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energy: the “Aufbau principle”. The periodic table follows the Aufbau principle very closely - if you
know where the s, p, d, and f blocks are, and know that the Aufbau principle makes you read the
periodic table from left to right, then writing electron configurations is easier than you think.
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Alternatiyely, many students like to use the following “road map”® to write configurations
using the Aufbau principle. Read the map starting at the circle, and follow the arrow.
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Remember that an atomic arbital can only hold two electrons, and you're all set. You can
also use an electron configuration te identify an atom, or identify the valence energy level and

7 Helmenstine, Anne Marie. "What Are Element Blocks?" About.com Education. N.p., 29 Nov. 2014,

Web. 18 Dec. 20186.
® Bigler, Jeff. "Electron Configurations." Efectron Configurations. N.p., n.d. Web. 18 Dec. 2016.
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number of valence electrons in that atom. Also, we operate under the assumption that all the lowest
possible energy levels are filled up to the proper number of electrons, hence the common term
“ground state electron configuration”. An electron configuration where an electron or two seem to
lie in higher than normal orbitals is an “excited state electron configuration”. lons will have electrons
added to or removed from the highest orhital.

Examples:

1. Write the ground state electron configuration for an atom of each of the following elements:

a) Hydrogen 131‘
b) Nitrogen 4s2 2% 2p3

o Titanium As? 252 2pb g2 3pbis? 34.%
d) Platium 152 2s% 2pe3sZ3pC 45> 3d 1°Up LG E A PSPl YT 543

e) Bohrium 157'257’ 2P" 3’52 2’[7"432 30\ . ’-I-pb 5‘521—}4 '°5P" %qul* 6d 1og P“’ 7525'{":5
A
2. Which element is denoted by each ground state electron configuration? What is its valence
energy
level and how many valence electrons are there?

element valenes Encvgy lovel  Hualonee ©

a) 1s%2s? Zp“@s@ Mg 3 7
244 =l
b) 1s?25%2p° 3s’3p@Qd’°4@ Se 4 b
c) 1s?2s?2p° 3s?3p°4s? 3d*° 4p° 557 4d° Sp Cs (p 1
3. Isoelectronic species have similar electron configurations. Which of these are isoelectronic?
T Lt = As* W= 41s? He=1¢ >
U8 ool se Lit, H™ He are all Tseclechmic
e
J(nf-‘)"h
2
b) Ca* Nes— Calt = A5%2s%2pb3s*3pl CoT and S2-

Ne = 4s22s® Qp®
S = 45225 Apr 3R 3pl

are 1soclechmic

4. Which of these are excited state electron configurations? In all cases, identify the atom. ot

a) 1s23pt  wexctd siatce hoadd be: 1e2s®T Ba L)

b) 1s22s'2p73s' * excited state shoddlor: 45%2s%2p' )

c) 1s*2s?2p®3s?3p’ 6‘(5‘*”"" stade Al
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For elements nearer the bottom of the periodic table, it is very tedious to write out the full,
unabbreviated electron configuration. There is a shortcut: find the symbol of the noble gas coming
immediately before your element, and write it in square parentheses, i.e. [Ne] for Al and [Kr] for Mo.
Start at that noble gas and follow the Aufbau principle as normal. This type of configuration is called a
noble gas core electron configuration, or sometimes just called the “shortcut” or “abbreviated”
configuration.”

Examples:

1. Write the noble gas core ground state electron configuration for:

a) Manganese LAr]Y4s?2d°

b) Palladium | Ky 5524d¥

g Tantaum [ XeJ 6534F14 5d.°

d) Meitnerium LANT FsA5F I et

e) Radon (no,itisn't[Rn]) [ Xe 652 g 54 = p b

2. Identify the element.
a) [Kr] 552 4d*°5p® e

b) [Ne] 3s? 3p Al
c) [Ar] as! @% K

d) [Xe]6s*af*sd” Ly

Electron Configuration: Exceptions to Aufbau’s Principle

In several cases, the correct electron configuration looks like it represents an excited state
configuration when it actually doesn’t. The noble gas core electron configuration for lanthanum is
[Xe] 6s? 5d*. For any element in the “lanthanide series” beginning with Ce (so, elements 58 - 71),
electrons fill the 4f block in order after that and include that 5d". For example, the noble gas core
electron configuration for cerium is [Xe] 6s? 4f'5d*, and for dysprosium, [Xe] 6s? 4£°5d*.

The “actinide” series (elements 90-103) works in exactly the same way, except that they
include 6d*: actinium is [Rn] 7s?6d", curium is [Rn] 7s?5f’6d", and fermium is [Rn] 7s*5f'%d’.

The electron configurations of chromium and copper do not exactly follow the Aufbau
principle either, largely because there is no other way to try to explain their observed charges.
Chromium has the electron configuration [Ar] 3d® 4s®, and copper is [Ar] 3d*° 4s'. This is because a half
filled or a completely filled inner energy level is more stable; also, chromium and copper do have
observable charges of +1, which is understandable if there is a 4s electron that is removable. This
exception also applies to any elements in the chromium or copper group.
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Examples:

1. Write the noble gas core electran configuration for each of the following elements:
a) Molybdenum LKY‘ —.\ 5 ) | L|'d.5
b) Gadolinium [ }(e,] bS & "H: + 56L1

¢) Silver [ Ke B! 410

d) Americium [An) Fs25F°6d2
e) Gold LXed bs 4fF1454.1°
f) Seaborgium [LRh] T yfid 544

Orbital Notation

Another way of representing an electron configuration is by drawing the orbital notation. The
orbital notation uses arrows pointing up or down to stand for electrons; the up or down directions
denote spin (+% for up, -% for down), and either a short horizontal line, a circle, or a box to represent
an atomic orbital. Only two arrows, or electrons, can be in a given orbital and must have opposite
spin {remember, Pauli exclusion principle). Moreover, if electrons are entering, one at a time, into
orbitals of equivalent energy (i.e. into the three orbitals of the 2p sublevel), then they enter
individually into each of these orbitals until they are forced to pair up. This is called “Hund’s rule.”
Orbitals of the same energy level and sublevel are called “degenerate orbitals.”

For example, the orbital notation for oxygen Oxygen

{1s* 25* 2p%) is”™: Tl Tl T\L T T
Is 2s

2p

In oxygen, there are three boxes for the 2p

sublevel, since each box stands for each allowable

value of m, (-1, 0, or 1), whereas there is only one box for each of 1s and 2s because you can have only
one orbital in each of those sublevels. You can draw an orbital notation using the noble gas core as
well.

2s 2P« 2Py 2P:  Aswith electron configurations, it's possible to write orbital
notation showing only the valence orbitals and electrons. The
T l, f 1 image on the left is the valence orbital notation for carbon. *°

* "Hund's Rules." Chemistry LibreTexts. N.p., 21 July 2016. Web. 18 Dec. 2016.
1 "Hybridization." OChemPal. N.p., n.d. Web. 19 Dec. 20186.
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Examples:

1. Draw the unabbreviated orbital notation for each of the following atoms.

a) Nitrogen jll’.. _i_‘L T_ 'r_ i_
ls 2% 2p

on RV MV NN L T2
b) Silicon < s 2p 2 35

¢) Germanium N 'r‘l’ MMJ’ ’N’ N’N’ﬂ’ ™ T.‘l_’uﬂ/ﬂ& T_ﬁ_

— iy S— —
—

2s 2p Y s Sd. Hp
d) Technetlum’r\" 1\‘]’ ,N’ﬂ'ji’ ii/ ﬁtw T\l’ ’_&ﬂ'ﬁ'ﬂﬂ ‘Nz:tl_ﬁl« :UJ.
25 2p 3 3y Hs 3d. 4p Ss
T11T1 1
Hd.
e} Tellurium
N A4 WA M DA L AR AN NN IJ.. N NANLL LT 1
W 28 " B 32p 4 BA 4p 5  Ha T 5p

2. Draw the noble gas core orbital notation for each of the following atoms.

a) Vanadium [Ay‘] % T_,L.;:rl.-“_

b) Tungsten [XC] i_. Mﬁ_ﬁf&& ’f__ t1 1.1:

* ox@apium bs hid et

afesium [Xe 1AL Nt 2t A
bs “F Y%

* excephion

d) Plutonium ERY\—] 4\1* Tt 1r1+4 T

F orcaphon & 6L



24

4.3 Practice and Homework

1. Are each of the following sets of quantum numbers allowable or not allowable? For the ones
that are not allowable, state the mistake(s).

a) n=4,1=2,m=0,m,=-% allbwed , .

b) n=2,1=-1,m=1m=+% not allowed; L camst bencaahves s0 me is miorect
¢) n=3,1=0,m=-2,m=-% net allowed;, me =0 \Fe=0 . - .

d) n=5,1=-3,m=4,m=+% wot allewed , 2 camct oo negehues 50 Mg, 19 incowect 170
e) n=4,1=2,m=-1,m,=-1 woet allowed;, Mc acain mly e + Y2 ov -Y2

2. Write the unabbreviated electron configurations for the following elements:

1
a) Sodium 1s22s% 2pb 25

b} Iron 152252 2pb3s2 bpb Hs? 3d

o Bromine 482252 2pt3s? Bpe UsZ DA 4p°

3. Write the noble gas core electron configurations for the following elements:

[A-idsZ2a7

a) Cobalt

T )5 4d'® (sec scchm on excephms)

b) Silver

[¥el bs? HEY 5d2 (sce sechm on exeephs )

¢) Europium

4. Determine what elements are denoted by the following electron configurations, and indicate the
valence energy level and number of valence electrons.

a) 1s252p 36RO Swlfur o, n=? s valerie oncgy level ) 2+4=6
valenes &
b) 1522572p°353p*astsdao’s® Rubidium, n=91s Valence

energy lC\/C/l') i\f_‘_}-lm
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o Kis@dos®  Antimay, h=0ls valenes ooy lovel 2*‘3 = '5.‘

5. Draw noble gas core orbital notations for each of the following atoms: % es
a) siicon [ Ne _1’;_\51'_ 1. ?,:Lé s
b) Cobalt T A7 % ﬂﬁ’_%’l‘_’f_
¢ Iridium [ Xe _Z_;\z_ I&ﬂﬂ%‘:\:ﬂ’ﬂl_ _i'__"l;;_d’/f_ T
9 EOUM rye) 0 &L@%&.’LL T cs:;;;ch*?m:)w

Lesson 4.7: Periodic Trends

Because the electrons are laid out in such a reguiar fashion, you would expect the properties
of the representative elements {s & p block) to follow regular trends, Before we talk about some of
these trends, we need to review and discuss a few terms.

- Valence electrons: electrons in the highest principal energy level
- Core electrons: all other electrons

How far (in which energy level) the valence electrons are from the nucleus is going to help
predict the properties of the elements. All the trends depend on the attraction of the valence
electrons to the nucleus. This attraction can be explained in two ways: effective nuclear charge {Zeff)
and shielding.

Effective nuclear charge (Zeff) is the net positive charge experienced by a particular electron
in an atom from the nucleus. The effective nuclear charge experienced by an electron depends on the
number of electrons that shield the electron of interest. Shielding is the phenomenon where core
electrons act to offset the positive charge of the nucleus as seen by an electron further away. Core
electrons screen a portion of the nuclear charge from valence electrons.

The effective nuclear charge can be approximated using the equation;
Zeff=Z-S

where Z is the atomic number and S is the number of core
electrons.

For example if we look at the 2nd period elements
nitrogen and oxygen, nitrogen has 5 valence electrons, 2 core
electrons, and 7 protons. Using the above equation the Zeff
for nitrogen is 5.

Zeff=7-2=5
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This means that the net positive charge from the nucleus to the valence electrons is 5.

Now comparing this to oxygen, oxygen has one extra electron

,/".*\\ and one extra proton, but no new core electrons. The addition of that
Alex LeMat- Sclenca extra proton in the nucleus is going to increase the net positive charge
1,22322,, and thus increase the attraction of the electrons to the nucleus, as can
u% be seen by a Zeff of 6: Zeff = 8-2 =5,
The greater Zeff is the more attraction there is between the
\ electrons and the nucleus implying there is a stronger pull on the
"'*'/ electrons from the nucleus.
epiieducatanab @T‘M/ Xiue (Michelle) Xie, UC Davis
Two elements within the same group are / \
going to have the same Zeff, however the
attraction from the nucleus is not the same due ‘ =
to shielding. One way to imagine shielding is to ""J
. ; ﬁ% N
think of being at a concert or theater ‘x\\
. £ "i, \\ . &@% R
performance. If you are in the front row, you ST T R T IR
have full access of sight and sound to the artists, /(T( Tf‘}' 2 %" RITACASAS 1r‘ RN
however as the number of rows and spectators, Gy ¢ L ) f( Tk \ he '(., iy
energy levels, between you and the stage & ¥ ! ..q E e ,\r‘" YR

increases your view and quality of sound
decreases. This is shielding. As the number of
core electrons increase the net positive charge felt on the valence electrons from the nucleus is going
to decrease. Shielding decreases moving down a group {increase in core electrons), but remains
constant within a period (core electrons remain the same).

in short, Zeff is used to explain a trend seen within a period and shielding is used to explain a
trend within a group.

Atomic Radius
— 2r —+|

Atomic radius is one-half the distance between the two
nuclei in 2 molecule consisting of two identical atoms. Notice
the trend is for atomic size to increase as you go down a
column, and for atomic size to decrease as you move across a
TOW,

Cl

As one moves across the 2nd period of
the table, energy of the valence electrons
remains approximately constant. The
effective nuclear charge, however, increases.
The eiectrons are being pulled toward the
nucleus more strongly on the right side of the



