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Chemistry Unit 4
Primary reference: CHEMISTRY, Addison-Wesley

Topic

Essential Knowledge

Scientific
Investigation
1.4

Use chemicals and equipment safely.

Accuracy is how close a measurement is to the true value. An accurate

SOL 1a,b,f measurement has very little error.

[Percent Error = 100 x [ accepted value-exper. value | /accepted value]
Atomic Niels Bohr proposed the planetary model of the atom with electrons located
Structure and in distinct energy levels (orbits) around the nucleus. Louis de Broglie proposed
Periodic that all particles have wavelengths. (including electrons). Max Planck proved

Relationships
2.3

SOL 2d, 2g, 2i

that a photon’s wavelength is proportional to its energy. Schrodinger calculated
the theoretical shapes of electron orbitals (s,p,d,f). Heisenberg developed the
uncertainty principle concerning an electron’s location and velocity.

Electrons are added one at a time to the lowest energy levels first (Aufbau
Principle). An orbital holds a maximum of two electrons (Pauli Exclusion
Principle). Electrons occupy equal-energy orbitals so that a maximum number of
unpaired electrons results (Hund’s Rule). Energy levels are designated 1-7.
Orbitals are designated s, p, d, and f according to their shapes(sphere, dumbbell,
4-leaf clover.) The s, p, d, f orbitals relate to regions of the Periodic Table.
Valence electrons occupy the highest principle energy level of an atom. All the
elements in a group have the same number of valence electrons. An element’s
electron configuration determines the number of valence electrons. Example:
Bromine’s valence electron configuration is 4s%4p® with 7 valence electrons. The
outermost electrons in an atom are called valence electrons. The period (row)
number on the periodic table corresponds to the outermost energy level occupied
by the valence electrons in an element. Elements in the same group (column) on
the periodic table have the same number of valence electrons

Lewis dot diagrams show the valence electrons of an atom. The electrons
(dots) are arranged around the element's symbol.

Metallic bonds consist of the attraction of free-floating valence electrons for
the positively charged metal ions.

Study Support

Ch 13: Read pp 361-
364 on development of
modern quantum
mechanical model.

Ch 13: Read pp 364-
366 on orbital shapes.

Ch 13: Read pp 367-
369 on electron
configurations and
Aufbua principle.

Ch 13: Read pp 372-
381 on the relationship
between atomic orbitals
and atomic emission
spectra.

Ch 15: Read pp 413-
424 on ionic
compounds. Read pp
427 on metallic bonds.

Nomenclature,
Formulas, and
Reactions

3.3

SOL 3a, 3d, 3e

Bonds form between atoms to achieve stability. lonic compounds are formed by
the attraction between positive and negative ions. lons are formed by electron
transfer from a metal to a non-metal. After electron transfer, both ions meet the
octet rule. The octet rule is the tendency of an atom to take on the configuration
of a noble gas.

Ch 6: Review pp 146-
156 for naming and
writing formulas for
ionic compounds.

Molar
Relationships
4.4

Dissolving is a physical change that involves heat. When an lonic compound
dissolves in water it breaks into the ions that make it up. This process is called
dissociation and can be expressed by an equation.

Ch 17: read pp 483-485

soL 4d Example: NaCl(s) > Na*(aq) + CI'(aq)

lonic compounds that dissociate completely in water are strong electrolytes. DN‘ ///L
Phases of Specific Heat Capacity(C) is a physical p roperty of a substance. Ch 11: read pp 293-302
Matter and | on heat capacity an V1
Kinetic is use to calculate heat, mass, specific heat or temperature change respectively. | specific heat capacity.
Molecular Specific heat can be used to identify a substance, Read pp 307-311 on
Theory molar heats of phase
5.3 Atoms and molecules are in constant motion. Forces of attraction between changes. Review the
SOL 5d,5e,5f molecules determine the physical changes of state. The intermolecular forces temperature line graph

must be overcome in order for a substance to melt or boil, Phase changes that
require heat (like melting or boiling) are endothermic. AH is positive for an
endothermic change. This means heat goes in. Molar heats of fusion and
vaporization can be used to calculate energy changes.

Phase changes that give off heat (like freezing and condensing) are exothermic.
AH is negative. This means heat is released. Molar heats of solidification and
condensation can be used to calculate energy changes.

Heating and cooling curves, known as temperature line graphs, show the
energy changes that occur as a substance goes from a solid to a gas as
temperature is changed.

in figure 11.15 on page
310.




Objectives for Unit 4
Chemistry, Addison-Wesley, 2002

Topic Outline

1))

1)

Thermochemistry Part 1(Chapter 11)
A) Types of Energy
B) Exothermic and Endothermic processes
C) Heat Capacity and Specific Heat (p 295-299)
1) Calculations using specific heat capacities (p.299: 1-3, 8-10)
2) Calorimetry (p. 300-306)
D) Changes of State and Heat Changes (p. 307-3 13)
1) Phase Changes and Interpreting Heating Curves
2) Molar Heats of Fusion and Solidification (p.309: 20, 21)
3) Molar Heats of Vaporization and Condensation (.311: 22, 23)
Electrons in Atoms (Chapter 13)
A) Review Rutherford’s Model
B) Bohr’s Model
C) Quantum mechanical model (Schrodinger & Heisenburg)
D) Atomic electron orbitals (s,p,d & f) and electron configurations
E) Identifying valence electrons

I11) Tonic Bonding (Chapter 15)

A) Valence Electrons (read p413-414, Problems p 418#1,3)

B) Octet Rule (read p414-418, Problems p418#2,4,5,6)

C) Ionic Bonding (read p419-421, p 421#7)

D) Properties of Ionic Compounds (p422-425, Problems p 425#9-13)

E) Properties of Metallic Bonds and Metals (p427-428, Problems p429#15,17;)

(SOL) Learning Objectives

N RN N i

10.
11.
12.
13.

14.

15.
16.

(4e) Identify a process as endothermic or exothermic based on whether it absorbs or releases heat.

(5 Memorize and use g=mC AT to solve specific heat capacity and calorimetry problems.

(5e) Calculate energy changes during phase changes using molar heat of fusion, molar heat of vaporization,
(5d) Identify freezing point, AHfusion, AHvaporization, and boiling point on a heating curve of water.

(2f) Determine the # of valence electrons and electron configurations for anions and cations

(3d) Explain why ionic bonds form in terms of electron transfer and the octet rule

(3d) Explain why Hydrogen, Lithium, and Beryllium break the octet rule in ionic compounds

. (3d) Predict which compounds will be ionic based on their position on the periodic table.

(2h) Define an electrolyte

(2h) Predict which compounds will be electrolytes

(2h) Tllustrate what happens when an ionic compound dissolves in water.
(2h) Explain why metals conduct electricity

Identify the contributions of Bohr, de Broglie, Planck, Heisenberg and Shrodinger to the development of the
modern atomic model.

Use the Pauli Exclusion Principle, the Aufbau Principle, and Hund’s Rule to determine electron
configurations.

Identify the shapes of the s, p and d orbitals and the number of electrons in each.
Provide the spdf orbital electron configuration of elements using the periodic table.
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Chapter 11 Noteguide Part 1: Energy and Changes of State '/—A

LENERGY CHANGES

\ efinitions (MOVW) ?\ J]\
. gngrgty:____camall’\n “7) clo _Wox K oY
Potential Energy: g"!()f 0(\ IMIA 9 !’ (’&A ’F U\L( / ‘AIOOA j—ﬁ«c( >
Kinetic Energy. @pdaty_ dwe ~ 4o Mo’h on K E= 7 my? ofi

. ien_A_foren 2 0f %M% b, P
HOT —> (oLD dme = reasiwe of hazd)

Thermachemistry: §J1ﬁ(\\A O“F kQG CV)O//) M
'!’h CJ/\QM\‘?’Q( P(()CQSSQS‘ W@%

B. Exothermlc and Endothermlc Processes

Processes that absorb ( f,ﬂdﬂ ) heat or release ( 6@ ) heat.

Definitions

4N
Y

d,\ssolvms H JA
onsider (s) +Cl(a 'N ‘,{C‘ Ssolved,
o Gmmm:r%lhtmm and -, absarbed
e y H*ﬁm
O
_r, G‘F‘HI'O —_ﬁgﬂR T?._ ‘FOf 'Hzo t
=20% =10°C  (endothermic)
NHyC( ¢5) (gﬂ’r colder)

'tH“ Enthalpyrﬁ.ummum for ‘heat* Q@ (nshnt ‘O{eSQMe,
V Cheat b a_Systen.
System: faﬂ/ &t "(Amve/vse, ot ug.uwe 95/\43 j

Surroundmgs /WVV( H’\ W4 2l g@ ,
AH chazngQ/ in~ Negh" o Chan ange_1n enthg] (gxpw)
Endothermic Process: HQG“" 'HMQ (NTO g\AS"@V] +A | pr]
Exothermic Process: ‘H(O”’ -F ¢ wsS ) Vﬂ/ O‘F) Sy S’k/m . —A H

- - )




E=mc*

Another example of Endothermic and Exothermic processes
ice melting in glass of water:

207

S\\fk/m :‘\‘ce, cubes] (@—S"C)
. Sarmndings. Wokwr (@ZO°C>
20 C (_M(H v'ﬁom lhb rce)

Ik ¢ H,06 +uEAT —> H, 000
¢ )( A 1Y/
%’ u( L C ' > H2U(O

Law of Conservation of Energy: | e creakd  noc
_doshaygd .. Only TRANSFERRED!
. gimtgﬁ:mﬁv AND SPECIFIC HEAT CAPACITY \%)0
{
Joue )y _SX  onit o exemu one(kJ)- (000 4

lcalorle AM(M(\‘\' 0’? WQK)J Y\!QAQA/ ‘k‘D rarse o
lomp of 2.0 4 +f .0 by A°C.

Snd
10 /3/ — |(XX! calone 1 Calorie (food labels) and 1 calorle 4184 J

o T // Specific Heat Capacity: The am U\M\‘\' C/‘F \Mad’ ( WUL
woded b mise de domp of ¢qerle

@ Symbol: C Units: . T

Equation:

.-_eat (T e ca\\
£ o spute bt cogualy  m DNASS

— m (/ATTG—:ZZOC T}.:\Zbc
AT =Te-Ti = [2°¢ —22°C

=[-10°C |




"y~ q=mesr

B. Solving Specific Heat Capacity Problems BT: Tz - Tn
o 9=mCAT AT =T, 7,

The equation has four variables: “q” is heat in Joules; “m” is mass in grams; “C” is specific heat
capacity in J/(ge°C); “AT” is change in temperature in °C (the change in temperature is the final
temperature minus the initial temperature, or AT = T;— T, ). This equation is only valid if the

substance does not change phases. Identify the variables, then solve for the missing variable.

Sam le/Bloblems NI S £ J-'i +13 °C; |
1 A 500 %sample of iron changes from[22.0°C to 35.0°C.| The specific heat of iron is known to be

04 +°C). How much heat was added? vV Y
= (aT

= (500)(0.46) (+H3)

m AT ZQQO$7

2. AlSOO. glsample of water changes from £2.0° to 35.0

_ °C.| The specific heat of water is known to
be 4.18 J/(geC) How much heat was added?

=M a1
=(S60)(4.1 &)(+13)

=21170 7>

A
3. Wheof heat is added to a sample of aluminum, it§ temperature increased by 15.3°C.
Given that the specific heat capacity of ajumiinum is 0.90 JI(@'rC)\what is the mass.of the

sample? = [’ N

g _ 9 32 ‘__ﬁqS’ 3
X ‘/S% 2% M T ~(a0)(153 =

FY= MK
4. lttakes 78.2 J to raise the temperature of 45.6 g lead by 13.3°C. Calculate the specific heat
capacity of lead.

+
™ . iY
6”/ g A 142 g sample of silver at a temperature of 19.6°C absorbs 61.30 J of heat. What
is the final temperature)of the sample? [Cag = 0.24 J/(g=°C)] (Ans = 21.4°C) /’LA\A:;C
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C. Calorimetn X
coimery. The  wsmt  ef  at enemy O(ﬂaw

&y dunny tal ov chomical S (%f
lv\sh/wvmr WS Wa

nwetd b wmemwe mfcmw

Calorimeter:

(s )

Muo = Ho.
— C/:::, = %1()%4 3 G ,=(U0) (W) (-10)

ATuzo"lO‘C q/ |b_,3 b T

= gl
N

20 g
- ' I ) = g ] - d
o (—l673'6> - ‘;’ o Q“ Ne, )

Il. Heat Changes Required for Changes of State (Phase)

\AH\WMhW\

A. Phase Changes '3

Ao Lveity, M
&em +

=3 2 9I|qu1d sk - ) N

Solid é as
— Energy "/ r\ & Em«jg

o' @t conamsah'on

Heat is absorbed or released when matter changes state.

Interpreting Heat Curve for water @@,@A 'r 9( ,Lh./——,ﬁ/ phdé& Chﬁ/i'),u

added —> (3')

~Does water increase in temperature«duringibﬁééé ca ges’?z}

WNO.
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B. Molar Heats of Phase Changes ;
(—Moiar heat of fusion: AH&;IW =L l—(:@g : HQ{Z]L 61‘9?0\(‘3(11

_%i mde  of  Sonpdhing IVLZ/H‘S
s \/ Camast ) A g | o T/rm( ; C“%J/ ot L% el
“ ] Molar Heat of Solidification: A H s Heq pr <¢

'{L‘zo o V{Lﬂ' vthd\v of Sy rbafjo//lfﬁ'@

/ AHysion = - AHsolidjﬁcatio?l
Molar heat of vap:rization_QH_ger'- hnd O‘F hza# 0‘?5(/\//01& wWhen 6]-6{(';4&
o
Molar Heat of con&ga(t)ion: JAN Hﬁc@ . AVVH of M@L reeased (/l/L%r,
| G [ .

AHvap. = - AHcong. J

Molar Heats apply to phase changes The units may include:

calo;ies/gram

possibihe axe, g, end(w.

Solve the problems as unit analysis problems

C. Using Molar Heats in CE
Example 1: How many gr.
cube at 0°C?, "AHfusion = 6.

2-2—‘ X }’2;‘( , y; 6 753 HzOCS)

Example 2: How manﬂiklloioul sI fh Id be rel d whef(36 04 g Df st
cc))(ndenses to water at 100° C’?e d _ggj_wou el ed
H20(g)> H,0() @;\ i [ >l Sz
. 0 l-( 0c (
36,04 g Mallgy 1ot n o] L e
l‘l Q%/ﬁ/x
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Molar Heat Calculations Practice
molar heat is given in J/mol or J/g or callg, so use itas a conversion factor

N
"} How muclrheat)s required to melt 500.9 grams of ice at 0°C? The heat of fusion of water is
80.0/cal/g ] '

7 1.
M)/amw" SOOC{%/H{O(Q) y 0.0/ zal L(tO(b
—

, 2 ()

How much heat is required to vaporize{13.1 grams bf methane (CHy) at it's boiling point, which
has a heat of vaporization of 8. @D
(3.0 g e, N pecl V XD

@ How many grams of neon must crystallize (solidify) at it's freezing point to release 560 J of
heat, given that the neon’s AHgusion = 330 J/mol?

Interpreting a Cooling Curve for Water
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Mixed Molar Heats and Specific Heat Capacity Problems

Use the heating curve to tell which is which

T Specific heat capacity H,O(s) = 2.1 J/(g°C)
Specific heat capacity H,O(l) = 4.2 JI(g°C)

Heat of fusion H,0 = 6.0 kJ/mol

Heat of vaporization H,0 = 41 kJ/mol

1.How much energy is needed to raise the temperature of 150 grams of ice
from -20.0°C to -5.0°C?(Ans = 4725 J)
2.How much energy is needed to vaporize 52 grams of water at 100°C?
(Ans = 118 =120 kJ). ’

3.How many grams of ice at 0°C would be melted by adding 820 kJ of heat.

(Ans = 2500 g ice) ,
4.How much will the temperature of 850 grams of water increase if 16,000

A4

ht

ht

ht

Joules of heat is added?(ans = 4.5°C)




Chapter 13: Electrons in Atoms

Review of Rutherford’s Atomic Mode}{1911)

What How

Discoveed e

WS M i:
|3Mmos@ m@ W

G o, |~

Model

A ul (Mn)
A. Important ferms
c 1. gtoml ngmber number of protons-whole number shown on the periodict ble
ne
|Z-°\ 2. .mass number number of roton eutrons

4. atomic mass: weighted average of isotope masses. Listed on the periodic table.

B. Symbols for Isotopes NOMval (P”&)

)

protons, belectrons, z neutrons

N.’Mgé’ﬁifﬁ

3. isotopes: elements with the same number of protons, but a different number of neutrons

(¥ ] (2 2L,
— protons, _& 9 electrons, -~~~ neutrons
—— protons, electrons, neutrons
a— P —— P
C. Practice o
#
ISOTOPE ATOMIC # | # PROTONS NEUTRONS MASS #
Fe
36 40
N
/ 13 14

How many neutrons are in F-197?

How many electrons, neutrons and protons in Zinc-677?




An Aside About Light and Energy ,'_—|

3
Light is fast. It travels at, ?3 D X l O ! £ . (distance O)Aér time is
which is the magnitude of velocity). C "isthe constant that represents light's speed
na_NACUuwnw) . % E=mc?
ov '

\

q v E}Dfrequencﬂ(fg , called “ I[)!A ') x Light wavelength ( 1 , called * |Gmbc10\ Y=c¢

Maﬁmeooxdetermines Said " BErgay of lgat 1s
N7 J Pmﬁlux/h‘mal s < #m‘h(mf;d“ Ex<v #+

=) ﬂf = |
| ;E < J El/ .
Equations: | ’ N
Energy of light, using frequency: h=6.626 x 103 J-s  aaiil
h h v (“nu” not “v) = frequency unit: /s =s'= = Hz)
| E=hj=hvy
camslan'f m
Energy of Iight using wavelength:
N f—“{ (i .
\ﬁ \‘ ks E h _77{_ LargerA =
‘' lower v
4 P
Red Orange Yellow Green Blue Indigo Violet
Wavelength ' wavelength
=7.0x10"m ) 4x10"m
 Low Energy _ High Energy

o

Louis de Broglie (1924) determines A’(l MO ‘Hf/( h M M\/’éf‘l | k@
P Peq/—[\@ BlG @/ﬁ‘(u& small waves.

,Ni"'«‘ \ pou heeun = 9@{ 2 Wogves
[}

The de Broglie Equation | & Interpretation: h V\" Pl an CK( S
,>\= Wb >< Cawv SHan+ |

m-v Y
I =2 _J beaxio™ T

What did the spectrum tube demonstratlon show?

Ml 2 hive &  Lngue Spedwm...

O have  uwngwe €uchm
b& Mﬁ (mi\fmv\mh(ms D




Bohr's Model of the Atom (Powerpoint)

What \ How Model




O

sodium , Eotassnum e,

The number of electrons in the outer pﬁncipal energy level (or _\/(A \Lﬂ @_ shell) is the
same within a group.

The number of principle energy levels is the same as the E)@( | O(_l, :‘T
So why isn’t this model good enough?

The Quantum Mechanical Model

A. Erwin Schrodinger used Copn (MK ™ MJ’MMM’I?A to calculate where electrons
probably are around the atom. His mathematical models were revolutionary to physics.
Kinetic " Potential _ E

Energy © Energy

Classical

1 1 Harmonic oscillato
Consemvationof 5 mv2 4 7 kx 2 =g e:larmp[;. scillator -
Nowinsiaws  F=ma=-kx SCHRODINGER'S CATIS BGW
Quantum The energy becomes .

RILIVIE

2 ) Acpiig
Conservation of ol g 1ix® the Hamiltonian operator
Energy om - = _w Wavetunction
h

Schradinger N o
Equation H P L] E‘{; i o n
in making the ho ¥~ Energy eigenvalue )
cranss:iong to 7 » M X X for the system. R l @J\
i l ’r » £y
el il epe The form of the Hamiltonian
faky;thé formof  H -»—1-__ L kx2 operator for a quantum
“operators”, 2m gx? 2 harmonic oscillator,

B. Werner Heisenberg adds the Heisenenberg Uncertainty Principle:
Cot _Ynow  Yhe ppsthen  AND  Avap >
Vilooha — of  on  Pukm - |

> ) s au, 1 tp=m Lo

Y

Ax.mAv> 41’
C. The areas Where an electron can probably be found are called i
va( al . (The areas where electrons will be unlikely are called ﬂ(x\ﬂb )
Clowd
is




(spinning in

D. Each orbital has a specific shape and can hold up to
opposite directions).

a. Howis tthln of arjelﬁnoted in models’7

E. Organization of Electrons

Energy




Description of Sublevels

1. “s” sublevels have 1 orbital — it is %Dm shaped @

2. “p” sublevels have 3 orbitals — they are [ dUW\ })CU / V’U"‘é@ggd” ocg%
é@ 3. “d” sublevels have 5 orbitals — 4 are &(OV@Y (606('— shaped, one “pacifier”

4. “f" sublevels have 7 orbitals — they are ( Jﬁ %U

What orbital type is this?

S ’
How many electrons can go in
this orbital?

e
s |

How many electrons can fill
(l/(7 each p- orbital?

shaped

s

Ve

4

How many electrons can fill 2
. . 2
this entire p-energy sublevel?

be

The p-energy sublevel is made of all three
3D orientations (p,, py, and p, together)

How many electrons can fill
each d-orbital?

le”

How many electrons can fill

this d-energy sublevel? \\

\Oe_




4 /V
F. Filling i;} the Orbitals in Quantum Mechanics

l - e.-

1. Aufbau Princip&e:‘ & UP

Electrons fill the \O«Jés)r E -\evels first.

2. Pauli Exclusion Principle (PEP): 1\\]/ 0’4 1‘/

Only Z:C electrons can be in each orbital (two per box or line!) and they must have /‘\ \b
Ol\')“j(r)gl‘("e, magnetic C;t{)m S . (two different arrow directions!)

N

i ]
3. Hund’s Rule:

When electrons occupy orbitals of _ € @Ua \ NI\, theyfillin singly with
- J
aligned spins before they double up (space out if you can!) Tﬁe bus seat analogy...

T

L Foe




W

=

Increasing Energy

326/- " Ge/mamum

Electron Configurations & the Aufbau Diagram

Tp
6d
5f
Ts
6p
5d
4f
6s
Sp
4d
5s
1 4p
MW IUTAGS
1‘£ 4s
W1l 3
1/ 3s
T A 2
e
W) s

Cro - 1S* 1526352 3p4 Y52 31

Rules to fill it in:

1.

2.
3.

Electrons enter lowest energy first. (start with “1s”) [Aufbau Principle]
An orbital can have at most 2 electrons with opposite spins. [Pauli Exclusion Principle]

When electrons are filling orbitals of equal energy, one electron enters each before they start
to spin pair (double up). [Hund's Rule]




B NG~

#electrons = 3 e-

]2
WL \8%2s ]

# electrons = __I 6 -

-
# electrons = 5 e

U__IZI:IEP
3 79 .2 '
i ‘5 1S ZF

# electrons = l Oe -

ay: \SZZS ZZFL

#electroné = 20 e-—



[As| # electrons = 336
O\Q 0 [1?'\ 7 l dp

m2~;
ii

OY 0 # electrons =

Complete the alternate form of the Aufbau diagrams below:

MEEL B W%y % 11

L2p _2p 2p 4 3s 3p 3p 3p 4s  3d 3d 3d 3d 34
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Chapter 15: lonic Bonds
. Val Elect
A defmition: .~ €7 ondlerviust shell
C\/\MW ewagn') These pond. !

ﬁ B. Lewis Dot Structures showmmectrons as MS ; the symbol Q,

represents the core electrons (which is everything but the valence electrons).
Lewis Structures show bonded atoms as (‘MS .

Lewis Dot Structure Example (single atom)

) .. .N‘ (_5V.C.) C\ (1 \lt) y Aﬂ(:(ﬁ vc.) .e.
' i-es/qis Structure of Molecule - Dots Only:
\6‘\_} €“'o pd (shom 7
Lewis Structure of Molecule using Lines for Bonds: /fO (2 e is &
H \H !JM)

Group @ 2
Mol [Akate

Example Nak' 3 CO\' )

Sva = <

II. Octet Rul
A. defmtljtleon CZJ}M}Q are 9&[&2[(0«'!@'4 Wwigve-

ol wf we (b gt e "KET)
B. A full valence shell is very S\ $~‘ab\2, (which is happy! ©). Therefore, elements gain or
3 <>

lose electrons to reach a full octet.

< Ntk
« configuration example: Na = \St ZS e ZP b ggq W ‘

1% 15 16 17 18
| N oV Halugon N - Giaseb

$ir| 0 |8 |t L

T

@:s

S C e conﬁguration example: S = \SZZSZ ZFngg X




He: | @

C. Exceptions to Octet Rule in lonic Compounds

)
Is‘“

VS i
T - g4¢

-

Helium is happy with 2- valence electrons, so we call this exception the

i {\&+ rule. Atoms with atomic numbers close to He (such as H , Ll , and

. , HEt el 1el 9
%) will be happy with 2 electrons.g;[?gy an'tfit8! |5 )/;;{@
v

N/

;qum’

Terminology: iso- means _ SAMY_ or _ 6Y\Z_ (think: isosceles triangle)
-electronic refers to the number of o-f' e” )

«, what does isoelectronic mean? S~ # O'F e

Concept Check:
- Are He and Ne isoelectronic with each other? ]J O Z 'T <E o 10

Y
- Are 0% and Ne isoelectronic with each other? \{Q\S

o | t ’
- AreF and Cli isoelectronic with each other? d/\

/
- Are@')and " isoelectronic with each other? \((’.S // .

—_—

- Which noble gas will iodine become isoelectronic to when an iodine atom is ionized?

Xenon

Na+ will lose one electron, to become isoelectronic with N QOV\
Je52 3=
- Which alkaline metal is most likely to ionize to become isoelectronic with the noble

gas Krypton? S ( D
- Are Mg®" and N* isoelectronic? \{QS (“‘0 N o -




D. A couple of other octet rule exceptions:
Boron (B) actually prefers to have valence electrons (and it's stable that
way!), rather than 8 like many others.

Atoms from sulfur and beyond can sometimes have more than 9. This is called

I1. lonic Bonding :
A. Question: Where do anions get their extra electron(s) from anyway?

Examples: (NaCl, CaF;, MgO, LisP, K3S)




IV. Properties of lonic Compounds

lonic compounds are held together by %kﬂ)’!ﬂ Q(Q&({o 5”’&"")(/
Electrostatic attraction: f)DD Ch(wrgﬂk W ‘("l ( (-Q.D
Sy athaek  to  0alln  gHnes!
y g/ A. crystal structure: aD (614 djj( | M)-e/h'h\/\e OYMC‘}'&L’
lothee cuwm/m1nJaN%-GF ®huns .

NaCl i

B. electrolytes: ,Om(/ CGMQQUA/)AA ‘\’VIG‘P (/\JM dA\SSOqU‘lA/
N\ﬁ M M20, condingd  elochizity

L \/
b CeNLryeéSs
In oJﬁ s
T C. high melting points . emuscles’

Honie QWﬁ' hjh MP
1

M + Nm
V. Metallic Bonds

A. caused by attraction of eloc 7"Y(/V\b { WMW\ for the positively

charged [\ A C LL( A\ O‘H\M O\W

B. metals are good COY\d\A (7('06 because of these free floating electrons.




metol o

Ever notice how some metals, such as steg/, bronze, and brass aren’t on the periodic table???
m— mm—

These are called A’LLO\(S . An alloy is a solid mixture of metals.
Two (or more) metals are e l4 'QA , then mixed together while they're
still ( \‘0\ U\I'A . After the hot liquid metal mixture cools, you have an alloy.

It's great for musical instruments due to how sound waves resonate (propagate)
through the metal atoms!

Frass ismadeof COPDRNY~ and Z2INC

Bronze is made of COW‘?/( , tin, and other metals.
Steel is made of I , carbon, and other
elements. i .
: Qb ‘ Jewelry... what is “white gold” and “rose gold"?
L S il Jewelry is often an alloy. White gold is an alloy of
!’f T / T / £ gold and another metal, like nickel or platinum.

W-Lmlll(c bonds keep it together, of course.

Wbl FE Gal D YELL AW GOR S FLATINUAI
——— am— e e

Investigation Questions:

Why is it not a good idea to have jewelry that is pure gold?

R goid 5 wealy brte, malleable

What makes stainless steel special? And why doesn't it stain easily?-

Coaled w\J«h mnderal Hnat
W Oxdah'om

OYO Terms to Know:

Malleable

Conductor

Ductile

Brittle




Writing lonic Formulas from Names Review

Identify the charge of the anion

RN =

metal.

Magnesium carbonat
Sodium phosphate
Strontium Nitride
Naming lonic Compounds Review

Name the cation \

Name the anion

el A

Figure out the cations charge if/needed

I K

Identify the charge of the cation (see periodic table)
Use empty parentheses if you don't know the metal’s charge immediately

Identify the charge of the metal by canceling the anion’s charges
Put the chayge of the metal in the empty parenthesis. This is the oxidation state of the

Calcium nitrate /
y, //
Tin (IV) chidride

4

Coppér (Ill) Sulfate
/

/.
Does the cation name need a pargntheses

Li2O ' /

CaCl, / \
7
/ \
Fe(N02)3 ,.,/ \\y
4’/ \
BasP- / / \\
' f \\\
voHs /. \
//
Cr03 //
/

Srs(%)g

/
Z{(Noa)z
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Chemistry Unit 4

Primary reference: Chemistry: Matter and Change [Glencoe, 2017]

Topic Essential Knowledge Study Support
Scientific Use chemicals and equipment safely.
Investigation Accuracy is how close a measurement is to the true value. An accurate
1.4 measurement has very little error.
SOL 1a,b,f [Percent Error = 100 x [ accepted value-exper. value] /accepted value]
Atomic Niels Bohr proposed the planetary model of the atom with electrons located | Ch 5:
Structure and in distinct energy levels (orbits) around the nucleus. Louis de Broglie proposed | Read pp. 136-145 on the
Periodic that all particles have wavelengths. (including electrons). Max Planck proved electromagnetic spectrum;
Relationships that a photon’s wavelength is proportional to its energy. Schrodinger calculated | light, energy, and waves.

the theoretical shapes of electron orbitals (s,p,d,f). Heisenberg developed the

2.3 uncertainty principle concerning an electron’s location and velocity. Read pp. 144-148 on atomic

SOL 2d, 2g, 2i

Electrons are added one at a time to the lowest energy levels first (Aufbau
Principle). An orbital holds a maximum of two electrons (Pauli Exclusion
Principle). Electrons occupy equal-energy orbitals so that a maximum number
of unpaired electrons results (Hund’s Rule). Energy levels are designated 1-7.
Orbitals are designated s, p, d, and f according to their shapes (sphere,
dumbbell, 4-leaf clover.) The s, p, d, f orbitals relate to regions of the Periodic
Table. Valence electrons occupy the highest principle energy level of an
atom. All the elements in a group have the same number of valence electrons.
An element’s electron configuration determines the number of valence electrons.
Example: Bromine’s valence electron configuration is 4s24p* with 7 valence
electrons. The outermost electrons in an atom are called valence electrons. The
period (row) number on the periodic table corresponds to the outermost energy
level occupied by the valence electrons in an element. Elements in the same
group (column) on the periodic table have the same number of valence electrons

Lewis dot diagrams show the valence electrons of an atom. The electrons
(dots) are arranged around the element's symbol.

Metallic bonds consist of the attraction of free-floating valence electrons for
the positively charged metal ions.

emission spectra and

-| electron energy levels.

Read pp. 146-155 on
development of the modern
quantum mechanical model.

Read p 154 on orbital
shapes.

Read pp 156-162 on
electron configurations. &
the aufbau principle

Read pp. 161-162 on Lewis
dot diagrams and valence
electrons

Ch 7: Read pp. 225-227 on
metallic bonds

Nomenclature, | Bonds form between atoms to achieve stability. lonic compounds are formed by | Ch 7: Review/Read
Formulas, and the attraction between positive and negative ions. lons are formed by electron sections 7.1-7.3 (pp. 206-
Reactions transfer from a metal to a non-metal (ionization). After electron transfer, both 224) about ion formation,
3.3 ions meet the octet rule. The octet rule is the tendency of an atom to take on ionic compounds, and
the configuration of a noble gas. naming and writing formulas
SOL 3a, 3d, 3e for ionic compounds.
Molar Dissolving is a physical change that involves heat. When an lonic compound Ch 9: Read pp 299-300
Relationships dissolves in water it breaks into the ions that make it up. This process is called (ions and dissociation)
4.4 dissociation and can be expressed by an equation. Ch 14: Read pp. 498-499
Example: NaCl(s) > Na*(aq) + Cl-(aq) (electrolytes in solution)
SOL 4d lonic compounds that dissociate completely in water are strong electrolytes.
Phases of Specific Heat Capacity (C) is a physical property of a substance. Ch 15:
Matter and Read and review pp 516-
Kinetic is used to calculate heat, mass, specific heat or temperature change 518 on heat energy.
Molecular respectively. Specific heat can be used to identify a substance. The equation is
Theory sometimes seen as q = C-m-AT ; it means the exact same thing. Read pp. 519-522 specific
5.3 heat (capacity).
SOL 5d,5e,5f Atoms and molecules are in constant motion and they have more kinetic
energy (“energy of motion”) when they’re hotter (gas) versus cooler (liquid, Review pp. 525-528 on
then solid). Forces of attraction between molecules determine the physical thermochemistry before
changes of state. The intermolecular forces must be overcome in order for a reading pp. 529-533 on
substance to melt or boil. Phase changes that require heat (like melting or molar heats of phase
boiling) are endothermic. AH is positive for an endothermic change. This changes.

means heat goes in. Molar heats of fusion and vaporization can be used to
calculate energy changes.

Phase changes that give off heat (like freezing and condensing) are exothermic.
AH is negative. This means heat is released. Molar heats of solidification and
condensation can be used to calculate energy changes.

Heating and cooling curves, known as temperature line graphs, show the
energy changes that occur as a substance goes from a solid to a gas as
temperature is changed.




Objectives for Unit 4
Chemistry: Matter and Change [Glencoe, 2017]

Topic Outline
I) Thermochemistry Part 1

A) Types of Energy
B) Exothermic and Endothermic processes
C) Heat Capacity and Specific Heat
1) Calculations using specific heat capacities
2) Calorimetry
D) Changes of State and Heat Changes
1) Phase Changes and Interpreting Heating Curves
2) Molar Heats of Fusion and Solidification
3) Molar Heats of Vaporization and Condensation
II) Electrons in Atoms
A) Review Rutherford’s Model
B) Bohr’s Model
C) Quantum mechanical model (Schrodinger & Heisenburg)
D) Atomic electron orbitals (s,p,d & ) and electron configurations
E) Identifying valence electrons
I1I) Ionic Bonding
A) Valence Electrons
B) Octet Rule
C) Ionic Bonding
D) Properties of Ionic Compounds
E) Properties of Metallic Bonds and Metals

(SOL) Learning Objectives

(4e) Identify a process as endothermic or exothermic based on whether it absorbs or releases heat.
(5f) Memorize and use g=mCAT to solve specific heat capacity and calorimetry problems.

(5e) Calculate energy changes during phase changes using molar heat of fusion, molar heat of vaporization,
(5d) Identify freezing point, AHsusion, AHvaporization, and boiling point on a heating curve of water.

(2f) Determine the # of valence electrons and electron configurations for anions and cations
(3d) Explain why ionic bonds form in terms of electron transfer and the octet rule

(3d) Explain why Hydrogen, Lithium, and Beryllium break the octet rule in ionic compounds
(3d) Predict which compounds will be ionic based on their position on the periodic table.

. (2h) Define an electrolyte, and understand strong versus weak electrolytes.

10. (2h) Predict which compounds will be electrolytes

11. (2h) Ilustrate what happens when an ionic compound dissolves in water.

12. (2h) Explain why metals conduct electricity

13. Identify the contributions of Bohr, de Broglie, Planck, Heisenberg and Shrodinger to the development of the
modern atomic model.

14. Use the Pauli Exclusion Principle, the Aufbau Principle, and Hund’s Rule to determine electron
configurations.

15. Identify the shapes of the s, p and d orbitals and the number of electrons in each.

16. Provide the spdf orbital electron configuration of elements using the periodic table.

VPN AW

®

NI



Thermochemistry, Part 1: Energy and Changes of State

) \N'

.LENERGY CHANGES

"o Capactu d db 'wo r|< Su%(g heat
Potential Energy: S‘!BJY\@A/ e, @QJUS‘M%
(E"JW\\/ Kinetic Energy: ((‘@VW U A’) \IUJ’E M(Yh GV] ( Wi, ﬂ@t”'{éf >
veat_forn gt \é%mj (& TouLES &+ upt(T)

,(‘]MMIW na/&w

——>Thermochemist S"'\/ (L(l\ Q'P -enevgn,. chande v
C g 7r)lmsw:sJ (onussedN 7~
B. Exotherr(’c‘: and Endothermlc Processes 4 X A;( 'f&gm"'m@’j
greczic;eietsigﬁz that absorb (%) heat or release (_-Q/A) heat. ’ o E XoHarmic
Consider !ltel) NHa*(aq) + Claq) A+B—>C~ ’5—2";

¢ endoamie
l—Ba"’ <A ‘l"(s - C

l
T=-13C

Enthalpy: ( AH ;lem-F M a S\m\[e/m [ @ constant P )
Enthalpy i

ApSystem: Dart ot unverse ba\ﬂa "logled od*
Surroundings; U/MV\I"/\\M'Q QI'GU\V\C; S‘\LSJ(/M ( el S:Q,/,/,/ )
At ’(Inaan:J ‘'n™ hood (%%adou\

Endothermic Process: Hea+ 'R%é_.ﬁg; S&S"@V\A +AH
Exothermic Process: \'Q-QQ\’\/HO\I\IS_,L (J'F SQA) Sk/vv) "AH
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Another example of Endothermic and Exothermic processes
(—l—b H 3

ice melting in glass of water: 53 S

Heat in

. methng (Fusian)
T emdothavmite

Law of Conservation of Energy: QV Conno JM&A or

Crenked ... on  dransfoamed.

Il. HEAT CAPACITY AND SPEC\JIC HEAT CAPACITY

A. Definitions
*Joule(J):’nM/S‘ uwnid for 67\&%?1 :T} onekd=_l00OQ J
——70alorie: W, QW\“/ ’\D \alsl
A a of M0 %sj\-) 1C
! e 1000 calories = 1 Eoric (food labels) @

TR aiso, 1 calorie =4.184 J
Mm... A Snickers bar with 250 ‘Calories” (kilocalories) in food has 250,000 calories and ' 0"{6 600 joules.

 ~——Specific Heat Capacity: T]/\Q/ QW\’"”U( l/\QWL (;T) WA
o roise La of SOMETwuc,ﬁ 1°C

K (
Symbol:/ Unlts T ﬁ\\
wie) L

I==7
s& Equation: fq(" m CAt] \\///
a=__ =2 Neat (afz%ha/pu\ CT}/

) c= M‘F\t heat Capaa m= Mass> C v 33
AT= ”C‘/\(Ln ag. in ) D—@TUPHA/Q/

d
f c‘(—m (aT=CmsT @

4
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O B. Solving Specific Heat Capacity Problems

' q = mCAT

The equation has four variables: “q” is heat in Joules; “m” is mass in grams; “C” is specific heat
capacity in J/(g*°C); “AT” is change in temperature in °C (the change in temperature is the final

temperature minus the initial temperature, or AT = Tf—?) This equation is only valid if the
substance does not change phases. Identify the variables, then solve for the missing variable.

Sample Problems
1. AG00 gfample of iron changes frg
[0.46 J/(g*°C). |How much heat was-a

[s009 [ 17 g —(Soo)(o 4g)(12)

e AT= +(2.0°C
7 TN =046 Te)
2. A 500. g sample of water changes from 22.0° to 35.0°C. The sgecmc heat of water is known to
be 4.18 J/(geC) How much heat was added? L

m= Soeq (500)(uz%)(+l3)

= AT = +12.0°C
> = q(%(g/ Cf/ 27,110 T

3 Whef heat is added to a sample of ajuminum, its temperature increased by(15. 3°C
\lQ Given that the specific heat capacity of Aluniinum is 0.90 J/(g*°C), what is the mass of the

/ sample? = m="7

82 L
m= '%?\’7 (090)(15.3) 6'03 Al

4. lttakes 78.2 J to raise the temperature of 45.6 g lead by 13.3°C. Calculate the specific heat
capacity of lead.

4/ The specific heat of iron is known to be

5. A 142 g sample of silver at a temperature of‘19 6°C gbsc:gs i61 30 J of What is th
temperature of the sample? [Cag = 0.24 J/(g*°C)] q, M a1, ol = T2-T,.

Ta=7 l 4
CI/:: mM C(Tz "Tb
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C.'Calorimetry

" Calorimetry: —HAQ QrZssS Wy whithh éneay @
of o _cn' s basuced -
Calorimeter,___ O\ &MYL used k. weasue C alon'es
Mu,o-' Ho. H0.9
Z.O°C T2=9q°C ; a1 =-1\°C

—o"'q

_ _(_\"_"'.od L. T/(j *C)
@ —>—(-1340) = ‘—H%HOS‘Z
wom (H03) qsqf%)(_u,a) C19407]

Il. Heat Changes Requwed for Changes of State (Phase)
A. Phase Changes Sublimahgn

N
/ (L) VO o((zam ﬂqﬁl-bH
quuid/g—-__\gas L .

| E

dﬁ‘{) aSihon

===

Heat is absorbed or released when matter changes state.

|nterpretin or water <

>3
W
100°4- ’( ' AH vap ' (\)k
G P ;va()cm*za‘hw .
NG wa\@\)\v : :
Q_Ot__ é( AH-an W
£ 77 fuston ‘ .
‘— N O . . . o
O e :' 2R BT L
S s # U P ; o | ©
Ny & S0 ¢ ﬁ. : ﬁ;- A= |
> J
Does water increase in temperature during pahase changes? 4 AT > LY

No!!! So*aH T
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B. Molar Heats of Phase Changes

Molar heat of fusion: AH-(;S : T‘/\Q, aM"’_ O'F' Vga“’ (3— )
e noedod by el A pde of a %mbg‘anc@

“aincont 3741 I [imsl (d/ Mol &Y g
Molar Heat of Solidification: A H Sol¢d* —TT/‘Q. a""r f Wa'{
M RELEASED  wham .L\md\ “ree zen!

C AHuusion ¥~ AHsoldtcation > Lymd_of
Molar heat of vaporization AL( LO‘F ”Qa“’ M&L&L ‘R}V L ‘)CD

Molar Heat of condensation: & H(@A - LQO\‘l’ r QLQQ@F C; —4 t
AHvap. = - AHcond,

O Molar Heats apply to phase changes. The units may include:

But they’re ALWAYS L. E—}ﬂv over ﬁm (’/uﬁ'{' Solve the problems as unit/dimensional
analysis problems.

calories/gramm

C. Using Molar Heats in Calculations.

Example 1: <aw many grams of icevould be melted by adding 2.25 kJ of heat to an ice
cube g Hfus.on = 6.0 kJ/mol =

2.25 }a/x b,oﬁff” uﬁ.o%z& 154 u,_oj

Example 2: How many kilojoules of heat would be released when(36.04 grams of steam

condenses to water at 100°C?

A /M
H20(@)> H20(1) andHcona. = -40.7 kd/mol

9 3p0u %H it
0U ¢ ! -uo-(ﬁ“ @
l Z™ X \Q.O %-

7
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Molar Heat Calculations Practice (\
molar heat is given in J/mol or J/g or cal/g, so use it as a conversion factor y

1./ How much heabis required to melt 500.9 grams of ice at O°C? The heat of fusion of water is
B0.Qcallg.) By =
<00.9 o %0.0 cal
— —— X —

| 9

of methane (CHa) at it's boiling point, which _

#gansolmel] /T
a

M H,

2. is required to|vaporize:
has a heat of vaporization of 8.2 kJ/mof?

\2 | g CHy 1| M,ry %2 (@) _
o le.o”a/ L poet”

3~How many gramgof neon must crystallize solidify) at it's freezing point to release 560 J of
GYO iea;, given that the neon’s@Frusion =

(T [l ] ~Tqam-
13

rr '

5607, Ma!x;?;!?_i:)
\ 230 T | el

Interpreting a(Cooling Curve for Water

G>L
+ bHM.; ,
+§ S LS
? . sHgg, @

Roﬂy of a hza’(!'n_g Cirve
Hoort—>
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Mixed Molar Heats and Specific Heat Capacity Problems

Use the heating curve to tell which is which
4 Specific heat capacity(H20(s) = 2.1 J/(g°C)<—
Specific heat capacity H20(1) = 4.2 J/(g

—=> Heat of fusion H20 = 6.0 kJ/mol
Heat of vaporization H20 = 41 kJ/mol«=—

A 4

1.How much energy is needed to raise the temperature of 150 grams of lc\g
from@nﬁ’f?—(Wns 4725 J) =mcaT r/_/
=[4730 T ]

2.How much energy is needed to/vaporiz 52 gramsjof water at 100°C?
(Ans = 118 =120 kJ). L>¢G ﬁ

®
—"?@ __%% l“hngl Lw,(/ W%qf—@
-

i

3.How many grams of ice at 0°C would be melted b ddlng 820 kJ of heat
‘{/0 (Ans = 2500 g ice) i

$20 T wm‘/ _.t y
—x 60;3’ =|2 Soo

O\(O -How much will the temperatu@of 850 grams of waterincrease’if 16,000
. 7 = ° e EE————
—— Joules of heat is added?(Ans = 4.5°C) 5 .T/ §' %

7



Chapter 13: Electrons in Atoms

Review of Rutherford’s Atomic Model(1911)

What How Model

A. Important Terms
Z 1. |atomic numbey: number of protons-whole number shown on the periodic tabl%

M 2. tons plus neutrons | % g

3. isotopes: elements with the same number of protons, but a different number of neutrons

——

4. atomic mass: weighted average of isotope masses. Listed on the periodic table.

B. Symbols for Isotopes

—@protons,ﬁ_electrons, 2 neutrons

1. GF

C\A"OL( 2. %cu

L)
65

Zﬂprotons, ch electrons, i neutrons

6

3. Pb-202 protons, iz—_electrons, \AZ neutrons
C. Practice T ® 1 @ @
#
ISOTOPE ATOMIC # # PROTONS NEUTRONS MASS #
Ore 26 26 28 SY
oy | 30 0 | 6
EA] e 12 | 727

How many electrons, neutrons and protons in Zinc-677 ()\( 0
/

in F-19?
How many neutrons are in F-197 Qio/

®

10
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An Aside About Light and Energy

@

Light is fast. It travels at

2.00 x |08 m/[s

E=mc=

£z

. (distance over time is

speed, which is the magnitude of velocity). “

/fnu“

") x lghtwavelent ( L called “lambda, ") =c

in a QQ sasakm

\Y)
.__% V=
ight frequenc ,called*

" is the constant that represents light's speed

Max Planck (1900) determines (o ( or IS ye ( ’I‘D

ﬁEﬂMm ref. & ) %Wavé'

Equations: -sl(- = x—' EM

/I\ Energy of light, using frequency @.626 x 10 JsD)
E h )C v (“nu” not “v) = frequency (unit: s’ =@)
(f) ';3 v",’, 1 . \ ‘ v . N

7 T highv

L0 Energy of light, using waveiength: v S RS ’ high 7[

E

= xiC
_V\?\

LargerAx
lower v

ROV GBIy w
Red Orange Yellow Green Blue digo | Violet
N A VAVAVAVAV.Y VY TV V) P T
Wavelength wavelength
=7.0x10"m 4x10"m
Low Energy High Energy
nJg 5

Louis de Broglie (1924) determines

The de Broglie Equation

h

“mv

& Interpretation:

®

ne spectrum tube demonstration show?

11



Bohr's Model of the Atom (Powerpoint)

What

How

Model

@



®

—

—

sodium lle™ potassium (/¢ ~

lithum 3@ ~
The number of electrons in the outer principal energy level (or M shell) is the

same within a group.

The number of principle energy levels is the same as the Pém dd j% =S asnm

So why isn’t this model good enough?

The Quantum Mechanical Model

A. Erwin Schrédinger used (ﬂY\/\ﬂW MQ'M’\ to calculate where electrons

probably are around the atom. His rhathematical models were revolutionary to physics.

Kinetic =~ Potential =E
Energy = Energy

v

Classical 1

Harmonic osciliator i

U, S - 7
Conservationof 3 MVS+ zhkx® = example b Py
Energy ple. SCHRODINGER’S CATIS

Newton's Laws F=mas=-kx |
Quantum The energy becomes A ' l 1 .v I E

2 il
Conservation of .29.. + %kx 2 the Hamiltonian operator
Energy i «— Wavefunction

Schrodinger pn
Equation HlP i E\P g .
Kymeking the ha Energy "eigenvalue
,;r%"fw P e X X for the system.
A vy fq“'a"""' g The form of the Hamiltonian
. > 2 2 R
2&6 the }f,i;"ﬁi” ;-gg...:r'__a_ +-Lyx2 Operator for a quantum (ﬁ\HN\
"operators, 2m ox* 2 harmonic oscillator. Q
B. Werner Heisenberg adds the Heisenenberg — &
J L VI vwuem eloey “Q ——
only — A ) et
AyymAve —
Gmav

C. The areas where an electron can probably be found are called
Ol il - (The areas where electrons will be unlikely are called n Qd‘.Q, )

z Nodes

13



(spinning in

D. Each orbital has a specific shape and can hold up to Z- e
Copposite Yirections). DZ S
B
ArrowWS /\ \

a. How is the spin of an electron noted in models?

W =T

E. Organization of Electrons

Energy




Description of Sublevels

1.sublevels have 1 orbital — it is S_PM/V‘Q shaped @
2. “p” sublevels have 3 orbitals — they are d {alnA k 2f i l shaped

3. “d” sublevels have 5 orbitals — 4 are C kOVW(QO‘F shaped, one “pacifier”

4. “f" sublevels have 7 orbitals — they are C‘Zk}y shaped

What orbital type is this?

S

How many electrons can go in

this orbital?

How many electrons can fill
each p- orbital?

2

The three p orbitals are aligned along perpendicular axes

How many electrons can fill
this entire p-energy sublevel?

z
2p,

The p-energy sublevel is made of all three
3D orientations (p, p,, and p, together) )

How many electrons can fill
each d-orbital?

2

How many electrons can fill
this d-energy sublevel?

15



F. Filling in the Orbitals in Quantum Mechanics

1. Aufbau Principle: ' &
Electrons fill the lOWe,S“’ .e//\@rz\:j 'EVS‘(" first.

2. Pauli Exclusion Principle (PEP):
Only 2. electrons can be in each orbital (two per box or line!) and they must have /l l/

QPP()sﬂg magnetic g‘?!V\ S . (two different arrow directions!)

3. Hund’s Rule:

When electrons occupy orbitals of -Cq UO\l 0\/\?/@1 M they fill in singly with
aligned spins before they double up (space out if you can!) The bus seat analogy...

@

16



Electron Configurations & the Aufbau Diagram

Tp
6d
5t
7s
6p
5d
af
* 6s
2 5p
g 4d
O_ Y1111 5 :Zbe
1Y) 4s
il” > Fe: (5225%82p¢ 32 gpé}%z 26
3 .
I > Fe:[Ac]4s22de
1| 2
1| 1s

Rules to fill it in;

1. Electrons enter lowest energy first. (start with “1s”) [Aufbau Principle]

2. An orbital can have at most 2 electrons with opposite spins. [Pauli Exclusion Principle]

3. When electrons are filling orbitals of equal energy, one electron enters each before they start
to spin pair (double up). [Hund's Rule]

O
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#electrons =

O\\“ [P # electrons = ( 58 -

# electrons =

18



[As] # electrons =

[
O' [

DZS
[

Complete the alternate form of the Aufbau diagrams below:

Si

U Sii_____ Mg:____ Fer_
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Chapter 15: lonic Bonds
I. Valence Electrons

A. definition: \!\ ‘ 0\\Jl/) - Wf3 \j (\\A’(’(/MGS‘L Lez

B. Lewis Dot Structures: show MQLQMLZ __electrons as c[d“'S ; the symbol
o0 represents the core electrons (which is everything but the valence electrons). Sum
. ><'. Lewis Structures show bonded atoms aé h iéz Z Ve
Lewis Dot Structure Example (single atom): F \Szfz S®Zp§7 l i/; /
Lewis Structure of Molecule ulilng Dots Only: YV\P/HI\ aNnL CHq = g N -—
H: c H —> "'““¢—H

. H 1 HH e

Lewis Structure of Molecule using Lines for Bonds: ? ve”

== H—0—H He:
o
Group 1 22 13 14 15 16 17 18 @

¢ ns' Ins n.szng' ns’np? Y!S7‘np3 ns'np? ns?ne”® |ns znp‘

Example o 2 - o oo .~

P K. 'CO\. A" 'Q' '?' 'Q. aE: :N‘eo

I GEETRule )5 "MOS’ elowen’s  wants §
H: 1s' V.€. (VV'OS'{" S'\Lab(-e/)

m Is B. A full valence shell is very Shbk (which is happy! ©). Therefore, e|ements gam or
lose electrons to reach a full octet. N S N F
. (57'
He 1ve-

@ (s « configuration example: Na = lslz 51 2 ? G 5 S ,
Now  wo- \e4Zs?2p935° B.ver
Ve e , conflguratlon example: S = \SLZ—iS & PGB§7’ 3? } Ey.e.”
( St B 12252 20R5 301 Bue-

&
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C. Exceptions to Octet Rule in lonic Compounds

Helium is happy with Z valence electrons, so we call this exception the

ds AQ “/ rule. Atoms with atomic numbers close to He (such as ,u , L.: ,and

%‘@)will be happy with 2 electrons. They can't fit 8!

H': = 130 W 1s* w=1s%?5Ber =g -

Terminology: iso- means Sﬂ& or (think: isosceles triangle)
-electronic refers to the number o € S .

~ , what does isoelectronic mean?

Concept Check: |
- Are He and Ne lsoelectronlc with each other? N O v

$224622p6 /
- Are_Q__a d Ne isoelectronic with each other? és
15252 1527572t S
- Are E and_CI isoelectronic with each other? NO
lszZslzr \5"2;229‘3$’3 S 3
- Are Cl" and S |soelectro;_1|c W|th each other? | Z- ‘f'

" 6"; «a <)
bF 174! | 16+2=0%
- Which noble gas will lodme become isoelectronic to when an iodine atom is ionized?

Xenon <— s¢ . - S3eee-

ng will lose one electron, to become isoelectronic with N@OV’ (/ be ')

- Which alk@metal is most likely to ionize to become isoelectronic with the noble
gas Krypton? S(
- Are Mg*" and N* isoelectronic? M /

|s%2s%2 \8228? 20%5
252685

(0¢”
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D. A couple of other octet rule exceptions:

Boron (B) actually prefers to have (D valence electrons (and it's stable that
way!), rather than _§;Iil?ec;lncany others.
Atoms from sulfur and beyond can sometimes have more than 9. This is called

I1l. lonic Bonding
A. Question: Where do anions get their extra electron(s) from anyway?

Hhey ;J ot o cabwis

J 2 |sse e

Llochan hanster

Examples: (NaCl, CaF,, MgO, LisP, K2S)

NOU/\-/C;I-' —> E\I&JTQ B ke
ve”  Jyes G/ e\a)g"w '

{52232@ lSZZSZZp
— [l e

24



. <—© o0—
CW&/\,J’/ ®— <

IV. Properties of lonic Compounds

lonic compounds are held together by ‘QJ\CC‘*Y() S -bh‘(, a Hra thmn
7 [ F 1
Electrostatic attraction: OPP I J/I O/IZL@ 0. 1C fl’

A. crystal structure: UE//V) (FP (¢ DQCVHM
-z \ /
57 (B S) d/ta,r%ﬁS

NaCl qQ 5
1 .
B. electrolytes: Cd{((\’f')\ :;)(M V]JS “"h L — ll\“/\[[) &SSA ved +—
condutd—an el | Conrent—

Nacless 25 Notaq) + Cl™cag)
[Canksw—f‘—‘Q-) Ca*@ag) + 2F (ag
C. high ting points
G hign Mo bign 4F b !
P e S
V. Metallic Bonds

A. caused by attraction of *g‘ @ — —QOO‘,’\\AQ QU[A’YWS for the positively

charged M “ Vil d»QAKé

B. metals are good ( OV\éAA(‘iUé because of these free floating (ele)ctrons.
~ Cl(s

25



Ever notice how some metals, such as steel, bronze, and brass aren’t on the periodic table???

These are called A LLOY S . Arafloy is a solid mixture of metals) C

Two (or more) metals are W\Luecl , then mixed together while they're
still MO! W . After the hot liquid metal mixture cools, you have an alloy.

Brass is made of Co and ﬁ@ﬂc q

It's great for musical instruments tue to how sound waves resonate (propagate)
through the metal atoms!

Bronze is made of coOl N , tin, and other metals.
Steel is made of ron/ , carbon, and other
steel =Ll

elements.

HFe + 30, ~>Fe Oz

Gl 3 e Jewelry... what is “white gold” and “rose gold™?
5 o Jewelry is often an alloy. White gold is an alloy of
£ / / i gold and another metal, like nickel or platinum.
= e dallie  bonds keep it tagether, of course.
WHITE GOLD YELLOW GOLY PLATINUM

( )
Investigation Questions: —l 5M ZS hf) (w

Why is it not a good idea to have jewelry that is Qure gold? A—u 'H CM

- Gdd ‘s mallealde,
asly dugd. A/wahlj

What makes stainless steel special? And why doesn't it stain easily?
~Coa+w\nﬂ on Sudae Hat- prevents
oXidaton .

om ...

_—
[ OYO Terms to Know:

Malleable

Conductor
o0
/ Ductile

Brittle

b
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ho@n X
Writing lonic Formulas from Names Review

1. ldentify the charge of the cation (see periodic table)
2. Use empty parentheses if you don't know the metal’'s charge immediately
3. Identify the charge of the anion
4. Identify the charge of the metal by canceling the anion’s charges
5. Put the charge of the metal in the empty parenthesis. This is the oxidation state of the

metal. 2+ -

o CAM L @* NO:
Magnﬁaiurzrj ﬁarbonate 2 - / Calcium nitrate
3 Ca(N0s3),.

Tin (IV) chloride

S“LH' C‘—_—? Sy,C[,_'

Copper (lll) Sulfate

— Sodi‘\ulra 3_hosp5te 2 -

Strontium Nitride

Naming lonic Compounds Review

1. Name the cation
2. Does the cation name need a parentheses
3. Name the anion
4. Figure out the cations charge if needed
Li-O
CaC|2
f# - ¢ 4 ¢
—> Felfi0a won(IIL)  hitvite
Ba3P2
S orin w(Y)
%élOH)s Nanady, g \/\3&0)@&
CI'203
Sl'3(PO4)2
CU(NOa)z

27






Black 2

¢
Chemistry Unit 4 F lb

Topic

Primary reference: CHEMISTR Y, Addison-Wesley
e fnowledge ]

Essential Knowledge

Scientific
Investigation
1.4

Use chemicals and equipment safely.

Accuracy is how close a measurement is to the true value. An accurate

SOL 1a,b,f measurement has very little error.

Percent Error =100 x accepted value-exper. value /accepted value
Atomic Niels Behr proposed the planetary model of the atom with electrons located
Structure and in distinct energy levels (orbits) around the nucleus. Louis de Broglie proposed
Periodic that all particles have wavelengths. (including electrons), Max Planck proved

Relationships
2.3

SOL 2d, 2g, 2i

that a photon'’s wavelength is proportional to its energy. Schrodinger calculated
the theoretical shapes of electron orbitals (s,p,d, . Heisenberg developed the
uncertainty principle concerning an electron'’s location and velocity.

Electrons are added one at a time to the lowest energy levels first (Aufbau
Principle). An orbital holds a maximum of two electrons (Pauli Exclusion
Principle). Electrons occupy equal-energy orbitals so that a maximum number of
unpaired electrons results (Hund's Rule). Energy levels are designated 1-7.
Orbitals are designated S, P, d, and f according to their shapes(sphere, dumbbell,
4-leaf clover.) The s, p, d, f orbitals relate to regions of the Periodic Table,
Valence electrons occupy the highest principle energy level of an atom. All the
elements in a group have the same number of valence electrons. An element’s
electron configuration determines the number of valence electrons. Example:
Bromine’s valence electron configuration is 4s%4p° with 7 valence electrons. The
outermost electrons in an atom are called valence electrons. The period (row)

Lewis dot diagrams show the valence electrons of an atom. The electrons
(dots) are arranged around the element's symbol.

Metallic bonds consist of the attraction of free-floating valence electrons for
the positively charged metal ions.

Ch 13: Read pp 361-
364 on development of
modern quantum
mechanical model.

Ch 13: Read pp 364-
366 on orbital shapes.

Ch 13: Read pp 367-
369 on electron
configurations and
Aufbua principle.

Ch 13: Read pp 372-
381 on the relationship
between atomic orbitals
and atomic emission

number on the periodic table corresponds to the outermost energy level occupied spectra,
by the valence electrons in an element. Elements in the Same group (column) on | Ch 15: Read pp 413-
the periodic table have the same number of valence electrons 424 on ionic

compounds. Read pp
427 on metallic bonds.

Study Support

Nomenclature, |Bonds form between atoms to achieve stability. lonic compounds are formed by | Ch 6: Review pp 146-

Formulas, and | the attraction between positive and negative ions. lons are formed by electron 156 for naming and

Reactions transfer from a metal to a non-metal. After electron transfer, both jons meet the writing formulas for
octet rule. The octet rule is the tendency of an atom to take on the configuration | ionic compounds.

3.3 of a noble gas.

SOL 33, 3d, 3e

Molar Dissolving is a physical change that involves heat. When an lonic compound Ch 17: read pp 483-485

Relationships
4.4

dissolves in water it breaks into the ions that make it up., This process is called
dissociation and can be expressed by an equation.

SOL 4d Example: NaCl(s) > Na'(aq) + Cl(aq)

lonic compounds that dissociate completely in water are strong electrolytes.
Phases of Specific Heat Capacity(C) is a physical property of a substance. Ch 11: read pp 293-302 I
Matter and ﬂ on heat capacity and
Kinetic is use to calculate heat, mass, specific heat or temperature change respectively, | specific heat capacity.
Molecular Specific heat can be used to identify a substance. Read pp 307-311 on
Theory molar heats of phase
5.3 Atoms and molecules are in constant motion, Forces of attraction between changes. Review the
SOL 5d,5e,5f molecules determine the physical changes of state. The intermolecular forces temperature line graph

must be overcome in order for a substance to melt or boil. Phase changes that
require heat (like melting or boiling) are endothermic. AH is positive for an
endothermic change. This means heat goes in. Molar heats of fusion and
vaporization can be used to calculate energy changes.

Phase changes that give off heat (like freezing and condensing) are exothermic,
AH is negative. This means heat js released. Molar heats of solidification and
condensation can be used to calculate energy changes.

Heating and cooling curves, known as temperature line graphs, show the
energy changes that occur as a substance goes from a solid to a gas as

temperature is changed.

in figure 11.15 on page
310.




Objectives for Unit4
Chemistry, Addison-Wesley, 2002

Topic Qutline

)

1I)

1ID)

Thermochemistry Part 1(Chapter 11)
A) Types of Energy
B) Exothermic and Endothermic processes
C) Heat Capacity and Specific Heat (p 295-299)
1) Calculations using specific heat capacities (p.299: 1-3, 8-10)
2) Calorimetry (p. 300-306)
D) Changes of State and Heat Changes (p. 307-313)
1) Phase Changes and Interpreting Heating Curves
2) Molar Heats of Fusion and Solidification (p.309: 20, 21)
3) Molar Heats of Vaporization and Condensation (.311: 22, 23)
Electrons in Atoms (Chapter 13)
A) Review Rutherford’s Model
B) Bohr’s Model
C) Quantum mechanical model (Schrodinger & Heisenburg)
D) Atomic electron orbitals (s,p,d & f) and electron configurations
E) Identifying valence electrons
Tonic Bonding (Chapter 15)
A) Valence Electrons (read p413-414, Problems p 41 8#1,3)
B) Octet Rule (read p414-418, Problems p418#2,4,5,6)
C) Ionic Bonding (read p419-421, p 421#7)
D) Properties of Ionic Compounds (p422-425, Problems p 425#9-13)
E) Properties of Metallic Bonds and Metals (p427-428, Problems p429#15,17;)

(SOL) Learning Objectives

RN

10.
11.
12.
13.

14.

15.
16.

~(3d) Predict which compounds will be ionic based on their position on the perio

(4e) Identify a process as endothermic or exothermic based on whether it absorbs or releases heat.
(5f)Memorize and use —mC AT to solve specific heat capacity and calorimetry problems.

(5e) Calculate energy changes during phase changes using molar heat of fusion, molar heat of vaporization,
(5d) Identify freezing point, AHggion, AHvaporization, and boiling point on a heating curve of water.

(2f) Determine the # of valence electrons and electron configurations for anions and cations

(3d) Explain why ionic bonds form in terms of electron transfer and the octet rule

(3d) Explain why Hydrogen, Lithium, and Beryllium break the octet rule in ionic compounds

dic table.
(2h) Define an electrolyte e
(2h) Predict which compounds will be electrolytes

(2h) Tllustrate what happens when an ionic compound dissolves in water.

(2h) Explain why metals conduct electricity

Identify the contributions of Bohr, de Broglie, Planck, Heisenberg and Shrodinger to the development of the
modern atomic model.

Use the Pauli Exclusion Principle, the Aufbau Principle, and Hund’s Rule to determine electron
configurations.

Identify the shapes of the s, p and d orbitals and the number of electrons in each.

Provide the spdf orbital electron configuration of elements using the periodic table.
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Chapter 11 Noteguide Part 1: Energy and Changes of State

LENERGY CHANGES

A. Definit (moverent) ? f;\
Ef?epg);?ns C(h “‘o clo WNaor K; Qr Supp’\:ﬁ‘% heact/

~ Potential Energy 8"0\(((\ e M (M, 9@5&‘*@ , WO ﬂ...anﬁfw{)

= Kinetic Energy: K E = im V‘L_ . ke
D I;eat: M i&)fm @Wg\n ‘h«ar&[&m d ’6WVV) g
hot' 4 “qd” U the Wasive of best = femperatye,
Thermachemistry: Sh/\(‘/ﬂ O'F Nﬂr" Cha/()r
from demital reachons Ojfhjéé

7
B. Exothermic and Endot heimlc Processes Chdr?ca
oot relaused
Processes that absorb ( Qﬂda ) heat or release (@) heat.
Definitions
| dissolu Ng

Consider NH4CI(s) ﬂ—m@ *(aq) + CI'(aq) . NHWC\ &'%alwc/,

Qmmonvm  (hlonde ond “- aborbe

Enthalhy_ SYaanym {oe “heat"
ﬁ!ﬂ«r” h 4 system . (gt constant pressure.)
spem 1. pard of ) (piverse bum Shdied (U, )

<

Surroundings: EV‘(/VM 4’#\ MG '6{ (S€—

ar_" Cldnge i n heatSe A a( (0 e Susier )
Endothermic Process: Na+ ‘HOWS "\ W ’—'FD

Exothermic Process: M‘l’ *ﬂ()V\IS aﬂ' ( %fg §m -—AH




E=mc#*
4\ ¢ 207

Another example of Endothermic and Exothermic processes

ice melting in glass of water:
' ﬂcemb;] (@ "5°C) +aH

= Sho - L2 @ 2 oCA H
| 5/? 7 Swrrowndings - wader (' O”W'b -
ol R ( hert b re) r -
ico pagts (wanms) | H,Ocsy+heat = Hh O() |
‘\o)gg-‘d/ \Na-‘e/( cool N " H,06 A Mﬁ)&ﬁ =
Law of Conservation of Energy: Er\l/rgu 5 r\uwr C,NOJA«L noy
dosded .. 00l TRANSFERRED !
Il. HEAT CAPACITY AND SPECIFIC HEAT CAPACITY
A. Definitions 100Y
Joule (J): SI (AV\\:" ‘FW 'B‘JERGY oneki=_ [000 J

A calorie: __ Ao of A neded bo onse e
~ lomp. o A g of H0 b, A°C
o - 1000 _ calorie = 1 Calorie (food labels) and 1 calorie = 4.184 J
b/ L J Specific Heat g_apa_c?y: At of oot needed Yo s
M l_o'v\? of A o of a <ubstanw \OE 1°C

\ﬂ\t\f\%{) Symbol: C Units . o j,; “
¢ ;_)LJ 3 iy

Equation:

% q= hQO\J('

o= Speufre hoat (_@PQ_(A_@_ m=_ NASS
- Cha 94 . .. {eam C
AT N \ ! ’Pé/{'m'l‘vt (5

—
Ti=2\"C Te = 12°C
AT=-9°C




q:mc,ﬂj S

B. Solving|Specific Heat Capacity]Problems AT =T, - Ty
iRelUAS L AT =T -

The equation has four variables: “q" is heat in Joules; “m” is mass in grams; “C” is specific heat
capacity in J/(g-°C); “AT” is change in temperature in °C (the change in temperature is the final
temperature minus the initial temperature, or AT = T; - Ti). This equation is only valid if the

substance does not change phases. Identify the variables, then solve for the missing variable.

Sample Problems aT=350-220 =+|3.0 C=0.46 %C
1. A 500 g'sample of iron changes from{22.0°C to 35.0°C. | The|specific heat of iron jis known to be
;0.46 J/(g=°C). gow much heat was;dd a7
=mnmC aT
= (500)(0.H6)(+13)

9=24990 T

2. A 500. g sample of water changes from 22.0° to 35.0°C. The ecific heat of water is known to
bel4.18 J/(g=C) ’How much heat was added?

=mm ( &7 7
9,° 600)(4.1?)(""3)@
=gl laa= | aT=+[5.3'c

3. /When 82 J of heat is added to a sample of aluminum, its temperature increased by|15.3°C.

Given that the specific heat capacity of alumi num is Q@m \‘/:vhat is the mass of the

sample? ( g Z: _ | Al = T, -T,
& A T

= G 5 G2 =
o) T Ty (609 AL

It takes 78.2 J to raise the temperature of 45.6 g lead by 13.3°C. Calculate the specific heat
capacity of lead.

[(m] T +
@ Challenger: Al142¢ jsample of silver at a temperature of[19. jg}bsorbs 61.30 J of heat. What

(Ans =21.9°

is the final teperature of the sample? [Cag = 0.2411#’37“(’-‘-°'Cg]
l‘x:—-—,-_e "
q{ = CaT o of o

AT=To-T,
s T2-T, 7[;;% +1 =Tz
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C. Calorimetn #
Catortmet®y 1 st 0f ad dnange. Ao a
Onwical o pawsial J\g@liss "64/,,,\

Calorimeter: 'DCV\‘Q/ ’E)/\/ e asuniq h-161+ Cl/ldﬂé’f«

e

My = 0.3 CL‘MCAT'

Cup = u.\gqg% q=-1013.63
_&T=-10°C
e q/HzO T %N\-\uc\

| - na=F o156 3]

Il. Heat Changes Required for Changes of State (Phase)
A. Phase Changes S nblimabhion

M \JopuC 1‘24%\'0”

0dd ety m

Solid L o 7 liquid < = gas
Sub- enty %@e;brg/g/

Dq)og{?;%n ST : Cndgnahomn

==

Heat is absorbed or released when matter changes state.

Interpreting Heat Curve for water V{\G-k/ 1 Yo &H f W\“’\ Pha%S

_ o g b

Py L O R R LPUNE O RS ;

& L ? "ot of fusion® S L>&
N L PRI < Al 5
g SS> L

& y Uw’f) '

-0 @ ’/
- Ing Lﬂ;@ cga%g:s%b)

.~ Does water increase in temperature-dur

5 fﬁp‘? ) é J
\ ETIN T p
\*\é'“‘;jfsf‘vwf ALV Ot n 4V
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B. Molar Heats of Phaseﬁanges ’

Molar heat offusnlg Au—{usl’w = hﬂa"' abw
‘l7\l\ us ‘ :

?_/q o r ‘:r]rnol ar Cal/a Ja( (a
Molar Heat of Solidification: A M oy heat 0l ea<e
NN S I Some Mia g (Lla‘wfd)_

So‘l&‘«ﬁ\e/) = ( Sawd. passipg unﬂ—s> -

AHfusion Sy Al"solidh‘?cation '

Molar\heatofvaporization AHM“P L Awd of heat ngov-bcA b\/\ L‘)C’,

\v , - Hransitics,
Molar Heat of condensation: AH eond - ()W (0@ ) )

{AHvap. = - AHgong.

Molar Heats apply to phase changes The units may include: KI ) ov T/ o G /
G (@S - g
 ENERGY A gun T /

Solve the problems as unit analysis problems
Ho005) + HEAT > 1, 00
C. Using Molar Heats in Calculations.

Example 1: How many grams of ice would be melted by addin heat to an ice
be at 0°C* fusion = 6.0 kd/mol

Z.25kT, | ,mk% 189010
.{_\2_‘25 KT \ b.O X T Z=F

2
b.75 9 H,0(s)

_> Example 2: How manyl@QU_le_s_o_f_n@Nould be released when 36.04 grams of steam

condenses to water at 100°C?

Ve WMVN z %m "'DH
H20(g)> H,0(1) and AHng Tl the

§‘°'OW)>< [ M -4o.q K
T ,gow ' L,QA\,
(ﬂ:\_%uﬂ@ (\(tuﬂém.




W’"’%W\ ot .

Molar Heat Galculations Practice
olar heat is given in J/mol or J/g or callg, souseitas a conversion factor \

heat is required to melt 500.9 grams s of ice at 0°C? The heat of fusion of water is

90.9
A GD =[ oo )

How much heat is required to vap ize 13.1 grams of methane (CHa) at it’s boiling point, which

has a heat of vaporization of{8.2 ol? Y

\’5%641)( ™ ng}x—

=

How many grams of neon must crystallize (solidify) at it's freezing point tc{ release 560‘1 of
heat, given that the neon’s AHgsion = 330 J/mol? o

560 T
l

X K

[

\I 9 Interpreting a Cooling Curve for Water
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Mixed Molar Heats and Specific Heat Capacity Problems

Use the heating curve to tell which is which

4 Specific heat capacity H,O(s) = 2.1 J/(g°C)
Specific heat capacity H,O(l) = 4.2 J/(g°C)

Heat of fusion H,0 = 6.0 kJ/mol

Heat of vaporization H20 =41 kJ/mol

1.How much energy is needed to raise the temperature of 150 grams of ice
from -20.0°C to -5.0°C?(Ans = 4725 ) /—/_/

2.How much energy is needed to vaporize 52 grams of water at 100°C?
(Ans = 118 =120 kJ). ’ /_/_/

3.How many grams of ice at 0°C would be melted by adding 820 kJ of heat.

(Ans = 2500 g ice) ’ /—/_—/
4.How much will the temperature of 850 grams of water increase if 16,000

Joules of heat is added?(Ans = 4.5°C)




Chapter 13: Electrons in Atoms

Review of Rutherford’s Atomic Model{(1911)

A. Important Terms

1. atomic number: ]number of proton

How

Model

>
>

Whole number shown on the penodic table

b
2. mass number : number of protons eutrons mYbOﬂ
P __E:l! L=y In

3. isotopes: elements with the same numb

4. atomic mass: weighted average of isotope masses. Listed on the

B. Symbols for Isotopes NIMM‘

1’_\

1. s ———pro}‘gr; 6 eleét)(ons Z neutrons

2. &Cu A £~ protons, Zq electrons, 55 neutrons C()W@( oY
—g—L protons, _5_7; electrons, \7«0 neutrons

—»3. Pb-20
1C)_ Practié

#

ISOTOPE ATOMIC # # PROTONS NEUTRONS MASS #
\[4 *Fe
A »“:‘:
) L\ 36 40
13 14

How many neutrons are in F-19?

How many electrons, neutrons and protons in Zinc-677

b

1 2.0l

er of protons, but a different number of neutrons

periodic table.
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An Aside About Light and Energy _
8 \
Light s fast. It travels at 3.0 x| 0 Iy I S . (distance over time is

speed, which is the magnitude of velocity). “ C . is the constant that represents light's speed
ina__Valclawm

Ligh‘frequenﬂk Q , called “ ‘[EU ") x Light wavelength ( 2§ , called !QMLCIA ”)@

@d@} ‘Oﬂ)\i)()fh(mal b ks

D) JE“:!

Max Planck (1900) determines SC“'CL “ EMJ&\U\A (I‘F \l?;'{[/rf Y

Equations:

Energy of light, using frequency: h=6.626 x 10 J.5

“ ” i, - . - 1 _

E i h = hv v (“nu” not V)Q\ffv%%evrl?a;w' 1s=s _l_-l_;)
| : A n n ﬂ N /) N N SmallA

> 4 : : .

Energy of light, using wavelength: U V V U W/ U’;\U U Whishv

/

D

¢ = ConSipnts
Red Orange Yellow Green Blue Indigo Violet
\/\/\J\M V\/\NW W1t/
Wavelength wavelength
=7.0x10"m ) 4x10"m
Low Energy High Energy

Louis de Broglie (1924) determines 4Au na "Z"C/ VIM waveA {1((/
X‘?WUQ&A\%_ SMAL parkays (ie, e D+/n°)

]

nove. BlG waww . Be have  smaL Waves

The de Broglie Equation | & Interpretation: R e

_ n=planck's
Sy ></ ?cm Standt

= A\ -3y
What did the SPec::umV;flb()e(;?nwonstration show? AN 6 63 )([ 0 ‘T S
Al 2lomenks Wave
Unigue  Uuchon  confijumiond, . Lnique

Pechm.




Bohr's Model of the Atom (Powerpoint)

What

How

Model




lithium

sodium

potassium

e ——

P
L

‘Nq

The number of electrons in the outer principal energy level (or Valfjﬂ CU shell) is the {amﬁ~

same within a group.

The number of principle energy levels is the same as the

So why isn’t this model good enough?

- The Quantum Mechanical Model

PQ/FOA =+

A. Erwin Schrédinger used CQME@ ﬂ!@ﬂm&h( S to calculate where electrons
probably are around the atom. His mathematical models )

were revolutionary to physics

E
DCZ,‘( vl

Kinetic Patential _
Ene{gj,/*/ Energy
CkégsicaE g M g Harmonic osciflator
e 25:;& ion of example, A 3
A e SCHRODINGER'S CATIS
Guiantum 2 . The energy becomes A l i % ‘vl
Conservation of A | kxz the Hamiftonian operator =
gﬂgrgg’ A Wavefuncﬁﬁn
chradinger : o
Equation H\P - E‘P Yol Tl
In making the \ Energy "eigenvalue
n maling U P 75__ X o X for the system.
; i dv
a r:va;.'cz Iej::;;}orgs s The form of the Hamiltonian
fa k{:{he formof . He G e kx"’ operator for a quantum
"operators” 2 Qx? harmonic oscillator,

B. Werner Helsenberg adds the Helsenenberg Uncert

;ﬂ(m

ty Principle:

%
C—

Vloenly

VW

[m« 4o e

C. The areas where an electron can probably be found are called
. (The areas where electrons will be unlikely are called

ovby]

Clonds

Ax. Ap 2 LA
4z
Ap=m Av




D. Each orbital has a specific shape and can hold up to ﬁ (P

(spinning in

opposite directions).
a. How is the spin of an electron noted in models? _\ASINQ,

andin)

I o TV

E. Organization of Electrons

Energy

) 3s
O 2p
O 2s
n=1 9! 1s



Description of Sublevels

@ 1. ubleVOIs have 1 orbital — it is g\'?he/ﬂ cal shaped

2 .sublevels have 3 orbitals — they are J (A W\beﬂ { h

3 sub!eve!s have 5 orbitals — 4 are _0(0‘/ M? a'F shaped, one “pacifi
4, ﬁ sublevels have 7 orbitals — they are Cxa ZU shaped
-~/

16

(1

What orbital type is this?

S

How many electrons can goin
this orbital?

1 e”

How many electrons can fill
each p- orbital?

1Ge-

How many electrons can fill

this entire p-energy sublevel?

The p-energ
3D orientations (P py, and p, together)

y sublevel is made of al| three

How many electrons can fill

each d-orbital?

7"

How many electrons can fill
this d-energ

blevel?




F. Filling in the Orb:/t'als in Quantum Mechanics
L} & \\ 1*
1. Aufbau@rin@i‘g‘;ie: U?
e'
Electrons fill the \‘g\,ues-"’ 2 v ‘(_A_/O‘ S first.
J (shhte 1 )

2. Pauli Exclusion Principle (PEP): 1\\'/ ov 4

Only 2,6— electrons can be in each orbital (two per box or line!) and they must have /‘ V

OP‘MS‘E : magnetic SPW\S . (two different arrow directions!)
o« T

When electrons occupy orbitals of Ca‘\/a‘ N0 y _they fill in singly with
aligned spins before they double up (space out if you can!) The bus seat analogy...

B e ©

e Lo 8‘,"2

3. Hund’s Rule:




Gomanium ) o=
Electron Configurations & the Aufbau

nE

| | ed

7s
6p
sa |
] e

N D 6
= 5P
& ] ad
}‘% ’: Ss
§ 117 J4p

4s

ZE

2s

i
s {Ge: Is*2522p¢ 32 3peYs*3d" Hp |

Rules to fill it in:

\/1. Electrons enter lowest energy first. (start with “18”") [Aufbau Principle]
\/ 2. An orbital can have at most 2 electrons with opposite spins. [Pauli Exclusion Principle]

v'3. When electrons are filling orbitals of equal energy, one electron enters each before they start
to spin pair (double up). [Hund's Rule]




#electrons = 56—

m 2p

2s

- \P1228

\E\ # electrons =

== O

# electrons = 5 ) -

e
© o \gZsTLe!

# electrons = ‘/O e—

2p
CEE NACL

#electroné = 2 O e~

D:D4p
EEEERE

mm 3p

mmﬂ 2p

4s
3s

£

e



' 0\{() @ # electrons = %g 6"’

o)<

i
- s
M p

25
is

Complete the alternate form of the Aufbau diagrams below:

Ue s 1L Wl W

1s 2s 2p 2p 2p 3s 3p 3p¥ 4s 3d 3d 3d 3d 39

1s 2s 2 2p 2p 3 3 3 3p 4 34 30 39 39 39
Indicate how many unpaired electrons each element has

si 2 e~ Mg: Fe:
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Chapter 15: lonic Bonds
|. Valence Electrons

A definiion: €.~ N (S\A-’@(NX)S‘(' SV\QH
(ighest engay)  The ares that- band.!

B. Lewis Dot Siructures show VGWCQ/ electrons as dd“S ; the symbol

represents the core electrons (which is everything but the valence electrons).

Lewis Structures show bonded atoms as l Ik@ .

Lewis Dot Structure Example (single atom): .. )
Hes .[.\I' (S v.e) . 9]; :A}:

Lewis Structure of Molec&!e using Dots Only: e "

H.© pane> (&N e
Lewis Structure of Molecule using _l:i_'g_e:s:for onds: -H' _\__/é —' H
Group @ @ 1@ @ @\ @\ @
Example o e ., . or . o —
No | Coe| & |-Si |87 | Q% | B K

%
e, _aduns are gensal_most stabl
w8 vee. Chiw KLk /am,cs%

B. A full valence shell is very SA{]!Z\Q/(whlch is happy! ©). Therefore elements gain or </ ay.

lose electrons to reach a full octet. S nP

>
. configuration example: Na = §Z’ZS7'Z(7 - NQ' (oSt
S (a3 {82152296
. configuration example: S = lSLZSZZPGSQSQ S
O- |17 2p° 38 Bp@
R




C. Exceptions to Octet Rule in lonic Compounds

Helium is happy with 2— valence electrons, so we call this exception the

A&"/ rule. Atoms with atomic numbers close to He (such as Lf' and

s' )
!& ) will be happy with 2 electrons. They can't fit 8!

H*: = \ @ Be®* = @

oV qul
Terminology: iso- means _ </Jiv\¢_ or_Ond_ (think: isosceles triangle)
-electronic refers to the number of nS .

() what does isoelectronic mean? Sawe. # 0—‘: V. €.

Concept heck;
an.soelectromc with each other? , ﬂ ya # g
- Are 0% and Ne |soelectron|c with each other? ‘ ¢S 8— q"

- Are F" and CI isoelectronic with each other? a
- Are CI"and S? isoelectronic with each other? QS/
- Which noble gas willjiodine become isoelectronic,to when an iodine atom is ionized?

Xenon

- Na+ will lose one electron, to become isoelectronic with NéOVL_

- Which alkaline metal is most likely to ionize to become isoelectronic with the noble

gas lKrypton’?l S(
- Are@r@@oelectronlc? i@ Ne

ll




D. A couple of other octet rule exceptions:

Boron (B) actually prefers to have valence electrons (and it's stable that

way!), rather than 8 like many others.

Atoms from sulfur and beyond can sometimes have more than 9. This is called

[11. lonic Bonding
A. Question: Where do anions get their extra electron(s) from anyway'?

Examples: (NaCl, CaFz, MgO, LisP, K2S)




IV. Properties of lonic Compounds

lonic compounds are held together by _Ehma Elechs sta b athaetsons
Electrostatic attraction: Q@@ - nvraﬁé pahthes

atvad- "’b eagln (W
A. crystal structure: ovdonly fY’De;“: hie_

[/H?JWV\‘C; (u\ranﬁz/ym% ‘gﬂwb(.u\

NaCI

( B. electrolyteﬁl COYY\DIAMC{& ‘H/l“‘/ CGY}\]AA (J('
&Qdmb% e dischued in Hao

C.|high melting points| ~ [QVIf(_ SM hliﬂl'! ‘MP

L W‘g—l' W medds

V.| Metallic Bonds|

A. caused by attraction of for the positively

charged NWC (L( \ O—H'\Q,(' a’m ;

B. metals are good QN\AM (""Ofs because of these free floating electrons.




Ever notice how some metals, such as steel, bronze, and brass aren’t on the periodic table???
D o pepem——— e —r—

These are called A’L\, OYS . An alloy is a solid mixture of metals.
Two (or more) metals are W\LH’ 4 A , then mixed together while they're
( "
still \\q \_A\A,S _ After the hot liquid metal mixture cools, you have an alloy.

Brass is made of ()L~ and  ZEINC

It's great for musical instrumentts due to how sound waves resonate (propagate)
through the metal atoms!

Bronze is made of C(]")‘OQ/( ,din, and other metals.
Steel is made of (( (Y AR , carbon, and other
elements. '

2 o ; /_ 1 ewelry is often an alloy. White gold is an alloy of
; f i )/ & ,gold and another metal, like nickel or platinum.

Sy // ML—‘-GUI‘C/ bonds keep it together, of course.
kg!.;,«ig, o & FLA.rﬁ..'t\.?j/,

Wl TE SOl

Investigation Questions:

Why is it not a good idea to have jewelry that is pure gold?

R//\_(_é 66&\/ = N@G\C/ 3()’?’(, g(rY)a\lQaHQ,

- What makes stainless stégl special? And why doesn't it stain easily?- s =
Cooded with a waderal tHoat
prevents  oxidodion .
OYO Terms to Know:
Malleable
Conductor
Ductile

Brittle




Writing lonic Formulas from Names Review

/(l? C%‘;’M;@

1. Identify the charge of the cation (see periodic table)
2. Use empty parentheses if you don’t know the metal’s charge immediately
3. ldentify the charge of the anion *
4. ldentify the charge of the metal by canceling the anion’s charges
5. Put the charge of the metal in the empty parenthesis. This is the oxjdation state of the
metal. \
Magnesium carbonate Calcium nitrate
Sodium phosphate Tin (IV) chloride
Strontium Nitride Copper (Ill) Sulfate

Naming lonic Compounds Review

Name the cation

Does the cation name need a parenthesés
Name the anion \ 4
Figure out the cations charge if needéd

PON~

Li,O

CaCl;

Fe(NO2)s

Ba3P2

V(OH)s

Cr 203

SI’3(PO4)2

Cu(NOs),







