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An idea I want to reinforce is that atoms are 3-dimensional. They are obviously 
YHU\�� YHU\� WLQ\�� EXW� WKDW� GRHVQ¶W�PHDQ� WKH\� DUH� ÀDW�� ��GLPHQVLRQDO� VWUXFWXUHV� OLNH�
ZH�VHH�RQ�WKH�SDSHU��-XVW�OLNH�D�GUDZLQJ�RI�D�EDOO�RU�DQ�DSSOH�RQ�D�SLHFH�RI�SDSHU�LV�
D���GLPHQVLRQDO�UHSUHVHQWDWLRQ�RI�D���GLPHQVLRQDO�VWUXFWXUH��VR�DUH�WKH�GLDJUDPV�RI�
DWRPV�� 7KH\� DUH� ��GLPHQVLRQDO��ZKLFK�PHDQV� DWRPV� KDYH� GHSWK� DV�ZHOO� DV� KHLJKW�
and width. This becomes important when we consider electrons and their movements 
ZLWKLQ�WKHLU�RUELWDOV��(OHFWURQV�PRYH��D�ORW��DQG�WKH\�PRYH�IDVW��UHYROYLQJ�DURXQG�WKH�
QXFOHXV�ZLWKLQ� WKHLU� RUELWDOV��EXW� WKH\�GRQ¶W� MXVW�JR�DURXQG� WKH�QXFOHXV� LQ�D� VLQJOH�
plane; they are free to move anywhere within that 3-dimensional orbital space around 
WKH�QXFOHXV��7KH\�MXVW�FDQ¶W�JHW�DQ\�FORVHU�RU�IDUWKHU�WKDQ�WKH�VSHFL¿F�RUELWDO�DOORZV��

Figure 3.5.1

Electron Shells and Energy
)RU�DOO�NQRZQ�HOHPHQWV��WKHUH�DUH�D�WRWDO�RI���HOHFWURQ�
VKHOOV��QXPEHUHG�DV�VKRZQ� IRU�D�JHQHULF�DWRP��(DFK�
VKHOO� FDQ� KROG� D� GH¿QHG� QXPEHU� RI� HOHFWURQV�� 7KH�
KLJKHU� WKH� QXPEHU� RI� WKH� HOHFWURQ� VKHOO�� WKH� PRUH�
HOHFWURQV�LW�FDQ�KROG�EHIRUH�LW�JHWV�IXOO��7KDW�LV�WR�VD\�
WKDW�VKHOO���KROGV�PRUH�HOHFWURQV�WKDQ�VKHOO����DQG�VKHOO�
��KROGV�PRUH�WKDQ�VKHOO����HWF��7KH�DFWXDO�HTXDWLRQ�WR�
GHWHUPLQH�KRZ�PDQ\�HOHFWURQV�D�VKHOO�FDQ�KROG�LV�JLYHQ�
E\��Q�, where n is the number of the shell. For example, 
IRU�WKH��st�VKHOO��Q� ����VR�WKH�QXPEHU�RI�HOHFWURQV�LW�
FDQ�PD[LPDOO\�KROG�LV���[���� ����6R��WKH�¿UVW�HQHUJ\�
VKHOO�FDQ�³RQO\´�KROG���HOHFWURQV��DQG�WKHQ�LW�LV�IXOO��,I�
\RX�ORRN�EDFN�RYHU�WKH�DWRP�GLDJUDPV�ZH�KDYH�XVHG�LQ�
WKLV�FKDSWHU��\RX�ZLOO�VHH�WKDW�DOO�RI�WKHP�KDYH�RQO\���
HOHFWURQV�LQ�WKDW�¿UVW�VKHOO��)RU�WKH��nd�HQHUJ\�VKHOO��Q�
 ���DQG�FDQ�KROG�D�WRWDO�RI���HOHFWURQV�DQG�ZH�JHW�WKDW�
E\�XVLQJ�WKH��Q��HTXDWLRQ��ZKHUH�³Q´�LV�WKH�QXPEHU�RI�
WKH��nd�VKHOO��³�´²��[���� ���[��� ����)RU�WKH��rd�HQHUJ\�
VKHOO��Q� ����VR�LW�FDQ�KROG����HOHFWURQV²��[���� ���[�
�� �����/HW¶V�GR�WZR�PRUH��WKH��th�HQHUJ\�VKHOO�DQG�WKH�
�th�HQHUJ\�VKHOO��)RU�WKH��th�VKHOO��Q� ����VR�LW�FDQ�KROG�
���HOHFWURQV²��[���� ���[���� ������th�HQHUJ\�VKHOO��
Q� ����VR�LW�FDQ�KROG�����HOHFWURQV²��[���� ���[���� �
�����:KHQ�DVVLJQLQJ�HOHFWURQV�WR�WKH�VKHOOV��\RX�PXVW�
NQRZ�KRZ�PDQ\�HOHFWURQV�HDFK�VKHOO�FDQ�KROG�VR�\RX�
NQRZ�ZKHUH�WKH\�ZLOO�JR��2I�FRXUVH��\RX�DOVR�QHHG�WR�
NQRZ�KRZ�PDQ\�HOHFWURQV�WKH�DWRP�KDV��DQG�ZH�ZLOO�EH�
FRYHULQJ�KRZ�WR�NQRZ�WKDW��LW�LV�YHU\�HDV\��LQ�WKH�QH[W�
chapter on the Periodic Table of the Elements. For now, 
MXVW�JHW�FRPIRUWDEOH�ZLWK�WKH�LGHD�WKDW�WKH�HOHFWURQV�¿OO�
LQ�WKH�HQHUJ\�VKHOOV�IURP��st±�th and that the number 
HDFK�VKHOO�FDQ�KROG�LV�JLYHQ�E\��Q�.

Figure 3.5.2

Electron Shells and the Maximum Number of Electrons 
5HPHPEHU�WKDW�WKH�PD[LPXP�QXPEHU�RI�HOHFWURQV�HDFK�VKHOO�FDQ�KROG�LV�JLYHQ�E\�WKH�HTXDWLRQ��Q�, where “n” is the number 
of the shell. Here it is in more detail.
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