charge. There must always be an equal number of positively charged protons+ in the nucleus and negatively charged electrons- outside. Electrons orbit the nucleus in shells around the outside. Elements have varying numbers of electrons. Electrons are exchanged or shared during the formation of compounds. Numbers of shells around the nucleus vary from one element to another. All atoms have at least one shell. The maximum number of electrons that can be present in that first shell are two. Once two electrons are present, that shell is full. Other shells can have varying numbers and are not important to "Street Chemistry" except for the outer shell. The outer shell is where chemical bonding takes place. Outer shells can only contain a maximum of eight electrons. Once they achieve eight electrons, the shell if full. Atoms are stable when they achieve either two or eight electrons in the outer shell. This is known at the duet & octet rule of bonding. Atoms with only one shell are stable with two electrons. Atoms with multiple shells are stable with eight in the outer shell. 

Ionization 

Atoms can become charged when they lose or gain electrons. When an atom loses electrons, the process is called ionization. Particles created by ionization are called ions. When an atom loses an electron it has one more proton than electron. The atom becomes a +1 positively charged ion. Positively charged ions are called cations. When an atom gains an electron it has one more electron than proton. The atom becomes a -1 negatively charged ion. Negatively charged ions are called anions. Size of atoms has a bearing on the willingness of an atom to give up electrons. Smaller atoms have a stronger hold on their electrons because electrons are closer to the nucleus. This stronger pull on their own electrons causes electrons of other atoms to be pulled towards them. As the atoms gain electrons they becomes electronegative. Therefore, smaller atoms have a greater tendency to attract electrons from other atoms. When atoms are larger, the electrons are further away from the nucleus. Because the electrons are farther away, they are not held as tightly, and have a tendency to lose their outer shell electrons. When electrons are lost, the atom then becomes electropositive. The larger the atom, the more likely it will lose electrons and become a positive ion. 

Ionic & Covalent Bonding 

Attraction between atoms results in chemical bonding to form compounds. Ions of opposite charges attract. When they bond, an ionic bond is formed. Molecules, which form ionic bonds, are called salts. When atoms are unable to remove electrons from other atoms, they instead share them. A sharing bond is referred to as a covalent bond. Molecules that are covalently bonded are called non-salts. 

Radioactivity in the Nucleus 

Chemical bonding takes place with the outer shell electrons. Radioactivity occurs from the nucleus of the atom. Elements that are radioactive have unstable nuclei and expel particles from the nucleus in an effort to become stable. That process will be discussed further when radioactive materials are introduced. 

