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用音乐教学电子排布

摘要：摘要：本文描述了一个用音乐方法教学元素周期表的电子排布顺序，将痛苦的死

记硬背变成了欢乐的音乐。简谱中 1234567 正好对应电子排布层数，7 是最高层。

元素周期表上所有的电子排布都是这些数字的组合，把它们看成简谱的音乐符号

变成可以演唱演奏的曲谱。好玩又好记，一旦学会，终身不忘。
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MASTER LECTURE

INTRODUCTION

Students of chemistry and materials 

normally have to learn the full periodic 

table (Appendix I) and the detailed elec-

tron configuration (Appendix II) in the 

first year of their college life. The sad 

fact is that this is something they do not 

naturally like: at first sight, they are just 

a bunch of numbers mixed with letters. 

Remembering the sequence and the asso-

ciated number of electrons is certainly an 

unimaginable task. My way of teaching it 

is to create a "wow" effect first: I ask the 

class to call out any atomic number (or, 

better still, the element), then I sound out 

in music while writing down the electron 

configuration for that element. "Wow" the 

students exclaim every time without fail. 

The interest is thus planted and the desire 

to find out how to do it is aroused.

THE MUSICAL WAY

First, define the musical note in 

seven digits. This is extremely simple. 

Students from a Chinese background do 

not have to learn this, because they have 

all learned the "simplified musical note" 

in primary school. For students of other 

origins, a definition (Fig. 1(a)) may be 

necessary: view these "digitized" musi-

cal notes ("do, re, me, fa, so, la, ti" for 1 

through 7) as the primary quantum num-

bers (the primary shells). Writing down 

the primary quantum numbers following 

the Aufbau principle makes a nice piece 

of music:

1223 343 4545 645 6756 7�������� (1)

Fig. 1. The musical way: (a) digitizing the basic musical note: "do re me fa so la ti" as numbers 1 through 
7, (b) electron shell arrangements in music 'do re re me―me fa me―fa so fa so―la fa so―la ti so la ti'.
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Or "do re re me—me fa me—fa so 

fa so—la fa so—la ti so la ti", as given in  

Fig. 1(b). This is step 2.

In step 3, assign an appropriate or-

bital letter (s, p, d or f subshell) to each 

of the "musical notes". For this purpose, 

first identify the same shell numbers, 

noting that they may not be together—

as shown in expression (1) for the bold 

"5" s. It is important to show an example 

at this stage. For instance, assign orbitals 

to the "5" s: affix the s-orbital to the first 

"5", p to the second "5", d to the third "5" 

and "f" to the fourth "5". As all the "5" s 

are assigned to the orbitals, expression (1) 

becomes

1223 343 45s45p 645d 675f6 7��� (2)

It is necessary to stress to the student 

that not all of the shell numbers will use 

up the orbital letters. For shell number 1, 

only s will be used. For shell number 2, 

only s and p are used; the d and f orbitals 

are not used. When all the shell numbers 

are assigned orbital letters, expression (1) 

becomes

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 

4f 5d 6p 7s 5f 6d 7p���������������������� (3)

This is Aufbau's building up princi-

ple written on one line. Expression (3) is 

the "master skeleton" for electron config-

uration of all the elements in the periodic 

table.

Step 4, or the final step, is to fill up 

ꨁ Robert C. Weast, M. J. Astle and W. H. Beyer, Handbook of Chemistry and Physics, 66th edition, CRC Press, Inc., Boca Raton, Florida (1986), p. B-4.

the electrons in each orbital. It is now 

time to get the student to focus on the 

maximum number of electrons each or-

bital can accommodate: s up to 2; p up to 

6; d up to 10; and f up to 14 (as tabulated 

in Table 1).

Drawing an analogy with a hotel 

(beds, rooms and floors) always work 

wonders in explaining the number of 

electrons the orbital can "house". Also, 

students appreciate having pointed out to 

them the "plus 4" rule: 2 plus 4 is 6 (max 

for p), 6 plus 4 is 10 (max for d); and 10 

plus 4 is 14 (max for f).

At this point of time, a quiz is a good 

idea, to allow the student to digest the 

information and put the "music way" to 

work. For instance, complete the electron 

configuration of 32Ge. The answer should 

be 1s²2s²2p⁶3s²3p⁶4s²3d¹⁰4p².

Finally, it is necessary to note the 

few exceptions in filling up the orbital: 

in some elements, the electrons do not 

completely fill up the second last orbitals 

before moving on to fill up the outermost 

orbital. These elements are Cr, Cu, Nb, 

Pd, Ce, Tb, Pa and Bkꨁ. For instance: 

24Cr: 1s² 2s² 2p⁶ 3s² 3p⁶ 4s¹ 3d⁵ or 29Cu: 

1s² 2s² 2p⁶ 3s² 3p⁶ 4s¹ 3d¹⁰. The irregu-

larity of the number of the electrons is 

high-lighted in bold. These exceptions do 

not affect the "music way" nor the assign-

ment of the orbital letters.

SUMMARY

The electron configuration of ele-

ments can be taught in a musical way:

Step 1: "Digitize" the basic musical 

notes "do re me fa so la ti" as numbers 1 

through 7

Step 2: Sound out in music the 

primary shell numbers in the Aufbau 

building up principle: 1223 343 4545 645 

6756 7 or "do re re me—me fa me—fa so 

fa so—la fa so—la ti so la ti"

Step 3: Assign appropriate s, p, d, f 

orbitals to each number: 1s 2s 2p 3s 3p 4s 

3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d 7p

Step 4: Fill up the orbitals with the 

number of electrons as superscripts to the 

orbital letter up to their respective max-

imum: s up to 2; p up to 6; d up to 10; 

and f up to 14. Note the few exceptional 

elements (Cr, Cu, Nb, Pd, Ce, Tb, Pa and 

Bk) that do not completely fill up the sec-

ond last orbitals before moving on to fill 

up the outermost orbitals. All the super-

Table 1 Maximum number of electrons the orbitals can accommodate

Orbit S p d f

Max. no. of electrons 2 6 10 14
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scripts must add up to equal the atomic 

number.

APPENDIX

1. THE MODERN PERIODIC TA-

BLE: A REVIEW

The arrangement of elements in the 

modern periodic table is based on the 

electron configuration of atoms. Electron 

configuration refers to the order in which 

electrons are arranged around the nucleus 

of an atom.

The periodic table contains rows and 

columns. The rows are called periods. 

The columns are called groups. There are 

7 periods and 18 groups in the modern 

periodic table (Fig. 2).

The periods represent the energy 

levels indicated by the principal quantum 

numbers 1, 2, 3, 4, 5, 6 and 7. The 18 

groups of elements have been classified 

according to the orbitals (s, p, d and f) 

because the electrons in these orbitals 

determine their chemistry. The s-orbital 

accommodates up to 2 electrons spinning 

in opposite directions, the p-orbitals up to 

6 electrons (3 p-orbitals each can "house" 

2 electrons spinning in opposite direc-

tions); the d-orbital up to 10 electrons (5 

d-orbitals times 2 each) and the f-orbital 

14 electrons (7 orbitals times 2 each).

2. THE ELECTRON CONFIGURA-

TION

As electrons fill up the orbitals in an 

atom, they do so in an effort to minimize 

the total energy. The energy of an elec-

tron depends on the combination of its 

primary quantum number and the angular 

momentum; thus 4s is filled up before 3d, 

etc. Filling of the orbitals follows Auf-

bau"s principle (Fig. 3): the sequence in 

which the orbitals are filled represents the 

increasing energy of these orbitals. Spa-

tially, the orbital with the highest princi-

pal quantum number is the furthest from 

Fig. 2. The modern period table of elements.

Fig. 3. Aufbau's Building Up Principle
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后记

本文是 2006 年我在新加坡南洋理工大学机械与航空工程学院做教授的时候受邀在国际工程教育杂志上发

表的一篇文章（International Journal of Engineering Education, Vol. 22. No. 5. Page 951-954）。文章发表以后，美

国的一个中学老师给我写电邮感谢我的贡献。他让他们班上的乐队把它演奏起来。结果全班一会儿把元素周
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Teaching Electron Configuration the Musical Way
Sam Zhang

Abstract: This paper describes a ‘musical way’ of teaching the electronic configuration of elements in the periodic table, thus taking 
the frustration and struggle out of the learning process and making it fun. In essence, the musical notes ‘do, re, me, fa, so, la, ti’ 
are denoted by seven digits 1, 2, 3, 4, 5, 6, 7 respectively, to represent the total number of electron energy shells. Sounding out the 
shell number in music immediately grasps the students’ attention and they become instantly involved. The teaching is simple and 
the learning becomes fun. And hopefully, once learnt, the tune (and thus the electronic configuration) will be remembered for life—
thanks to the magic of music.
Keywords: Electronic configuration; Periodic table; Elements

the nucleus. The number of electrons 

of an elemental atom equals the atomic 

number; thus, given the atomic number of 

an element, the electron configuration can 

be written according to Aufbau's building 

up principle. For instance, Germanium 

has an atomic number of 32 (i.e. it has 32 

electrons), thus the electron configuration 

of 32Ge is 1s²2s²2p⁶3s²3p⁶4s²3d¹⁰4p².�
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期表上所有元素的电子排布顺序全都记住了。我也觉得这个很好玩，很有趣。今见到缪煜清教授主编的科学与

艺术结合的杂志，想起这篇差不多 20 年前的文章，贡献给这个全新的杂志，算是转载吧，重点是表达我的祝贺。
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