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A Review of Important Discoveries About the Atom

1. Experiment
(1) J.J. Thomson—Charge to mass ratio by cathode ray tube
(2) Robert Millikan—Qil drop experiment—charge of e
iEid 1 1 2—plum pudding model of atom
(3) Rutherford “Gold foil experiment” —Nuclear model of the atom
(4) Niels Bohr—solar system model
(5) Erwin Schrodinger /R * BEE 2 —wave-mechanical theory
(6) Werner Heisenberg developed the uncertainty principle
2, Other discoveries

Discovery of the Proton; Neutron; Determination of Atomic number

Bl Atomic Structure

1. Light emission
(1) If add a certain energy to an element, the element may emit light.
(2) The electromagnetic spectrum
Ultraviolet/Visible/Infrared
High energy end—>Low energy end
Wavelength Range of Visible light: 350 nm~700 nm, Frequency Range: 1.2X10 " H,~
2.3X107"H,
2. Wavelength, Frequency and Energy of light

(1) Definition of wavelength and frequency

yibuajanepp

Frequency
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(Wavelength) (Frequency) = Speed of light
Av=c c=3.0X10* m s™!
Unit of Frequency: s™' (Hz)

Max Planck: E = hy = & %

Energy of electromagnetic waves is proportional to the frequency and inversely propor-
tional to the wavelength.
h = 6.62X107* J s (Don’t need to be memorized, Given in Exam)
Energy, wavelength, and frequency are all related.

(2) Instruments
Spectroscope (43¥4%) : if the light is observed by eye
Spectrograph (i%{) : if the light is detected by an electronic device and recorded
on paper
Spectrometer (43)f31): similar to a spectrograph except that the information is read
from a meter
Each element emits a unique pattern of spectral wavelengths, These patterns, called
atomic spectra, are used to identify elements.

(3) Equation
One form of the Rydberg equation:

v=3.288 1X10° s (& —=

m n;

) (Remember)

n, refer to the lower energy level

n; refer to the higher energy level

fill The Bohr Model of the Atom

1. Niels Bohr: certain allowed orbits

2 4 5
E,=— - =—2.178X e n=orbit number

2. The size of the atom
Bohr Radius for the hydrogen atom: ¢= 53 pm
Other orbits’ radii are whole-number multiples of the Bohr radius. N=2, 3, 4, -

3. The Wave-Mechanical Model of the atom
E=hy E=mdc*
hy = mc*

Actual use of these wave equations is left for higher level college courses.

The results of using these wave equations:
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(1) Quantum numbers

(2) The fixed orbits of the Bohr theory are replaced with a cloud of electrons around the
nucleus, in which region the probability of finding the electron is highest.

(3) Still geometric shapes

(4) The results of the wave equation agree completely with the Bohr model, including the
energy change for moving e, the 53pm radius.

(5) The Heisenberg uncertainty principle

L B9 B AN 3h & A BE R B 1 <2
(Axxamwgf-
T

CEEHE, AETRD
4. Structure of the atom ([EF%H#3)
(1) Principal energy levels
The number of the principal energy level: n
It is the same as the principle quantum number.
Each principal energy level can hold a maximum number of e equal to 2x°.
(2) Sublevels
Each principal energy level contains one or more sublevels.
The number of possible sublevels = n
Sublevels are numbered by azimuthal quantum numbers /.
[<<n—1 Only four sublevels are actually used.
Label letters: s, p, d, f
Without electron filled in, the sublevel will not exist.
5. Orbitals
Each sublevel contains one or more electron orbitals.
Each orbital may contain a maximum of two electrons.
P T AR B e
Orbitals are labeled as s, p, d, f according to their sublevel.
The number of orbitals: 2/+1
Orbitals are numbered by magnetic quantum number, m;,.
—I<m; <
s sublevel: spherical
Three p orbitals in a p sublevel all have a dumbbell shape. The five d orbitals in a d
sublevel all have the shapes in different direction.
6. Electronic structure of the atom (/8 FRJE F45+])
Aufbau or Energy order:
1s 25 2p 3s 3p 4s 3d 4p 55 4d S5p 65 4 5d 6p 7s 5f 6d
BRE RN R AEAE 4s 5 3d Z[8], BRI
7. Electronic configurations

Complete electronic configurations, nl*
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Remember s'd" or s'd’is special for several atoms, there are exceptions.
Abbreviated electronic configurations
[Noble gases] trest
Up to the last completely filed p°® sublevel are the inner or core electrons.
Note: outermost electrons/valence electrons/in a practical sense, these include only s
and p electrons of the atom.
Representation of valence electrons is as dots around the atomic symbol.
8. Hund’s rule & Pauli exclusion principle (important)
> orbit FEEZHE 2 NERTF, KK s, p, ds f orbitals in a sublevel EFEFE—
B, BHEHRES 1.
BB a2 TR RS E .
WAHEFE—IHUE L, BT EZEHR.
9. Quantum numbers
(1) Principal quantum number (7)
—represents the principal energy level
—related to the average distance of e from the nucleus
(2) Azimuthal quantum number (/)= 0, -+, n—1
—represents the sublevel of the electron
—represents the shape of the orbitals in the sublevel
(3) Magnetic quantum number (m;) m, from —/[ to+..
—designates the orientation of an orbital in space

(4) Spin quantum number (ms)—f—% or —%

—represents the “spin” of an electron

According to pauli exclusion principle, no two electrons in the same atom may have
the same four quantum numbers.

Note: When designating the quantum numbers for the electrons in an atom, the low-

est possible values of the first three quantum numbers are used first.

SELF ASSESSMENT QUESTIONS

AEHNAE MCQ BAELHI, FRQ FEARFEHEAH X.O
1. In Rutherford’s experiments, gold atoms were bombarded with alpha particles. Which
of the following statements can explain the observation?

(A) Neutrons and protons in atoms have nearly equal mass.

O MCQ R F# I #1%EFE Multiple Choice Questions, FRQ {tZ [ #/8]2&# Free Response Questions, Z<¥ )5
TR E .

7

.
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(B) Electrons in atoms are arranged in shells.

(C) Atoms have equal numbers of positive and negative charges.

(D) Neutrons are at the center of an atom.

(E) The positive charge of an atom is concentrated in a small region.

Solution:

AT Ay JE T 45K R B T . Rutherford M4 {55250 #8117 plum pudding #EA,
1l Rutherford MR4ESCIBMEHEN , J&F i 1E A fr 8 ih7E— MRE/NHBUR I X 3, &
FHAHAMMG, #EERTE T nuclear model, Z%: E

2. Which of the following shows the correct number of protons, neutrons, and electrons

in a neutral cesium-134 atom?

Protons Neutrons Electrons
(A) 55 55 55
(B) 55 79 79
© 55 79 55
(D) 79 55 79
(E) 134 55 134
Solution;

A 2 R S5 B P I IR T OB ] R G R . AT R AR Cs B 55 5t
. BTFHE=ET%8:; MTFPHET, BrE=a 78 mEER=narH&++71
. BR: C

3. Which of the following represents an atom that has four valence electrons?

(A) 1s t 2s A

(B) ls t 2s td

«© 1s 1l 2s 1l 2p i i

(D) 1s td 2s td 2p td td td

(E) [Ar] 45 tl 3d t 1 i i 1
Solution:

FEEERTHAMNE TRMIR. TR T ARNNEZETH s BT p BT, T
WS RITR AR TERESNZH s B TP ERRNZN L BT, BFE: C

4. Of the following electron configurations of neutral atoms, which represents an atom in
an excited state?
(A) 15 25* 2p°
(B) 1s* 25% 2p° 3s°
(C) 1s* 25* 2p° 35!
(D) 1s* 25% 2p° 35% 3p°
(E) 15 25 2p° 35 3p°

Solution:
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AR A e TR ER . A e TR B HEA BSF Aufbau i3, Pauli AFHZE R
FEF Hund L0, B FHEABIBERIFF R 1s 25 2p 35 3p 45 3d 4p 55 4d 5p 65 4f 5d 6p
Is5f6dTp. s UERBRER2ITHBF, pUERE 61, dUEHEL 104, BABM
#) 2p WRAKRIEWKEIFF LG 3s BHER, IUBEAREASHETF. Z%: B

5. The bond energy of CI—CIl bond is 242 k] mol™!. Calculate the longest wavelength of

light, in nanometers, that can supply the energy per photon necessary to break the

Cl—CI bond.
Solution:

For electromagnetic radiation, ¢ = Ay and E = hy.

_ch__ch _ (3.0X10°ms ')(6.63X10"* Js) __ B
A=E "E,/L 242X10° Jmol~'/6. 022X 10® mol &+ 9X107" m=430nm




