Atomic Differences and Organization
Atomic Number
Not long after Rutherford’s gold foil experiment, the English scientist Henry Moseley (1887-1915) discovered that atoms of each element contain a unique positive charge in their nucleus. Thus, the number of protons in an atom identifies it as an atom of a particular element. The number of protons in an atom is referred to as the element’s atomic number. Look again at the periodic table and you will see that the atomic number determines the element’s position in the table. Consider hydrogen, located at the top left of the table. The information provided by the periodic table for Hydrogen is shown in below. 

                                                                       Hydrogen                        

1
Atomic Number
H

                                            1.00794
             Average atomic mass

Note that the above symbol for hydrogen (H), you see the number 1. This number, which corresponds to the number of protons in a hydrogen atom, is the atomic number of hydrogen. Hydrogen atoms always contain a single proton. Moving across the periodic table to the right, you’ll next come to helium (He). Helium has an atomic number of 2, and thus has two protons in its nucleus. The next row begins with Lithium (Li), atomic number 3, followed by Beryllium (Be), atomic number 4, and so on. As you can see, the periodic table is organized left to right and top to bottom by increasing atomic number. How many protons does a gold atom contain? A silver atom?

Remember that because all atoms are neutral on the periodic table, the number of protons and electrons in an atom must be equal. Thus, once you know the atomic number of an element, you know both the number of protons and the number of electrons a neutral atom of that element contains.

For a NEUTRAL ELEMENT: Atomic number = number of protons = number of electrons
For an atom with a charge:  Charge = protons - electrons 
For instance, a neutral atom of lithium, atomic number of three, contains three protons and three electrons. How many electrons does an atom of element 97 contain?

Isotopes and Mass Number

Earlier you learned that Dalton’s atomic theory was wrong about atoms being indivisible. It was also incorrect in stating that all atoms of a particular element are identical. While it is true that all atoms of a particular element have the same number of protons and electrons, the number of neutrons on their nuclei may differ. For example, there are 3 different types of potassium atoms. All three types contain 19 protons (and thus 19 electrons). However, one type of potassium contains 20 neutrons, another contains 21 neutrons and still another 22 neutrons. Atoms such as these, with the same number of protons but different number of neutrons, are called isotopes. 

In nature most elements are found as a mixture of isotopes. Usually, no matter where a sample of an element is obtained, the relative abundance (amount) of each isotope is constant. For example, in a banana, which is a rich source of potassium, 93.25% of the potassium atoms have 20 neutrons, 6.230% will have 22 neutrons in a scant 0.0117% will have 21 neutrons. In another banana, or in a totally different source of potassium, the percentage composition of the potassium isotopes will still be the same. 

As you might expect, the isotopes do differ in mass. Isotopes containing more neutrons have a greater mass.  In spite of differences in mass and the number of the neutrons, isotopes of an atom essentially have the same chemical behavior. Why? Because, as you’ll learn in greater detail later in this reading, the number of protons and electrons determines chemical behavior an atom has, not its number of neutrons. To make it easy to identify each of the various isotopes of an element, chemists add a number after an elements name. The number that is added is called the mass number, and it represents the sum of the number of protons and neutrons in the nucleus. For example, the potassium isotope with 19 protons and 20 neutrons has a mass number of 39 (19+20=39), and the isotope is called potassium-39. The potassium isotope with 19 protons and 21 neutrons has a mass number of 40 (19+21=20), and is called potassium-40. This is why the mass number for potassium appears as 39.098 on the periodic table. It’s an average of the naturally occurring isotopes. 
The number of neutrons in an isotope can be calculated from the atomic number and mass number. 

Number of neutrons= mass number- atomic number.

Chemists often write out isotopes using shortened type of notation involving the chemical symbol, atomic number, and mass number. 

Note that the mass number is written as a superscript 


to the left of the chemical symbol, and the atomic number is 
written as a subscript to the left of the chemical symbol. 

Mass of Individual Atoms
The masses of both protons and neutrons are approximately 1.67 X 10-24 g. While this is a very small mass, the mass of an electron is even smaller—only about 1/1840 that of a proton or neutron. Because these extremely small masses expressed in scientific notation are difficult to work with, chemists have developed a method of measuring the mass of an atom relative to the mass of a specifically chosen atomic standard. That standard is the carbon-12 atom. Although a mass of 1 amu is very nearly equal to the mass of a single proton or a single neutron, it is important to realize that the values are slightly different. As a result, the mass of silicon-30, for example, is 29.974 amu, and not 30 amu. 

Because an atom’s mass depends mainly on the number of protons and neutrons it contains, and because protons and neutrons have masses close to 1 amu, you might expect the atomic mass of an element to always be very near a whole number.  This, however, is often not the case.  The explanation involves how atomic mass is defined.  The atomic mass of an element is the weighted average mass of the isotopes of that element.  For example, the atomic mass of chlorine is 35.453 amu.  Chlorine exists naturally as a mixture of about 75% chlorine-35 and 25% chlorine-37.  Because atomic mass is a weighted average, the chlorine-35 atoms, which exist in greater abundance than the chlorine-37 atoms, have a greater effect in determining the atomic mass.  The atomic mass of chlorine is calculated by summing the products of each isotope’s percent abundance times its atomic mass.  

Please answer the following questions on your own paper.  Use complete sentences for your answers.

1. In a neutral element, how can you use the atomic number to determine the number of two subatomic particles?

2. Why do the masses of each element appear as decimals on the periodic table?
3. How can you determine the number of neutrons in an element using the mass number and atomic number?
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