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Light

Electromagnetic Radiation (EM Radiation)
e ¢ = wavelength (A, lambda) x frequency (v,

nu)
ec=AxV=2998x10%m/s
Max Planck

® Energy can only be gained/lost in whole
number multiples of the quantity, Av
o where 4 is Planck's constant, 6.626x1073J-s
® AFE = nhv (or Epneton = hv = hc/A)
® where 7 1s an integer (1,2,3...)
® quantization of energy (discrete packets
called quanta)
Photoelectric Effect
® Einstein proposed light can be thought of as a
stream of “massless particles” called photons.
® Electrons are emitted from the surface of a
metal when light of a specific frequency hits it.
® De Broglie's equation, A = k/mv
® Dual nature of light - particle and wave
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Atomic Theory

Light Topic#10
Sample WS#1 - Atomic F  of EM Radiati
1. Calculate the frequency of red light of wavelength 6.50x10’nm. (Ans: 4.61x10"Hz (1/5)
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2. What is the increment of energy (the quantum) that is emitted at 4.50x10%nm by CuC1? (Ans: 441x10°7°T)

Gun N Tk
= — 34 !!M“- -
\= ‘l.SOKIDznm F= ‘Q_C;_ where h=6.626440 " I3 E - ‘{-H *HO —lfl J

(45620 'm) M

Y [
('4503‘3\;’”\) Sol.VE; E' (L.Luuo-wa‘-ﬂ(l-ﬁﬁ“”) /ﬁl‘!} " ("‘”"{f ‘D.J‘l Jj

) (4[.50 im”ﬁ)

n



Atomic Theory

Light Topic#10

3. Using de Broglie’s equation, A=h/mv, compare the wavelength for an electron (mass = 9.11x10*'kg) traveling at a
speed of 1.0x10’m/s with that of a ball (mass = 0.10kg) traveling at 35m/s (Ans: 7.27x10"'m vs. 1.9x10*m)
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Atomic Theory

Light
Atomic Spectrum of Hydrogen

® Continuous spectrum - ROY G BIV

¢ Line spectrum - unique to each
substance, photons of specific
frequency (F) are formed when an
electron "falls" from a higher energy
state to a lower energy state, the
movement "down" releases energy in
the form of light (EM spectrum)

Bohr Model

¢ Developed quantum model for H (a
single electron of the H atom could
occupy only certain energy states )

® Equation for the energy levels
available for an electron in H: £ =
-2.178x10°83(Z%n?)

¢ Ground state — lowest energy state,
n=1

O AF=Fr-E;
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(a) Electronic absorption transition J/ n=3
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(b) H, emission spectrum (top), H,
absorption spectrum (bottom)
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1 n E(cV) TO ic#10
Light - A - - v AE = Ex - E; E = -2.178x10 83 (Z%/n?)

i 0343

: o —1E

3 Paschen 1512

«'nrc
2 Balmer =
Lyman
1 =13.606

3. Calculate the energy required to excite the hydrogen electron from level 7 = 1 to level n = 2. Also calculate the wavelength
of light that must be absorbed by hydrogen atom in its ground state to reach this excited state.
Gvn NTie (Ans: 1.633x107J, 1.216x10"m)
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: Topic#10
Light P AE=F¢-E E =-2.178x1013J (Z%/n?)

5. (OYO) Calculate the energy required to remove the electron from a hydrogen atom in its ground state. (Ans: 2.178x10718])
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Quantum-Mechanical Model of the Atom Topic#10
Quantum Wave Mechanical Model of Atom

® Heisenberg Uncertainty Principle - cannot know position and momentum of a particle at the same time.

® Orbital - energy level where an electron can exist

® Quantum numbers
® Principal quantum number, 7 =1 to 7
® Angular momentum quantum number (/) - shape (type) of orbital /=0 (s), /=1 (p), /=2 (d), =3 ()
® Magnetic quantum number (7)) - orientation of orbital in space

m s-orbital - m; =0 1 orbital with a maximum of 2 electrons

® p-orbital - m;=-1, 0, 1 3 orbitals with a maximum of 6 electrons
® d-orbital - m;=-2,-1,0,1,2 5 orbitals with a maximum of 10 electrons
® f-orbital - m;=-3,-2,-1,0,1,2,3 7 orbitals with a maximum of 14 electrons

® Spin quantum number (771;) - an electron spins clockwise (+1/2) or counterclockwise (-1/2)
® Each electron has a unique set of four quantum numbers (1,1, my, ms)
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Quantum-Mechanical Model of the Atom ~ Topic#10

Different Shapes of Orbitals




uantum-Mechanical Model of the Atom Topic#10

Polyelectric Atoms - atoms with more than one electron

o fs<Ey,<Eqs<E;

e clectrons "prefer” the orbitals in th eorder s, p, d, and then f

® Notice that 2p has its maximum probability closer to the
nucleus than the 2s

® But, notice the small hump of the 2s electron very close to
the nucleus? This small amount of time when a 2s electron
1s near the nucleus.

® The 25 electron "penetrates” to the nucleus more than the 2p

® Therefore, the 2s electron has a lower energy than the 2p
electron.

Atomic Theory

Radial electron density

1s electrons are much closer to the nudeus
— they screen the valence electrons

2s electrons experience greater nuclear
attraction than the 2p electrons

0 1 2 3 4 5 6 7
Distance from nucleus (A)
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Quantum-Mechanical Model of the Atom Topic#10

Radial probability 4nr?R 2

Maximum

e

Electrons

3s




Atomic Theory

History of the Periodic Table Topic#10
6. For principal quantum number 7 = 5, determine the number of allowable subshells (1), orbitals (r?), and electrons (217).
G N NTr (Ans: 5 & p, d, f, and g), 25, and 50)
- NK
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Electron Configurations
¢ Aufbau Principle - clectrons move to lowest
energy (Exceptions Cr, Mo, and W and Cu,
Ag, and Au)
¢ Pauli exclusion principle - no two electrons
can have the same four quantum numbers
(two electrons per orbital with one having a
+1/2 spin (M) and the other -1/2 spin (\))
® Hund's rule - lowest energy is when an atom
has the lowest number of unpaired electrons
(so, 1 electron in each orbital before a second
can be added.)
® Elements in the same group have the same
number of valence electrons (zs'*np®©)
® Isoelectric - ions that have the same electron
configuration as the closest noble gas
e N3 O%, F!, Ne, Na'*, Mg®*, and AI** all
have the same electron configuration:
15%25%2p° or [He]2s*2p®
® Valence electrons - outer s and p electrons of
the atom
® For example, N's valence electrons are
2572p?

Atomic Theory

Topic#10

® Core electrons - the inner electrons

® For example, N's core electrons are 1s?

® Noble Gas Electron Configuration - replace inner core
electrons with the symbol of the Noble gas symbol with
brackets: 1s?2s%2p? or [He]2s*2p?

m these are the inner core electrons of the element

® Paramagnetic - when the species can be affected by a
magnetic field.

¢ Diamagnetic - when a species cannot be affected by a
magnetic field.

Nitrogen (Z.=17)

s 2s 2p

Nitride, N* (7e” + 3e" = 10-)
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Electron Configurations Topic#10

7. Give the electron configuration, Noble gas (abbreviated) electron configuration, valence electrons, electron dot, and 1on

formed for sulfur, cadmium, hafnium, and radium.

Nobel Gas (abbr)
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Atomic Theory

Electron Configurations Topic#10

7. Give the electron configuration, Noble gas (abbreviated) electron configuration, valence electrons, electron dot, and ion
formed for sulfur, cadmium, hafnium, and radium.

Nobel Gas (abbr)
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Atomic Theory

Photoelectron Spectroscopyv Topic#10

® Photoelectron spectroscopy is an experimental method used to determine the electronic structure
of atoms and molecules.
e Photoelectron spectrometers ionize samples by bombarding them with high-energy radiation, such
as UV or x-rays, and detecting the number and kinetic energy of ejected electrons.
e The frequency and energy of incident photons can be used to calculate the binding energy of the
ejected electron using the following equation: BE = /v - KEjecron
® In other words, F (xay photon) = PE (BE; ionization E) + KE (energy of ejected electron; 1/2mv?)
e The PES spectrum is a graph of electron count vs. electron binding energy.
® The peaks in PES spectra correspond to the electrons in different subshells of the atom. The peaks
with the lowest binding energy correspond to the valence electrons, while the peaks at the highest
binding energy correspond to the inner-shell or core electrons.
® [onization Energy - the energy needed to remove an electron from a gaseous atom
BA(@tE2>AHE) te
o /L. > . >IE;>1FE,>1F; . 126 9.07 531 0.74

T'hese lines indicate a change of
scale along the horizontal axis

A\// A //A
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Relative Number of Electrons
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Photoelectron Spectroscopyv

Photoelectron
Spectra
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Photoelectron Spectroscopyv Topic#10

Because electrons in a particular subshell of an atom have approximately the same binding energy, each peak
in a PES spectrum corresponds to a subshell. To illustrate, let's first look at a simulated PES spectrum for
lithium,Li. As we look at the spectrum, it will be usetul to keep in mind the ground-state electron

configuration for lithium, which is 1s?2s!.

Lithium
6
5
24
) 1 2 £
Relative # Z3
electrons l = 6.26
CR
= l 0.52
0.52 ) ‘ _6.26 . . 1 ] I
0.0 o 10.0 ot
Binding energy 1000 100 10 1 0.1
AU, (M]/mal)

(MJ/mol)



Atomic Theory

Photoelectron Spectroscopyv Topic#10

Sample WS#2 - Atomic Frequency of EM Radiation
1. Identify the element represented by the PES spectrum. Write the electron configuration of
the element. What is the first ionization energy for this element?

2

o

151

.
Relative # 100 500
electrons
12 6 2
0.581.09 ; ; 719 ] 121
0.0 10.0

Binding energy
(MJ/mol)
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Photoelectron Spectroscopyv Topic#10

Sample WS#2 - Atomic Frequency of EM Radiation
2. Identify the element represented by the PES spectrum. Write the electron configuration of
the element. What is the first ionization energy for this element?

) 526 ‘ ‘
Relative # 10.0 100
electrons
4 2
131, 304 . . .
0.0 10.0

Binding energy
(MJ/mol)
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Periodic Table Topic#10

Periodic Table
® History

® Johann Dobereiner (Triads) < John Newlands (octaves) < Dmitrii Mendeleev & Julius Lothar Meyer (atomic
mass) < Mosley (atomic number)

® Group [ (alkali metals, most reactive metals), Group II (alkaline metals), Group 17 (halogens, most active
nonmetals), and Group 18 (noble gases, inert (unreactive))

® Transition metals - fill 4 orbitals (NEVER use half filled sublevels as a reason for stability or energy, SAY instead
the half-filled subshell MINIMIZES electron-electron repulsions which LOWERS the energy state of the atom!)

® Rare Earth Metals (Inner transition metals) - fill / orbitals



Atomic Theory

Periodic Trends Topic#10
Periodic Trends (ALMOST always a FRQ question!)
Arguments

1. Effective nuclear charge (Zeg) - equal to group # (Group 1, Zen 1s 1) for groups 1 and 2. For groups 13-18, Zeq is equal to
group # - 10 (Group 13 is 13-10 = +3 for core charge), the higher the Z.s, the more positive the nucleus, the
greater the positive (attractive) force 1s on electrons (coulombic force). (the higher the Z.s, the more energy it takes to
remove an electron or the smaller the atom's radius due to the nucleus pulling the outer electrons in closer). Used for
ACROSS a period comparisons.

2. Distance - increased distance from the nucleus weakens the attractive coulombic force on the electron (need a lower
amount of energy to remove). Used for UP/DOWN a group comparisons.

3. Shielding - the "shielding" of outer electrons from the nucleus by mner electrons. (Use only GOING UP OR DOWN a
group NEVER across a period, use Zesf and coulombic force for this).Used for ACROSS a period comparisons.

4. Minimize electron-electron repulsions - puts atom at a lower energy state (More stability).



Periodic Trends

¢ Atomic Radius - the distance
from center of nucleus to outer
electron.
® Across - increase in Zeg
results in a more positive
charge in the nucleus which
attracts electron cloud more
strongly and "shrinks" atom
(until electron-electron
repulsion can overcome the
attraction).
® Down - an additional
principal (n) energy level is
added (attractive force on
valence electrons decreases).

Increasing atomic radius

Atomic Theory

Topic#10

1A 2A
H

L]

37

Li Be
152 n2
Na Mg
186 160
K Ca

Increasing atomic radius
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He
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Periodic Trends Topic#10
¢ [onization Energy (IE) - energy needed to remove an electron (atom in gas phase!), each electron removed needs more
energy.

® Across - increase in Zen results in a more positive charge in the nucleus which attracts electron cloud more strongly
resulting in more energy needed to remove electron (increase of coulombic force of attraction).

® Down - increased distance from nucleus and increased shielding means less energy needed to remove and electron
(inner electrons shield outer form nucleus) (decrease of coulombic force of attraction).

® When electron pairing first occurs in an orbital there is an increases electron-electron repulsion which results in a
lower energy needed (/) to remove an electron. (L.ook at oxygen vs. nitrogen)

® Look at 5% vs p!, even though Zes is greater for the p electron, the removal of a p electron takes less energy than an s
electron (Be vs. B).

® p held less tightly because p electrons do not penetrate the electron cloud as well as an s electron.

1st lonisation Energy for Period 2
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Periodic Trends

Atomic Theory
Topic#10

® Electron Affinity - energy released when a gaseous neutral atom gains an electron (A(g) +e 2 A(g) + E)
® across - increases (eneigy released becomes MORE negative). An increase in Zeg results in a more positive charge in
the nucleus which attracts the electron cloud more strongly (stonger columbic force of attraction), resulting i more

energy released when an electron 1s accepted.

¢ down - due to increased distance from nucleus and shielding of inner electrons with the addition of another energy
level (n), the energy released 1s LESS negative.
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Periodic Trends Topic#10
® Jonic Radii (generally follows atomic radius trend, except transition from metal ions to nonmetal ions a BIG jump in
radii occurs!)
® Cations shrink respective to their atoms (nucleus now attracting fewer electrons, Z.i equal for ion and atom)
® Anions expand respective to their atoms (nucleus now attracting more electrons, Z.; equal for ion and atom and
more electron-electron repulsions)

® [soelectric - 1ons containing the same number of electrons.
Size of Atoms and Their lons in PM
Group 1 Group 2 Group 13 Group 16 Group 17
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Periodic Trends Topic#10
® Electronegativity - the ability of an atom in a MOLECULE to attract shared electrons to itself. (generally follows

the 1onization energy trend)

e I most (4.0)
® Why? Highest Z.¢ and smallest so nucleus 1s closer to the bound electrons in the bond

® cesium/francium least (0.7)
® Why? Lowest Ze and largest so nucleus is farther away from the bound electrons in the bond.

® (Critical when describing bonding!

ing electronegativity
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8. The first ionization energy for phosphorus 1s 1060kJ/mol, and that for sulfur is 1005kJ/mol. Why?

9. Consider the atoms with the following electron configurations:

a) 1s*2s?2p®

b) 15?2s22p°3s!

c) 1s22s72p53s?

Identify each atom. Which atom has the largest first ionization energy, and which one has the smallest second

ionization energy? Explain your choices.

10. Predict the trend in radius for the following ions: Be*", Mg, Ca®’, and Ba®".



