AP Chemuistry
Exam Review




Big Idea #1
Properties of Matter




+Ratio of Masses in a Pure Sample

= All elements and molecules
are made up of atoms Video
= Substances with the same
atomic makeup will have same
average masses
= The ratio of masses of the same
substance is independent of
size of the substance
= Molecules with the same
atomic makeup (ex: H,O) will

have the same ratio of average

atomic masses

= H,0O, ratio would be different
than H,O due to the different

chemical makeup

LO 1.1:]Justify the observation that the ratio of the masses of the constituent elements
in any pure sample of that compound is always identical on the basis of the atomic
molecular theory.


http://www.bozemanscience.com/ap-chem-001-molecules-elements

+Ratio of Masses in a Pure Sample

.0oU gram sample of which ot the [ollowing wo
mass of oxygen?

A.Na,O (molar mass = 62 g/mol)
B. Li,O (molar mass = 30 g/mol)
C. MgO (molar mass = 40 g/mol)
D. 5rO (molar mass =108 g/mol

Click reveals answer and explanation.

LO 1.1:]Justify the observation that the ratio of the masses of the constituent elements
in any pure sample of that compound is always identical on the basis of the atomic
molecular theory.


http://www.bozemanscience.com/ap-chem-001-molecules-elements

Ratio of Masses in a Pure Sample

.oU gram sample of which ot the [ollowing wo
mass of oxygen?

A.Na,O (molar mass = 62 g/mol)
B. Li1,0 (molar mass = 30 g/mol)
C. MgO (molar mass = 40 g/mol)
D. 5rO (molar mass =108 g/mol

Answer:

A.16/62 x 100 = 26%
B.16/30 x 100 = 53%
C.16/40x 100 = 40%
D.16/104 x 100 = 15%

LO 1.1:Justify the observation that the ratio of the masses of the constituent elements
in any pure sample of that compound is always identical on the basis of the atomic
molecular theory.


http://www.bozemanscience.com/ap-chem-001-molecules-elements

+ Composition of Pure Substances and/
oY MiXtuI‘es » Percent mass can be used to

determine the composition of a
substance
= % mass can also be used to .
find the empirical formula  Video
" sia » The empirical formula is the
Chemical Empirical b

Formula Formula sirLlplest formula of a
substance
HZOZ H O = Jt is a ratio between the
moles of each element in the
substance
= Quick steps to solve!
= % to mass, mass to moles,
divide by the smallest and
multiply ‘til wholel)
= The molecular formula is the
actual formula of a substance
= Jt is a whole number

multiple of the empirical
formula

EMPIRICAL FORMULA 2

LO 1.2:Select and apply mathematical routines to mass data to identify or infer the
composition of pure substances and/or mixtures.


http://www.bozemanscience.com/ap-chem-002-chemical-analysis

+ Composition of Pure Substances and/

A compound is determined to contain 14g nitrogen and 32g of oxygen. The empirical
formula of the compound is

a. NO
b. N2O
c. NO2
d. NO3
e. N20sg

©2011, Aaron Glimme, Learm\PChcmisiry.com

Click reveals answer and explanation.

LO 1.2: Select and apply mathematical routines to mass data to identify or infer the
composition of pure substances and/or mixtures.


http://www.bozemanscience.com/ap-chem-002-chemical-analysis

Composition of Pure Substances and/

A compound is determined to contain 14g nitrogen and 32g of oxygen. The empirical
formula of the compound is

a. NO
b. N20O
c. NO2
d. NO3
e. N20sg

02011, Aaron Glimme, LearnAPChemistry.com

Answer:

The correct answer is “c”, NOz. 14g of nitrogen would be 1 mol of nitrogen

(14g/14g mol-') while 32g of oxygen would be 2 mol of oxygen (32g/16g mol?).
Therefor the empirical formula should have a ratio of 2 oxygens for every 1 nitrogen,

LO 1.2: Select and apply mathematical routines to mass data to identify or infer the
composition of pure substances and/or mixtures.


http://www.bozemanscience.com/ap-chem-002-chemical-analysis

+Identifying Purity of a Substance

» Impurities in a substance can
change the percent
composition by mass

» If more of a certain element is
added from an impurity, then
the percent mass of that
element will increase and vice
versa

» When heating a hydrate, the
substance is heated several
times to ensure the water is
driven off
= Then you are simply left with

the pure substance and no
excess water

LO 1.3: The student is able to select and apply mathematical relationships to mass
data in order to justify a claim regarding the identity and/or estimated purity of a
substance.



+Identifying Purity of a Substance

» Impurities in a substance can
change the percent
composition by mass

The mass percent of oxygen in pure glucose, C.H,,0, is 53.3 percent.

A chemist analyzes a sample of glucose that contains impurities and
determines that the mass percent of oxygen is 49.7 percent. Which of &=
the follow impurities could account for the low mass percent of

oxygen in the sample?

a. n-eicosane (C,,H,,)

b. ribose C;H,,0O4
c. fructose, C;H,,0O4
d. sucrose C,,H,,0,,

ith

LO 1.3: The student is able to select and apply mathematical relationships to mass

data in order to justify a claim regarding the identity and/or estimated purity of a
substance.



+Identifying Purity of a Substance

» Impurities in a substance can
change the percent
composition by mass

The mass percent of oxygen in pure glucose, C.H,,0, is 53.3 percent.

A chemist analyzes a sample of glucose that contains impurities and
determines that the mass percent of oxygen is 49.7 percent. Which of &=
the follow impurities could account for the low mass percent of

oxvaen in the samole?

a. n-eicosane (C,,H,,) a.Is the only option with a %O lower than 49.7%

b. ribose C;H,,0O4
c. fructose, C;H,,0O4
d. sucrose C,,H,,0,,

ith

LO 1.3: The student is able to select and apply mathematical relationships to mass
data in order to justify a claim regarding the identity and/or estimated purity of a
substance.



+ Mole Calculations

= 1 mole = 6.02 x 10?3 representative particles
= 1 mole = molar mass of a substance
= 1 mole = 22.4 L of a gas at STP

LO 1.4: The student is able to connect the number of particles, moles, mass and
volume of substances to one another, both qualitatively and quantitatively.


http://www.bozemanscience.com/ap-chem-003-the-mole

+ Mole Calculations

Click reveals answer and explanation.

LO 1.4: The student is able to connect the number of particles, moles, mass and
volume of substances to one another, both qualitatively and quantitatively.


http://www.bozemanscience.com/ap-chem-003-the-mole

Mole Calculations

Answer: C
Propane has a molar mass of 44, therefore there are 2 moles of propane (88 g

There are 3 moles of carbon in 1 mole of propane, so 2 * 3 = 6 moles of C.

LO 1.4: The student is able to connect the number of particles, moles, mass and
volume of substances to one another, both qualitatively and quantitatively.


http://www.bozemanscience.com/ap-chem-003-the-mole

+ Electronic Structure of the Atom:
Electron Configurations

Electron Configurations = Electrons in occupy orbitals
Atk | e s 5| Blectron Configuration whose energy level depends on
HO| 1s' the nuclear charge and average
fo | 2 L distance to the nucleus
; Z iz;; = Electron configurations & orbital
S p N diagrams indicate the .
c p 192525 arrangement of electrons with the
N - 19252p° lowest energy (most stable):
0 8 15252p* = Electrons occupy lowest
F 9 15°25°2p" available energy levels
Ne | 10 15%25"2p° = A maximum of two electrons
Ne | U 15°25°2p"35' (INel3s') may occupy an energy level
Me | 12 157252936 (Nel3s) « Each must have opposite spin
(£72)

= In orbitals of equal energy,
electrons maximize parallel
unpaired spins

LO 1.5: The student is able to explain the distribution of electrons in an atom or ion
based upon data.



+ Electronic Structure of the Atom:

Which of the following electron configurations and orbital diagrams represents
Si, element #14?

(a) is) (c) (d]
4s 3p
3p 45
35 35
2p 2p
25 25
15 15 15 15

15*2s*2p®3s°3p° 15°2s*2p%3s'3p’ 1s*2s2p®3s°3p° 1 s22522p63 s*4s’

Click reveals answer and explanation.

LO 1.5: The student is able to explain the distribution of electrons in an atom or ion
based upon data.



Electronic Structure of the Atom:

Which of the following electron configurations and orbital diagrams represents
S1, element #147?
(a) s} | (d)

45 3p
3p 45
35 35
2p 2p
25 25
15 15 15 15

1 522522p63 523p2 1 s22522p63s13p3 1 sz2s22p63 523p2 1 322522p63 s*4s’

Answer: C. The 11" & 12" electrons occupy the 3s orbital, and the last two
electrons occupy the 3p orbitals, and to maximize the unpaired parallel spins,
they must individually occupy different 3p orbitals.

LO 1.5: The student is able to explain the distribution of electrons in an atom or ion
based upon data.



+ Electronic Structure of the Atom:
1st Jonization Energy

o e e Pertod Period = 1stIonization Energy Energy (IE)
=0 indicates the strength of the

Ne coulombic attraction of the
3 2000 i outermost, easiest to remove,
% 500 - Ar electron to the nucleus:
= al
g 1000 i /g) Ps Zn A[:r €d }c s X(g) +IE 5 X+(g) T e
B Ma[\/si \ f,/-/\f f/‘j\/ = 1stIE generally increases across
T so0 kAl S T (1{“ e a period and decreases down a

0 h group
10 I8 36 54 86
Atomic number = [E generally increases as

#protons increases in same
energy level

= IE decreases as e~ in higher
energy level: increased
shielding, e~ farther from
nucleus

LO 1.6: The student is able to analyze data relating to electron energies for patterns
and relationships.



+ Electronic Structure of the Atom:
15t Jonization Energy

Period guld
2

2500

Mg<C<N<F

N<Mg<C<F

; . Mg<N<C<F

1000 ef . F<C<Mg<N
B

lonization energy (kJ/mol)

Click reveals answer and explanation.

energy level: increased
shielding, e~ farther from
nucleus

LO 1.6: The student is able to analyze data relating to electron energies for patterns
and relationships.



Electronic Structure of the Atom:
15t Jonization Energy

Period gl

2500

2000 H——
= % . Mg<C<N<F
é lsm.f - . N<Mg<C<F
9 sl . Mg<N<C<F
é 1000 ~A;bc¥—( . F<C<Mg<N

Answer: A. Within the 2™ period, increasing nuclear charge from C — N — F
ncreases the coulombic attraction of the electrons to the nucleus. Mg has a
ower IE than its 2™ period counterpart, Be, since its valence electrons are in a
igher energy level that is better shielded, so its 1% IE must also be lower than
hat of C.

energy level: increased
shielding, e~ farther from
nucleus

LO 1.6: The student is able to analyze data relating to electron energies for patterns
and relationships.



+Electronic Structure of the Atom:
Photoelectron Spectroscopy (PES)

Li

PES uses high-energy (X-ray)
1s? photon to excite random e~ from

Relative Number of Electrons

/}\ binding energy (coulombic
; 6 //'1 l attraction) to nucleus:
u-\]- Tonization Energy (MJ/mol) BE — hw KE
e

84.0 468 208 " Direct measurement of energy and
2pb number of each electron
= Lower energy levels have higher
BE

052 = Signal size proportional to

osl atom
/\ = KE of ejected electron indicates
| / |

photon

1s?
These lines indicate a change of

scale along the horizontal axis. number Of o= iI'I_ energ_y leve]_
j\ \ }\ Elements with more protons have
; 8'2 // ' ' stronger coulombic attraction,

N ' 2 higher BE at each energy level

Relative Number of Electrons

Ionization Energy (MJ/mole)

LO 1.7: The student is able to describe the electronic structure of the atom, using PES
data, ionization energy data, and/or Coulomb’s law to construct explanations of how
the energies of electrons within shells in atoms vary.



Relative Number of Electrons

Relative Number of Electrons

Which element could be represented by the complete PES spectrum above?

A. Li B.B C.N D.O E. Ne

Relative Number of Electrons

Click reveals answer and explanation.

LO 1.7 g PES
data, ionization energy data, and/or Coulomb’s law to construct explanations of how
the energies of electrons within shells in atoms vary.



Relative Number of Electrons

Relative Number of Electrons

Energy

Which element could be represented by the complete PES spectrum above?

A. Li B.B C.N D.O E. Ne

Relative Number of Electrons

Answer: C. The first peak at about 60 (units are MJ/mol) represents the two 1s
electrons, the second peak is the two 2s electrons, and the third peak represents
three 2p electrons.

LO 1.7 g PES
data, ionization energy data, and/or Coulomb’s law to construct explanations of how
the energies of electrons within shells in atoms vary.



+ Electronic Structure of the Atom:
Higher Ionization Energies

Ionization Energies (kJ/mol)

Ist 2nd 3rd 4th 5th 6th 7th $th
H 1312
He B2 5250
Li 5200 7297|1810
Be 899  1757| 14845 21000 ﬁﬁm
B 800| 2426|3659 25020 32820 clectrons
C 1086  2352| 4619|6221 378200 47260
N 1402| 2855  4s576) 7473 9442 3250 64340
0 1314 3388 s206] 7467  10987| 13320  71320| 84070
F 1680  3375| 6045|8408  11020|  15160| 17860 92010
Ne 2080| 3963 6130 9361 12180 15240/ 20000/ 23070
Na 96|  4563| 6913|9541 133s50|  16600| 20113 25666
Mg 77| 1450 7731 10545 13627)  17995|  21700| 25662

2"d & subsequent IE’s
increase as coulombic
attraction of remaining e’s
to nucleus increases

X*+IE —s X% + e
X2t +E 5 X3 +e

= Large jump in IE when
removing less-shielded
core electrons

LO 1.8: The student is able to explain the distribution of electrons using Coulomb’s law to
analyze measured energies.



+ Electronic Structure of the Atom:
Higher lonization Energies

Tonization Energies for element X (kJ mol )

H First | Second | Third | Fourth | Five

He 1086 | 2352 | 4619 | 6221 | 37820

Li The ionization energies for element X are listed in the table above. On the
Be basis of the data, element X is most likely to be

B A. Li B. Be C. B D. C E. P

C

N

0

P Click reveals answer and explanation.

LO 1.8: The student is able to explain the distribution of electrons using Coulomb’s law to
analyze measured energies.



Electronic Structure of the Atom:
Higher lonization Energies

Tonization Energies for element X (kJ mol )

H First | Second | Third | Fourth | Five

He 1086 | 2352 | 4619 6221 | 37820

Li The ionization energies for element X are listed in the table above. On the
Be basis of the data, element X is most likely to be

B A. Li B. Be C. B D. C E. P

C

N Answer: D. There is a large increase in IE from IE, to IEs, indicating that the
0 element has 4 valence electrons and is in group IVA. Carbon is the only listed
F element in group IVA.

Ne

Na

Mg 77 140l 71| 10545 13627]  17995|  21700] 25662

LO 1.8: The student is able to explain the distribution of electrons using Coulomb’s law to
analyze measured energies.



+ Electronic Structure of the Atom:
1st Jonization Energy Irregularities

peiod Pt P peio Peio « 15t Ionization Energy Energy (IE)
2500 [ decreases from Be to B and Mg t
Ne A.].
2000
) = Electron in 2p or 3p shielded by
Ar
1500

2s? or 3s? electrons, decreasing
coulombic attraction despite
additional proton in nucleus.

’"E)Cl
P
O

B i

LI V4 N WEJ[.‘ \0/| = Same effect seen in 3d10-4p,

X
1000 N\ j /\Rm

lonization energy (kJ/mol)

—L Te—]
>
12)
—
%w
[t
é

Rb 5
. 4d!%-5p and 5d1°-6p
10 18 36 54 86 . .
Atomic number = IstJonization Energy decreases

fromNtoOandPtoS

= np* contains first paired p
electrons, e™-e™ repulsion
decreases coulombic attraction
despite additional proton

LO 1.8: The student is able to explain the distribution of electrons using Coulomb’s law to
analyze measured energies.



Phosphorus
P

Relative Number of Electro

Period  Period
2 3 VAN A AN PN 4
2500 0.1MJ/mol
He g
Ne E
2000 -/ " % | sulfur
2 1500 ¢l : s i
:'-d Cl % L/
‘E. }{ O A o LA FANFAS 4 LA +
) dc 1000 100 10 0.1 MJ)/mol
,_‘-'.; 1000 H/ e —/Pg Binding Energy
Z |
= B /Mg« /X' iven the photoelectron spectra above for phosphorus, P, and sulfur, S, which of the following
= 500 _,_ est explains why the 2p peak for S is further to the left than the 2p peak for P, but the 3p peak
1

br S is further to the right than the 3p peak for P?

. S has a greater effective nuclear charge than P, and the 3p sublevel in S has greater electron
repulsions than in P.

. S has a greater effective nuclear charge than P, and the 3p sublevel is more heavily shielded
in S than in P.

. S has a greater number of electrons than P, so the third energy level is further from the
nucleus in S than in P.

. S has a greater number of electrons than P, so the Coulombic attraction between the electron
cloud and the nucleus is greater in S than in P.

Click reveals answer and explanation.

LO 1.8: The st
analyze measured energies.




{ Phosphorus
P

Period  Period
2 3

2500 [ [

Relative Number of Electro

0.1MJ/mol

2000

2.77"
- H

1500 H-+

Relative Number of Electrons

& 10 0.1 MJ/mol
1000 =£4 4 Binding Energy

: iven the photoelectron spectra above for phosphorus, P, and sulfur, S, which of the following
500 est explains why the 2p peak for S is further to the left than the 2p peak for P, but the 3p peak
br S is further to the right than the 3p peak for P?

lonization energy (kJ/mol)

. S has a greater effective nuclear charge than P, and the 3p sublevel in S has greater electron
repulsions than in P.

. S has a greater effective nuclear charge than P, and the 3p sublevel is more heavily shielded
in S than in P.

. S has a greater number of electrons than P, so the third energy level is further from the
nucleus in S than in P.

). S has a greater number of electrons than P, so the Coulombic attraction between the electron
cloud and the nucleus is greater in S than in P.

nswer: A. S has one more proton than P, so a higher effective nuclear charge. However, due tq

e 3p* configuration of S, it experiences ¢ -¢” repulsion due to the paired 3p electrons that are
ot present in the 3p° configuration of P. This reduces the coulombic attraction of the 3p

LO 1.8: The st
analyze measured energies.



, Predictions with Periodic Trends

Atomic radius decreases
lonization energy increases
2B R Electronegativity increases
Lo n
L ©
2388 Summary of - T
o o . ; (6; N g ¢ r?xz
=153 Periodic Trends R Vid
EOC, Allsillell s alar viaeo
(O — 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
g-% Sc IFIHEVE fiCen)itMntiiEEe 1l Cor || ENIT] | ECaT ) i2n Bl ECaN e el Se || B |l Kr Coulomb’s Law — Gives the electric force
= 40 41 4 4 44 4 4 47 4 4 0 1 53 54 :
<(_ré| sl el Il e Ti e lFesd s = ol (o || 2 ]5.2 il between two point charges.
o s [7273|[7a|[7s |76 |[77 ][ 78 ][ 72 ][ 80 |[ 81 |[ 82 |[ &3 |i &4 & 85 & se q,9 ’ .
______ o )| Ta |l w [ Re Jlos || i [Pt )l au|lng |l m || Poff B [irol ac i R == 2R VoI So-og are
s 104 {105 {106 { 107 {f 108 |l 109 1 110 {f 111 112§ 113§ 114§ 115 || 116 118 }‘2 Law

Rf /| Db il Sg i Bh il Hs i Mt il Ds |l Rg il Uub il Uut il Uug |l Uup il Uuh | Uus | Uuo

k = Coulomb’s Constant = 9.0x10¢ Nm2/C?

g, = charge on mass 1

57 58 59 60 |i 61 i| 62 63 64 65

Lanthanides [ les iR el | o 1 anl | Rl Neal v

66 |[ 67 |[ 68 |[ 69 |[ 70 ][ 71 q, = charge on mass 2
....... Oy || Ho |[ Er |[Tm || Yb || Lu
"89 [ 90 |91} 92 |93 [ 94 | 95 | 96 | 97 | 98 | 99 | 100 101 102 | 103
Ac | Th Pail U | Np il Pu | Amiicm Bk | cf i Es | Fm i Md [ No || Lr The electric force is much stronger than the
gravitational force.

r = the distance between the two charges

" Actinidesg

= The following explains these trends:
= Electrons attracted to the protons in the nucleus of an atom

= So the closer an electron is to a nucleus, the more strongly it is attracted (Coulomb’s law)

= The more protons in a nucleus (effective nuclear force), the more strongly it attracts
electrons

= Electrons are repelled by other electrons in an atom. If valence electrons are shielded from
nucleus by other electrons, you will have less attraction of the nucleus (again Coulomb’s law-
greater the atomic radius, the greater the distance)

L.O. 1.9 The student is able to predict and/or justify trends in atomic properties
based on location on periodic table and/or the shell model


https://www.youtube.com/watch?v=HmvpXdxAZrc

, Predictions with Periodic Trends

Atomic radius decreases
lonization energy increases
Lo Electronegativity increases
® 5
S
g3 Summary of
S 5 6 7 8

Periodic Trends 3 [ || 15| 16 Coulomb’s Law — Gives the electric for

Atomic radius increases

>
= Al |l si p s -
)
P 21 |22 || 23 ][ 24 |[ 25 || 26 |[ 27 || 28 |[ 29 |[ 30 |[ 31 |[ 32 |[ 33 || 34 between two pomt Charges-
g Sc Ti 3 Cr || Mn || Fe || Co Ni Cu Zn Ga || Ge || As || se
< 39 |[ 40 |[ a1 ][ a2 | a3 i a4 |[ 45 |[ 46 |[ 247 |[ 48 |[ 49 |[ 50 |[ 51 |[ 52
= Y |[zr |l nbf{mofi Te | Ruf|Rh|[Pd |[Ag Jlca ]l in || Sn | sb| Te ql q2 Inverse Square
o s [72 )73 |[7a][7s|[7s |[77 ][ 78 |[ 72 |[ 80 |[ 81 |[ 82 |[ &3 | &4 F — k
Hf Ta w Re || Os Ir Pt Au Hg T Pb Bi | Po_ 2 Law
=104 i 105 i 106 }{ 107 | 108 || 109 || 110 || 111 || 112 | 113 | 114 | 115 || 116 &

Rf /| Db |l Sg i Bh il Hs il Mt il Ds || Rg il Uub i Uut i Uug il Uup il Uuh ,
k = Coulomb’s Constant = 9.0x102 Nm?2/C2

Ubn

g, = charge on mass 1

57 || s8 || 5o |[ eo |: 61 if 62 || 63 |[ 64 || 65 |[ 66 || 67 || 68 || 60
La || Ce |[ Pr || Nd | Pm i Sm |[ Eu |[[ Gd || Tb || Dy || Ho || Er || Im =

..... (IR R N L0 q, = charge on mass 2
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* Lanthanides

o Actinidesg

r = the distance between the two charges
» The fOHOWlng exp lains these trends: The electric force is much stronger than the

= Electrons attracted to the protons in the nucleus of a1 gravitational force.

= So the closer an electron is to a nucleus, the more . ) ]

= The more protons in a nucleus (effective nuclear force), the more strongly it attracts
electrons

= Electrons are repelled by other electrons in an atom. If valence electrons are shielded from
nucleus by other electrons, you will have less attraction of the nucleus (again Coulomb’s law-
greater the atomic radius, the greater the distance)

L.O. 1.9 The student is able to predict and/or justify trends in atomic properties
based on location on periodic table and/or the shell model


https://www.youtube.com/watch?v=HmvpXdxAZrc

iven the atomic radius and first ionization energy of sodium in the chart below which
pair of values would be the most likely values for magnesium?

First ionization Atomic

Elements Energy (kJ/mol) Radius (pm)

Sodium 495.8 180

Magnesium

a. 737.7 kJ /mol, 150 pm
b. 737.7 k] /mol, 200 pm
c. 290.4 k] /mol, 150 pm
d. 290.4 kJ /mol, 200 pm

©2014, Aaron Glimme, LearnAPChemistry.com

Click reveals answer and explanation.

L.O. 1.9 The student is able to predict and/or justify trends in atomic properties
based on location on periodic table and/or the shell model


https://www.youtube.com/watch?v=HmvpXdxAZrc

iven the atomic radius and first ionization energy of sodium in the chart below which
pair of values would be the most likely values for magnesium?

First ionization Atomic

Elements Energy (kJ/mol) Radius (pm)

Sodium 495.8 180

Magnesium

a. 737.7 kJ /mol, 150 pm
b. 737.7 k] /mol, 200 pm
c. 290.4 k] /mol, 150 pm
d. 290.4 k] /mol, 200 pm

©2014, Aaron Glimme, LearnAPChemistry.com

L.O. 1.9 The student is able to predict and/or justify trends in atomic properties
based on location on periodic table and/or the shell model


https://www.youtube.com/watch?v=HmvpXdxAZrc

+ Chemical Reactivity

» Using Trends

= Nonmetals have higher electronegativities than metals -->
causes the formation of ionic solids

» Compounds formed between nonmetals are molecular
= Usually gases, liquids, or volatile solids at room temperature

= Elements in the 3rd period and below can accommodate a
larger number of bonds

= The first element in a group (upper most element of a group)
forms pi bonds more easily (most significant in 2nd row, non-
metals)

= Accounts for stronger bonds in molecules containing these
elements

= Major factor in determining the structures of compounds formed
from these elements

= Elements in periods 3-6 tend to form only single bonds

= Reactivity tends to increase as you go down a group for
metals and up a group for non-metals.

L.O. 1.10: Students can justify with evidence the arrangement of the periodic table
and can apply periodic properties to chemical reactivity


https://gwapchem.wikispaces.com/22.1+Periodic+Trends+and+Chemical+Reactions

+ Chemical Reactivity

» Using Trend

= Nonmetals hs

causes the fox
46) Of the elements below,

= Compounds is the most
- Usually gasel chemically reactive.

. Flements in tl A) sodium
arger numbe

» The first elenfll B) barium
forms pi bongd
metals) C) calcium

= Accounts for

elements D) CeSium

= Major factor
from these e .
E) magnesium

= Elementsinp

= Reactivity tends to increase as you go down a group for
metals and up a group for non-metals.

L.O. 1.10: Students can justify with evidence the arrangement of the periodic table
and can apply periodic properties to chemical reactivity


https://gwapchem.wikispaces.com/22.1+Periodic+Trends+and+Chemical+Reactions

+ Chemical Reactivity

» Using Trend

= Nonmetals hs

causes the fox
46) Of the elements below,

= Compounds is the most
- Usually gasel chemically reactive.

» Elements in tl

larger numbe A) sodium

» The first elenfll B) barium
forms pi bongd

metals) C) calcium

= Accounts for
elements

DJf cesium
= Major factor

from these e .
E) magnesium

= Elementsinp

= Reactivity tends to increase as you go down a group for
metals and up a group for non-metals.

L.O. 1.10: Students can justify with evidence the arrangement of the periodic table
and can apply periodic properties to chemical reactivity


https://gwapchem.wikispaces.com/22.1+Periodic+Trends+and+Chemical+Reactions

+ Chemical Properties within a Group

and across a Period

2% 3 okl A5 6 w188 900 AL 1200 4TI 86 N (18
fig7_5.jpg
H |<—Neutral HO
Li | Be B CE ;]E O| F
Na | Mg Transition metals Allsi|P|S|a
KQScTIVGMnFoCoNICu‘ZnGaGeAsSeBr
Rb|Sr| Y |Zr|Nb|Mo|Tc |Ru|Rh |Pd |Ag|Cd|In|Sn|Sb|Te| |
Cs|Ba|la|Hf| Ta|W|Re|Os|Ir | Pc |Au|Hg| TI |Pb| Bi | Po| At
L I J
* Lower oxidation state oxides — basic t
» Higher oxidation state oxides — amphoteric or acidic Ng oxides
(but O XeO,
has been
. C . prepared)
D Basic oxide Mostly amphoteric
oxides (depends on
I:] Amphoteric oxide oxidation state)
[:]Acidic oxide

® Neutral oxides also occur

Figure 7.5

The periodic table shows that metallic oxides are mostly basic and that non-meralli~
oxides are mostly acidic. The elements with amphoteric oxides lie between thi gttracts
two groupings.

= Group 1 metals more
reactive than group 2

metals Video
= Reactivity increases as you go

down a group
Metals on left form basic
oxides

= Ex. Na,O +H,0— 2

NaOH

Nonmetals on right form form
acidic oxides

- Ex.S0O; + H,0 — H,S0O,
Elements in the middle, like Al,
Ga, etc can behave
amphoterically it
If SiO, can be a ceramic then

SnO, may be as well since
both in the same group

LO 1.11: Analyze data, based on periodicity & properties of binary compounds, to
identify patterns & generate hypotheses related to molecular design of compounds


///ppt/slides/ww.youtube.com/watch?v=JW024hpjjBQ

+ Chemical Properties within a Group

Question:
Which of the following groups from the periodic table would be the easiest to oxidize
a. Halogens
b. Transition metals
c¢. Transuranic
d. Alkali metals
e. Alkali earth metals

©2011, Aaron Glimme, LearnAPChemistry.com

Click reveals answer and explanation.

LO 1.11: Analyze data, based on periodicity & properties of binary compounds, to
identify patterns & generate hypotheses related to molecular design of compounds


///ppt/slides/ww.youtube.com/watch?v=JW024hpjjBQ

Chemical Properties within a Group

Question:
Which of the following groups from the periodic table would be the easiest to oxidize

a. Halogens
b. Transition metals

¢. Transuranic
d. Alkali metals
e. Alkali earth metals

Answer:
The correct answer is d. Oxidation involves the loss of electrons, so the group of

elements that has the lowest ionization energy would be the easiest to oxidize. The
alkali metals have the lowest ionization energy due to the low number of protons
compared to the energv level of their lone valence electron.

LO 1.11: Analyze data, based on periodicity & properties of binary compounds, to
identify patterns & generate hypotheses related to molecular design of compounds


///ppt/slides/ww.youtube.com/watch?v=JW024hpjjBQ

+ Classic Shell Model of Atom vs
Quantum Mechanical Model

Developed by Schrodinger and the position
Shell MOdel = of an electron is now

B ohr represented by a wave equation

= Most probable place of finding an
n=3 electron is called an ORBITAL (90%

probability)

= Each orbital can only hold 2 electrons

n=2 with opposing spins (S, P, D & F orbitals)

Evidence for this theory:
n:V © N\N\N\J\/>> = Work of DeBroglie and PLanck that

e Ly alpha electron had wavelike characteristics
» Heisenberg Uncertainty Principle -
impossible to predict exact location of
electron- contradicted Bohr
= This new evidence caused the Shell
Theory to be replaced by the Quantum
Mechanical Model of the atom

LO 1.12: Explain why data suggests (or not) the need to refine a model from a classical
shell model with the quantum mechanical model


https://www.youtube.com/watch?v=accyCUzasa0

+ Classic Shell Model of Atom vs

Quantum Mechanical Model
Developed by Schrodinger and the

Quantum of an electron is now
Me chanical MG d %1 represented by a wave equation Video
. » Most probable place of finding an

s o electron is called an ORBITAL (90%

+ Pprobability)

s = Each orbital can only hold 2 electrons

. * with opposing spins (S, P,D & F orbitals)

. L A8 Ewd ence for this theory:

4 » Work of DeBroglie and PLanck that
electron had wavelike characteristics

» Heisenberg Uncertainty Principle -
impossible to predict exact location of
electron- contradicted Bohr

l , 1 l » This new evidence caused the Shell

0 1 2 3 4 5 Theory to be replaced by the Quantum

Distance from nucleus (in atomic units) Mechanical Model of the atom

Probability Density

LO 1.12: Explain why data suggests (or not) the need to refine a model from a classical
shell model with the quantum mechanical model


https://www.youtube.com/watch?v=accyCUzasa0

+Shell Model is consistent with

Ionization Energy Data

2500 7 He

Ne

2000 -

Ar

Xe

1000 7 Rn

Ionization Energy (kJ/mol)

500
Li

I3 5 7 9 11 13 15 17 19 31 33 35 37 49 51 53 55 81 83 85

Atomic Number

The patterns shown by |I
the IE graph can be

explained by Coulomb’s law

» As atomic number increases, would
expect the ionization energy to
constantly increase

» Graph shows that this is NOT
observed. WHY NOT?

= The data implies that a shell become
full at the end of each period

» Therefore the next electron added
must be in a new shell farther away
from the nucleus.

= This is supported by the fact that the
lonization energy drops despite the
addition positive charge in the

nucleus

LO: 1.13 Given information about a particular model of the atom, the student is able to
determine if the model is consistent with specified evidence



Source

Mass Spectrometry - evidence for
1sotopes

Bromine
MASS SPECTRUM Mass spectrometry showed
100 . .
] that elements have isotopes Video
] = This contradicted Dalton’s
807 early model of the atom
> : which stated that all atoms of
@ 60- an element are identical
2 Z = 3 Br, & two Br isotopes shown
~40- in diagram
(0] . .
o ] = The average atomic mass of
20 the element can be estimated
- from mass spectroscopy
0.0+ U L LA L L T
60 80 100 120 140 160 180
m/z , Y.(mass of isotope X % natural abundance)
Average Atomic Mass =
NIST Chemistry WebBook (http://webbook.nist.gov/chemistry) 100

LO 1.14:The student is able to use the data from mass spectrometry to identify the
elements and the masses of individual atoms of a specific element


http://webbook.nist.gov/cgi/cbook.cgi?Spec=C7726956&Index=0&Type=Mass&Large=on
https://www.youtube.com/watch?v=xirPkCI1sMA

Question:
Mass Spectrum of Sample

Relative Abundance(%)

=4
0 I | I T I | | |
90 o1 92 93 94 95 96

Mass Number(amu)

Both Zr and Nb have similar average atomic masses. Above is the mass spectrum

Rel. Intensity

sample that was believed to have both Zr and Nb. Which of the following stateme
would be the best explanation for deciding that the sample contained only Zr?

a. Both elements will form ions with many different charges.
b. Zr has 2 unpaired electrons while Nb has 3.

NIST c. Zr has a lower first ionization energy than Nb.
d. Nb has only one stable isotope with a mass of 93 amu.

LO
ele



http://webbook.nist.gov/cgi/cbook.cgi?Spec=C7726956&Index=0&Type=Mass&Large=on
https://www.youtube.com/watch?v=xirPkCI1sMA

Question:
Mass Spectrum of Sample

tive Abundance(%)

he correct answer is “d” Nb has only one stable isotope with a mass of 93 amu. While
11 of the statements are true only answer d would indicate that Nb is missing from the
ample. If Nb’s stable isotope has a mass of 93 amu we would expect some peak at that

nass in the mass spectrum. Since there were no atoms measured with that mass, we ca

a. Both elements will form ions with many different charges.
b. Zr has 2 unpaired electrons while Nb has 3.

c. Zr has a lower first ionization energy than Nb.

d. Nb has only one stable isotope with a mass of 93 amu.



http://webbook.nist.gov/cgi/cbook.cgi?Spec=C7726956&Index=0&Type=Mass&Large=on
https://www.youtube.com/watch?v=xirPkCI1sMA

4 Using Spectroscopy to measure properties
associated with vibrational or electronic
motions of molecules

IR Video
UV Video
IR Radiation - detects different types of bonds by analyzing molecular
vibrations
UV or X-Ray Radiation d//% - v O
symmetric stretch asymmetrlc stretch bend

= Photoelectron Spectroscopy(PES)
= Causes electron transitions

= Transitions provides info on O&)

electron configurations Ilbratlons

LO: 1.15 Justify the selection of a particular type of spectroscopy to measure
properties associated with vibrational or electronic motions of molecules


https://www.youtube.com/watch?v=xITzGUjongU
https://www.youtube.com/watch?v=jVc-Kc5KMu4

+Beer-Lambert Law - used to measure
the concentration of colored solutions

Sample

I—'ifl

Monocromator
Beer's Law Light source Detector
Standard 1
Standard 2 — '/
3 > A — Ty
S+ Standard 3 - a'bc
'g Seandard 4 A = absorbance
T a = molar absorptivity (constant for
< Y material being tested)
T Concentration b = path length (cuvette = 1 cm)
‘/ of unknown c = concentration
1 1 |

} t t » Taken at fixed wavelength
Concentration (mol/L)

LO1.16: Design and/or interpret the results of an experiment regarding the absorption
of light to determine the concentration of an absorbing species in solution



the

0.6

0.4

Absorbance

0.2

B 0

0 014 028 042 0.56 0.7

Concentration

Using the absorbance vs. concentration graph given above. A student is trying to
determine the concentration of an unknown substance. If the student measures the

8 absorbance to be 0.4 what would be the concentration of the unknown?

cl Q

(3]

.E a. 0.04

8 __Stand b. 0.28

0 c. 0.40 Y
< d. 0.42

- e. 0.56

©2011, Aaron Glimme, LearnAPChemistry.com

Co
L,O1.16: De Click reveals answer and explanation. sorption

of light to ¢



0.6

0.4

Absorbance

0.2

B¢ 0

0 014 0.28 042 0.56 0.7

Concentration

Using the absorbance vs. concentration graph given above. A student is trying to
determine the concentration of an unknown substance. If the student measures the
absorbance to be 0.4 what would be the concentration of the unknown?

1
|
g )

a. 0.04
_Stand b.0.28
c. 0.40 DY
d. 0.42
- e. 0.56

Absorbance

©2011, Aaron Glimme, LearnAPChemistry.com

Co
Answer:
The correct answer is “b” 0.28. Based on the Beer-Lambert law, for small concentratio .
LO1.16:De o L . absorption
ranges there is a linear relationship between absorbance and concentration. For an

of light to ¢



Law of Conservation of Mass
8 &
o)

%

s ¢ | &
e

\/

@® ® =N
/ OHQ

N, + 3H, - 2NH,

LO1.17: Express the law of conservation of mass quantitatively and qualitatively using
symbolic representations and particulate drawings



e picture above is a representation of H2(g) and O2(g) in a sealed container. Which of
e following pictures would be the best representation of the products if the reaction
elow were to run to completion?
2H2(g‘; + Oz(g) e ZHzo[S)

%
%
?

4

jo. ke
e |
%
O8, & °

©2011, Aaron Glimme, LearnAPChemistry.com

Click reveals answer and explanation.




he picture above is a representation of H2(g) and O2(g) in a sealed container. Which of
e following pictures would be the best representation of the products if the reaction
elow were to run to completion?

2Hz(g) + Oyg) —> 2H:O(g

%
%
?

4

&%

©2011, Aaron Glimme, LearnAPChemistry.com

he correct answer is “d”. In the balanced chemical equation we need 2 hydrogen atoms
en atom to form water. We will use up all the hydrogen molecules and




+Use Mole Ratio in balanced equation
to calculate moles of unknown substance

Chemical Reactions

Using Mole Ratios

Using the balanced reaction below for the combustion of propane, calculate the number
of moles of CO, produced if 3.52 g C,H, are burned in excess O,.

C;Hg (g) + 50,(g) = 3CO,(g) + 4H,0(g)
352¢ ? moles

molar mass mole ratio
_ _—
mass C;Hg

molar mass C;Hg

I nole C,H,
C: 12.01 g/mol * 3 = 36.03 g/mol 3.52 ¢'C;H, x ALy =0.0798 mol C;H,
H: 1.01 g/mol # 8 = 8.08 g/mol _
mole ratio: 1 mole C,H,
3 moles Q0
3mol CO,
0.0798 X - .239 mol CO,
ol-€;H, 1 mole-€ H, : >

LO1.18: Apply the conservation of atoms to the rearrangement of atoms in various
processes.



+ . . .
Gravimetric Analysis

Buchner Filtration
Apparatus

crucible

vacuum

trag

How much lead
(Pb?*) in watex?
=+ tovacum PD?*(aq) + 2Cl(aq) — PbCl, (s)

By adding excess Cl- to the sample,
all of the Pb?* will precipitate as
PbCl,

Solid product is filtered using a
Buchner Filter and then dried to
remove all water

Mass of PbCl,is then determined

This can be used to calculate the
original amount of lead in the water

LO 1.19: Design and/or interpret data from, an experiment that uses gravimetric
analysis to determine the the concentration of an analyte in a solution.



+Using titrations to determine
concentration of an analyte

buret sl =
- 14 14
- 13 F 113
12 12
base of known 1t 1
concentration
10 T ) T 10
gl Thymol Blue 9
< Stopcock 8 8
pH ; ! pH
7r Equivalence point 7
b Methyl Red 9
5 F . » i E 5
4 4
31 43
acid of unknown 2 2
concentration
1 11
0 0

0 10 20 30 40 50 60

At the equivalence point, the mL 0.100M NaOH added to 50.00mL 0.100M HCI

stoichiometric molar ratio is reached

LO1.20: Design and/or interpret data from an experiment that uses titration to
determine the concentration of an analyte in a solution.



burg

O = N WSH UV O N ®

Volume of HCI

acid of unkno
concentration

©2011, Aaron Glimme, LearnAPChemistry.com

At the
stoichiomg¢

Click reveals answer and explanation.

LO1.20: Des
determine




U S B aph which point would represent the pH of the solution at the equivalence point?

bursg

O = N WSH UV O N ®

Volume of HCI

acid of unkno
concentration

©2011, Aaron Glimme, LearnAPChemistry.com

At the
stoichiomsg

e correct answer is “d” D. The equivalence point of a titration is when the moles of
id are equal to the moles of base. On a titration curve it is the middle of the vertical
ction. For the titration of a week base the pH at the equivalence point will be less than

LO1.20: Deg
determine




Big Idea #2
Properties of Matter




+ . .
Properties Based on Bonding
Bonding M::'lnn%& S1taat:; t D:::‘::::i Dcors\:::':td
Points 298K electricity | electric in H,0
Yes

NaCl High solid No

MgCl,
CO2 Low: Usualty
Simple Only h bquid or gas Depends how
Covalent l20 mm'zma:ﬁ;:.s bt;;ndag:,be No No pdm;emgmd;r;e
2
Diamond
Network s ) ) No
T Grqphute High Solid gop(?:'c:'m / No
SiIO;
Fe
Mg High Solid Yes yes No
Al

= Visit the Virtual Lab to explore properties based on bond type (click on perform)

*Not all ionic compounds are soluble, but those containing ammonium, nitrate,
alkali metals, and halogens (except bonded to Ag, Hg and Pb) are typically

LO 2.1: Students can predict properties of substances based on their chemical
formulas, and provide explanations of their properties based on particle views


http://my.hrw.com/content/hmof/science/high_school_sci/na/gr9-12/hmd_chem_9780547708089_/dlo/virtuallab/c06_00vl18/index.html
http://my.hrw.com/content/hmof/science/high_school_sci/na/gr9-12/hmd_chem_9780547708089_/dlo/virtuallab/c06_00vl18/index.html

Oxyacid Strength Binary Acid Strength
Cl—0—H Increasing electronegativity
Electron density Increasing acidity
-
O0—Cl—O0—H
Electron density 6A 7A
o)
>CI —0—H . H,O HF
© B0
S >
Electron density g _g
§ S H,S
0\ S ¥
0—Cl—0—H — =
o £ 8
Electron density Increasing Acid § é HzSC
Strength o
A
The increased number of oxygen
atoms pulls negative charge away H,Te
from the O-H bond, weakening b

the attraction of the proton for the
electron pair and thus
strengthening the acid.

Source

Reading
LO 2.2:
student is
able to
explain the
relative
strengths of
acids and
bases based
on
structure,
IMF’s, &
equilibrium.

The greater the size of the negative ion, the
weaker its attraction for the proton, and so the
stronger the acid, and the weaker the conjugate
base. Hl is the strongest binary acid.



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjQzsSg1vXLAhUBQSYKHbxqBiAQFggdMAA&url=http://www.cabrillo.edu/~dscoggin/chem1b/lecturenotes/Ch18Acid-Base(a).ppt&usg=AFQjCNEMsc19yXNK8-FxmzKl-InbwFgd0A&sig2=QyKugl2jaDlv0enlr7Bq4w
http://chemwiki.ucdavis.edu/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_General_Chemistry_(Petrucci_et_al.)/16:_Acids_and_Bases/16.8:_Molecular_Structure_and_Acid-Base_Behavior

+Behaviors of Solids, Liquids, and
Gases

Solid ) [ Liquid ! Gas )
Molecules packed Molecules close Molecules
close together in a together but far apart
regular way L arranged randomly L )
A A v
R ."‘A‘ o\
Heat
A A
Y Y| —
- ] S
t 1 ‘.v Cool )/
L. A‘
N /\
Molecules vibrate Molecules can move Molecules move
about a fixed past each other, but rapidly in random
average position. there are many directions.

collisions.

LO 2.3: The student is able to use particulate models to reason about observed
differences between solid and liquid phases and among solid and liquid materials.



Source

1. Lots of tiny particles
+ that are relativel
o A far apart !
Kinetic ;3; {l ~ 1: / o aF.)a o
Molecular ! / W A 2. Elastic collisions-

Theory :.; ﬁ '62» > no loss of energy
(RMIT) /N 7j 3 Continuous, rapid,
% & ‘ random motion
g\
py 9 W 4. No interaction
\ between moleculy

= JF the temperature is not changed, no matter what else is listed in the problem, the
average kinetic energy of a gas does not change. That is the definition of
temperature!

= All gases begin to act non-ideally (aka real) when they are at low temperatures
and/or high pressures because these conditions increase particle interactions

= Under the same conditions, the stronger the intermolecular attractions between
gas particles, the LESS ideal the behavior of the gas

LO 2.4:The student is able to use KMT and IMF’s to make predictions about the
macroscopic properties of gases, including both ideal and non-ideal behaviors


http://slideplayer.com/slide/1710456/

+Properties of a Gas - Factors

= Don’t worry about individual gas law names, but do worry about the effect of
changing moles, pressure and temperature on a sample of gas

Temperature

Pressure

Q o
o (&
(e

(@]

(a) Pvs. V (Boyle’s law): At constant
temperature and amount of gas, pressure
decreases as volume increases (and vice
versa).

&

(@]
o Q
(=]

o
o

(b) V vs. T (Charles’ law): At constant
pressure and amount of gas, volume
increases as temperature increases (and
vice versa).

Source

I

Virtual
. Lab

") (@) o Sl D
QD - )

@ (@
(c) Vvs. n (Avogadro’s law): At constant
pressure and temperature, volume
increases as amount of gas increases (and
vice versa).

LO 2.5: Refine multiple representations of a sample of matter in the gas phase to
accurately represent the effect of changes in macroscopic properties on the sample


http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0/section_14/e8fc5173971c1c64ac22ad566542a98a.jpg
http://www.chm.davidson.edu/vce/GasLaws/GasConstant.html

+The Ideal Gas Law

Question:

15.5 grams of an unknown substance are placed in an sealed 5.00 L container. At 150 °C
the substance has fully converted to a gas and the pressure in the container is 1.10 atm.
Which of the following equations represents the molar mass of the unknown
compound?

5.00L-1.10atm
15.5g-0.0821 &£7 2 423 K

mol

b. 5.00L-1.10atm
0.0821 ¢tm & . 150 K

atm L
c.  15.5-0.08212tm L 150K
5.00L-1.10atm

0.0821 2™ L .150 K
d.
5.00L-1.10atm LO 2.6:The student
. can apply
atm .
15.59-0.0821 7 07 -423K mathematical
5.00L-1.10atm : .
relationships or
estimation to
determine
macroscopic variable:
Click reveals answer and explanation. for ideal gases




+The Ideal Gas Law

Question:

15.5 grams of an unknown substance are placed in an sealed 5.00 L container. At 150 °C
the substance has fully converted to a gas and the pressure in the container is 1.10 atm.
Which of the following equations represents the molar mass of the unknown
compound?

5.00L-1.10atm
15.5g-0.0821 &7 2 423 K

b. 5.00L-1.10atm
0.0821 ¢tm & . 150 K

atm_ L
C. 15.5900821 m 150K
5.00L-1.10atm

0.0821 2tm L .150 K
d
- 5.00L-1.10atm

15.5¢-0.0821 2t L 423 K

e. mol K
5.00L-1.10atm
©2011, Aaron Glimme, LearnAPChemistry.com
ST 15.59-0.0821 &tm L 423K
The correct answer is “e”, 5.00L-1.10atm . To calculate the molar mass

we need to take the grams of the unknown(15.5g) and divide by how many moles of
unknown there are. We can use the ideal gas law to determine the moles of unknown by
taking the pressure multiplied by the volume and dividing by R multiplied by the
temperature in kelvins, this gets inverted when we divide, giving us the answer above.

LO 2.6: The student
can apply
mathematical
relationships or
estimation to
determine
macroscopic variable:

for ideal gases



+Chromatography

R = ratio of the mobility (distance traveled)

f
of the compound to the mobility of the
front of liquid.
\

\ .

'ﬂ]ﬂJ[* /’,'

Least polare=y | L
- ” e
- ’f d’
- 7 @
. L o
: X 3 ]
E ~— o
S B i
-——;/‘é . : S~ ~ &
Most polar =" : . . TS o

Mixture of polar (e.g., water)
and non-polar (e.g., isopropanol)

In the mixture:

m  more polar molecule
(spends most of its time in the polar solvent)
more non-polar molecule
(spends most of its time in non-polar solvent)

LO 2.7: The student is able to explain how solutes can be separated by
chromatography based on intermolecular interactions.



Dissolving/Dissociation: Solute and
Solvent

= When drawing solute ions:

1. pay attention to size (Na™ is
smaller than CI°)

NaCl

crystal | § 2. Draw charges on ion, but not on

water

3. draw at least 3 water molecules
around each

) 4. the negative dipole (oxygen side)
V8 points toward cation and the
' oM postive dipoles (H side) points
towards the anion

LO 2.8: The student can draw and/or interpret representations of solutions that show
the interactions between the solute and solvent.



Source

+ Molarity and Particle Views

Video

= QUESTION: Rank the six solutions above in order of increasing molarity.
Pay attention to volume, and some have equal concentration

Click reveals answer

LO 2.9:The student is able to create or interpret representations that link the concept
of molarity with particle views of solutions


http://www.chegg.com/homework-help/six-different-aqueous-solutions-solvent-molecules-omitted-cl-chapter-3-problem-97p-solution-9780077340230-exc
https://www.youtube.com/watch?v=swwhwIfVqj0

Source

+ Molarity and Particle Views

Video

= QUESTION: Rank the six solutions above in order of increasing molarity.
Pay attention to volume, and some have equal concentration

= C,D,and E (tied); A and F (tied); most concentrated is B

LO 2.9:The student is able to create or interpret representations that link the concept
of molarity with particle views of solutions


http://www.chegg.com/homework-help/six-different-aqueous-solutions-solvent-molecules-omitted-cl-chapter-3-problem-97p-solution-9780077340230-exc
https://www.youtube.com/watch?v=swwhwIfVqj0

Source

+Distillation to Separate Solutions

Step \_
‘:'Gf [
Heating p
~f~_ Video
Pure vapour | \ [ o
* ™. — __‘:_-—_—____:_—\LI
,"/* * s\. o 1_r_—_"f' :.__\\
Waterand [® * *® od 4
ethanol - e ‘ A A
solution \ ., &7 —
-.\‘\\‘“ * [ % “
—

» In the diagram above, ethanol has lower IMF’s and a resulting lower boiling
point than water, so it can be heated, vaporized and condensed easily.

= Ethanol hydrogen bonds as water does and is polar, but part of the ethanol has
only weaker LDF’s because it’s nonpolar resulting in a lower boiling point

LO 2.10: Design/interpret the results of filtration, paper/column chromatography, or
distillation in terms of the relative strength of interactions among the components.


http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel_pre_2011/oneearth/fuelsrev1.shtml
https://www.youtube.com/watch?v=iX4WlKIAuYg

Source

+Distillation to Separate Solutions

D

. Eq
Heating F i
’--A'Ji-j’_'\,\ ) -———-ll\': Vldeo

Pure vapour y [ o =

,.-// \-. o -——— __;_,_—_"r .

.", .'.. .l ‘\\‘

Waterand | \
ethanol . ! !
solution '

N

Heat

» In the diagram above, ethanol has lower IMF’s and a resulting lower boiling
point than water, so it can be heated, vaporized and condensed easily.

= Ethanol hydrogen bonds as water does and is polar, but part of the ethanol has
only weaker LDF’s because it’s nonpolar resulting in a lower boiling point

LO 2.10: Design/interpret the results of filtration, paper/column chromatography, or
distillation in terms of the relative strength of interactions among the components.


http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel_pre_2011/oneearth/fuelsrev1.shtml
https://www.youtube.com/watch?v=iX4WlKIAuYg
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+London Dispersion Forces and Noble
and Nonpolar Gases

Question:
Which of the following would have the highest boiling point? Video

a. He
b. Ne
c. Xe
d. Kr

©2014, Aaron Glimme, LearnAPChemistry.com

Click reveals answer and explanation.

LO 2.11: The student is able to explain the trends in properties/predict properties of
samples consisting of particles with no permanent dipole on the basis of LDF’s.


http://chemistry.stackexchange.com/questions/10106/why-do-the-melting-and-boiling-points-of-the-noble-gases-increase-when-the-atomi
https://www.youtube.com/watch?v=Ron_r_CvYL8
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+London Dispersion Forces and Noble
and Nonpolar Gases

Question:
Which of the following would have the highest boiling point? Video

a. He
b. Ne
c. Xe
d. Kr

©2014, Aaron Glimme, LearnAPChemistry.com

Answer:

The correct answer is “c”. All of the choices are non-polar noble gasses. The only
intermolecular forces present are London dispersion forces. The strength of the LDFs
are determined by the polarizability of the atoms. The atom with the greatest number of
elections will be the most polarizable, having the strongest intermolecular forces and
consequently the highest boiling point.

LO 2.11: The student is able to explain the trends in properties/predict properties of
samples consisting of particles with no permanent dipole on the basis of LDF’s.


http://chemistry.stackexchange.com/questions/10106/why-do-the-melting-and-boiling-points-of-the-noble-gases-increase-when-the-atomi
https://www.youtube.com/watch?v=Ron_r_CvYL8
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+London Dispersion Forces and Noble
and Nonpolar Gases

Question:
Which of the following would have the highest boi This answer is VITAL!

Remember with

a. He increased number of
b. Ne ELECTRONS a particle
c. Xe becomes more
d. Kr polarizable, not with
iIncreased mass!
©2014, Aaro
Answer:

The correct answer is “c”. All of the choices are non-polar nd®%¢€ gasses. The only
intermolecular forces present are London dispersion forces. The strength of the LDFs
are determined by the polarizability of the atoms. The atom with the greatest number of
elections will be the most polarizable, having the strongest intermolecular forces and
consequently the highest boiling point.

LO 2.11: The student is able to explain the trends in properties/predict properties of
samples consisting of particles with no permanent dipole on the basis of LDF’s.
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https://www.youtube.com/watch?v=Ron_r_CvYL8
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Answer:

The correct answer is “c”. All of the choices are non-polar noble gasses. The only
intermolecular forces present are London dispersion forces. The strength of the LDFs
are determined by the polarizability of the atoms. The atom with the greatest number of
elections will be the most polarizable, having the strongest intermolecular forces and
consequently the highest boiling point.

LO 2.11: The student is able to explain the trends in properties/predict properties of
samples consisting of particles with no permanent dipole on the basis of LDF’s.
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+London Dispersion Forces and Noble
and Nonpolar Gases

Qu
Wh Video
An Increasing Boiling Point
e —————
The 1 T T T T T T >
inte -275 -250 -225 200 175 150 125 100 75 -50
are Boiling Point (°C)
elections will be the most polarizable, having the strongest intermolecular forces and
consequently the highest boiling point.

LO 2.11: The student is able to explain the trends in properties/predict properties of
samples consisting of particles with no permanent dipole on the basis of LDF’s.
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+Deviations from Ideal Gas Behavior

Question:
At which values of temperature and pressure will the gas N2 behave least like an ideal
gas?
Temperature Pressure When watching the
1((1;) %?) video, don’t concern
:' 100 i yourself with Van
C' . 0' " der Walls — AP Exam
i 700 e focuses on LDF’s
e. 700 100 lstead

D\

Click reveals answer and explanation.

LO 2.12: The student can qualitatively analyze data regarding real gases to identify
deviations from ideal behavior and relate these to molecular interactions


http://www.learnapchemistry.com/potd/problem.php?pc=5f87cc5c5248660fc9a3da6fabb37be3
https://www.youtube.com/watch?v=GIPrsWuSkQc
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Answer:

The correct answer is “a”, 100K and 100 atm. The ideal gas law works best at high
temperatures and low pressures. When a gas is at low temperatures and high pressures
a gas will behave least like an ideal gas.

LO 2.12: The student can qualitatively analyze data regarding real gases to identify
deviations from ideal behavior and relate these to molecular interactions


http://www.learnapchemistry.com/potd/problem.php?pc=5f87cc5c5248660fc9a3da6fabb37be3
https://www.youtube.com/watch?v=GIPrsWuSkQc

Source

4+ Hydrogen Bonding

= Hydrogen bonding is seen in the following molecules: water, DNA,
ammonia, HF, and alcohols. H-bonding is an attraction or force not a true

intramolecular bond.

Hydrogen bonds are like a sandwich with N, O, and/or F as the bread. H
will be in a intramolecular (same molecule) bond with one N, O, and/or F
and have an intermolecular attraction (different molecule) with the other. -
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LO 2.13: The student is able to describe the relationships between the structural
features of polar molecules and the forces of attraction between the particles.


http://chemstone.net/Principles/7.Solutions/Soln.html
http://www.bozemanscience.com/ap-chem-017-dipole-forces
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http://chemstone.net/Principles/7.Solutions/Soln.html
http://www.bozemanscience.com/ap-chem-017-dipole-forces
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+Coulomb’s Law and Solubility

= Jonic compounds can dissolve in polar liquids like water because the ions are
attracted to either the positive or negative part of the molecule.

= There is a sort of tug-of-war involved with species dissolved in water. The water
pulls individual ions away from the solid. The solid is pulling individual ions back
out of the water. There exists an equilibrium based on how strongly the water Video
attracts the ions, versus how strong the ionic solid attracts the ions.

= We can predict the degree of solubility in water for different ionic compounds using
Coulomb's law. The smaller the ions, the closer together they are, and the harder it is
for the water molecules to pull the ions away from each other. The greater the
charge of the ions, the harder it is for the water to pull them away as well.

A negatively charged body

QUESTION: Predict which of the following pairs
should be more soluble in water, based on ®—r
Coulombic attraction.

= [iF or NaF
The net negative clectric charge increases
= NaF or KF ® v
» BeO or LiF So does the exerted net dlectric foree, F

LO 2.14: Apply Coulomb’s law to describe the interactions of ions, & the attractions of
ions/solvents to explain the factors that contribute to solubility of ionic compounds.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Equilibria/Solubilty/Solubility
http://www.bozemanscience.com/ap-chem-020-ionic-bonding
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Entropy in Solutions

Water dissolves salts by forming a shell of
interacting water molecules around the ions. This
weakens electrostatic interactions between the
ions and counteracts their tendency to form a
crystal lattice. Dissolution of the salt s
accompanied by a large increase in entropﬁs the
individual ions become more mobile. The change
in free energy of the system is overall very
negative (AG = AH - TaS) and hence dissolution of
the salt is thermodynamically highly favored.

9

Dissolution of NaCl in water

Video
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speaking.
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Interactiong

There are
exceptions

LO 2.15: Explain observations of the solubility of ionic solids/molecul rater and
other solvents on the basis of particle views that include IMF’s and en c effects.


http://www.chem.fsu.edu/chemlab/chm1046course/solubi10.jpg
https://www.youtube.com/watch?v=cnSTsLvyuOk
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+
Physical Properties and IMF’s

Question:
Which of the following substances would have the highest vapor pressure at 25°C? Video

a. H.O
Hg

c. CCly
d. CioH22

©2011, Aaron Glimme, LearnAPChemistry.com

Click reveals answer and explanation.

LO 2.16: Explain the properties (phase, vapor pressure, viscosity, etc.) of small and
large molecular compounds in terms of the strengths and types of IMF’s.


http://schoolbag.info/chemistry/mcat_2/20.html
http://www.bozemanscience.com/ap-chem-018-intermolecular-forces

+
Physical Properties and IMF’s

Question:

a. H.O
Hg

c. CCly
d. CioHz2

Answer:

Which of the following substances would have the highest vapor pressure at 25°C?

©2011, Aaron Glimme, LearnAPChemistry.com

The correct answer is “c”, CCls. The highest vapor pressure will be the substance that
have the weakest intermolecular forces. The smallest non-polar molecule will generally
have the weakest intermolecular forces and therefor the highest vapor pressure.

Source

Video

LO 2.16: Explain the properties (phase, vapor pressure, viscosity, etc.) of small and

large molecular compounds in terms of the strengths and types of IMF’s.
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a. H.O
Hg

c. CCly
d. CioHz2

y.COImM

Answer:

The correct answe
have the weakest i
have the weakest intermolecular forces and there

or the highest vapor pressure.

LO 2.16: Explain the properties (phase, vapor pressure, viscosity, etc.) of small and
large molecular compounds in terms of the strengths and types of IMF’s.


http://schoolbag.info/chemistry/mcat_2/20.html
http://www.bozemanscience.com/ap-chem-018-intermolecular-forces

+Bonding and Electronegativity

Differences in electronegativities lead to different types of

bonding*:

0.0 — 0.4: Bond is generally considered nonpolar

0.5 — 1.7: Bond is generally considered polar
> 1.7: Bond is generally considered ionic

Source

Video
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Electronegativities are assigned values and are relative to fluorine. Electronegativity is a function of shielding / effective nuclear charge.

*Values presented are one possibility — other scales exist.

LO 2.17: The student can predict the type of bonding present between two atoms in a binary
compound based on position in the periodic table and the electronegativity of the elements.


http://butane.chem.uiuc.edu/cyerkes/chem102ae_fa08/homepage/Chem102AEFa07/Lecture_Notes_102/copy%20of%20Lecture%2012%20.htm
https://www.youtube.com/watch?v=spdE3oxklIg
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+Ranking Bond Polarity

ich of the following bonds would be MOST polar?
Video

a.C—O
b. H—O
c. H—F
d. C—N
e. F—O

©2011, Aaron Glimme, LearnAPChemistry.com

LO 2.18:The student is able to rank and justify the on the ranking of bond polarity on the basis of the locations
of the bonded atoms in the periodic table.


http://www.learnapchemistry.com/potd/problem.php?pc=c83c76847ae3c21bd44c8edc4690ce5b
https://www.youtube.com/watch?v=un93VJxUfPA

Ranking Bond Polarity

'hich of the following bonds would be MOST polar?

a.C—O
b. H—O
c. H—F
d. C—N
e. F—O

©2011, Aaron Glimme, LearnAPChemistry.com

nswer:

he correct answer is “c”, H—F. The polarity of a bond is determined by the difference
the electronegativity between the two atoms. Atoms that are far apart on the periodi

ible will have a greater difference in electronegativity. H and F are the furthest apart i
is list, and will have the biggest difference.

LO 2.18:The student is able to rank and justify the on the ranking of bond polarity on the basis of the locations
of the bonded atoms in the periodic table.


http://www.learnapchemistry.com/potd/problem.php?pc=c83c76847ae3c21bd44c8edc4690ce5b
https://www.youtube.com/watch?v=un93VJxUfPA
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+Ionic Substances and their Properties

Ionic compounds are brittle. As the crystal
structure is struck, the ions become
displaced. The displaced ions will repel like
charges and fracture.

Salt in the Solid State

Video

sharp blow l repulsion

® o
o®
® o
o®

LO 2.19: The student can create visual representations of ionic substances that connect the microscopic
structure to macroscopic properties and/or use representations to connect microscopic structure to

macroscopic properties (e.g., boiling point, solubility, hardness, brittleness, low volatility, lack of malleability,
ductility, or conductivity).


http://getchemistry.weebly.com/ionic-bonding.html
https://www.youtube.com/watch?v=TxHi5FtMYKk
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“The metallic bond is not the easiest type of
bond to understand, so an analogy may help.
Imagine filling your bathtub with golf balls. Fill it
right up to the top. The golf balls will arrange
themselves in an orderly fashion as they fill the
space in the tub. Do you see any spaces between
the balls? If you turn on the faucet and plug the
drain, the water will fill up those spaces. What

you now have is something like metallic \
bonding. The golf balls are the metal kernals, " 9 °
and the water represents the valence electrons
shared by all of the atoms.”

LO 2.20: The student is able to explain how a bonding model involving delocalized electrons is consistent with
macroscopic properties of metals (e.g., conductivity, malleability, ductility, and low volatility) and the shell

model of the atom.


http://study.com/academy/lesson/what-is-a-metallic-bond-definition-properties-examples.html
https://www.youtube.com/watch?v=UfovGpgRNx8

Source
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LO 2.21:The student is a /9 SR
hybridization, and make predictions about polarity.


https://www.wyzant.com/resources/lessons/science/chemistry/lewis_structures_vsepr
https://www.youtube.com/watch?v=xNYiB_2u8J4

.....

o
H N

H
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" o
C

he correct answer is “c”, sp>. The oxygen atom has 4 electron pairs around it, 2 bonds

ind 2 non-bonding pairs. When there are four pairs the hybridization is sp?’.

LO 2.21: The student is a /i S
hybridization, and make predictions about polarity.


https://www.wyzant.com/resources/lessons/science/chemistry/lewis_structures_vsepr
https://www.youtube.com/watch?v=xNYiB_2u8J4

Source

hich of the following molecules has polar bonds but is a non-polar molecule? Video

a.0;

b. NH3
c. HF

d. H.CO
e. CCls

©2011, Aaron Glimme, LearnAPChemistry.com

LO 2.21:The student is able to use Lewis diagrams and VSEPR to predict the geometry of molecules, identify
hybridization, and make predictions about polarity.


https://www.wyzant.com/resources/lessons/science/chemistry/lewis_structures_vsepr
https://www.youtube.com/watch?v=xNYiB_2u8J4

'hich of the following molecules has a tetrahedral shape?

hich of the following molecules has polar bonds but is a non-polar molecule?

a.0;

b. NH3
c. HF

d. H.CO
e. CCl4

©2011, Aaron Glimme, LearnAPChemistry.com

e correct answer is “e”, CCls. For a molecule to be non-polar either the bonds in th
olecule need to be non-polar or the polar bonds in the molecule need to be
mmetrically arranged so that they cancel out. The CCls molecule has polar C-Cl

LO 2.21:The student is able to use Lewis diagrams and VSEPR to predict the geometry of molecules, identify
hybridization, and make predictions about polarity.


https://www.wyzant.com/resources/lessons/science/chemistry/lewis_structures_vsepr
https://www.youtube.com/watch?v=xNYiB_2u8J4

Source

ich of the following molecules has a tetrahedral shape?

a. NH3
b. F.O Video
c. BH3s

d. CHj4

e. HF

©2011, Aaron Glimme, LearnAPChcmistry.com

LO 2.21:The student is able to use Lewis diagrams and VSEPR to predict the geometry of molecules, identify
hybridization, and make predictions about polarity.


https://www.wyzant.com/resources/lessons/science/chemistry/lewis_structures_vsepr
https://www.youtube.com/watch?v=xNYiB_2u8J4

'hich of the following molecules has a tetrahedral shape?

a. NH3
b. H2O
c. BH3
d. CH;4
e. HF

©2011, Aaron Glimme, LearnAPChemistry.com

he correct answer is “d”, CHas. For a molecule to have a tetrahedral shape the central
htom needs to have 4 bonds and no un-bonded electron pairs. Only CHs has 4 bonds

LO 2.21:The student is able to use Lewis diagrams and VSEPR to predict the geometry of molecules, identify
hybridization, and make predictions about polarity.


https://www.wyzant.com/resources/lessons/science/chemistry/lewis_structures_vsepr
https://www.youtube.com/watch?v=xNYiB_2u8J4

Great Lab Example

+ Ionic or Covalent? Bonding Tests

Ionic Compounds Covalent Compounds

As the type of .
: yP Melting/Boiling Points [Ees (GelEEl Hete enils it
particles and covalent molecules
forced of Does not conduct electricity in
attraction in ionic Electrical Conductivity Conduct electricity in molten any state when pure, may
d 1 and in aqueous solution conduct in aqueous solution
and covalent (i.e., acids) Video
compounds differ, T — v S
Solubility in water and organic Soluble in water nsofuvle In water, except lor Source

their properties

some simple molecule

also differ! solvents Insoluble in organic solvent Selbmisite fm preatia sl
Volatility Not volatile Highly volatile
Substance | Type of Phase at Melting Electrical Electrical Solubility in
Bonding room Point (C) Conductivity | conductivity | water (does it
temperature without in water dissolve)
te! .
rseled Tiqud ~r v Use properties of
Water
Sodi Solid .
S ¥ Click to do a o COITP(:u?:S 10 :
NaC g lIierentiate tnem irom
Potassium S8 virtual lab on
Iodide bondi ¢ one another. Other tests
e onding type may be performed to
S (chart pictured positively identify the
Ethanol compound, but are not
C:H:0
Co(rn Star)ch ick to view necessary to Observe
results
- types of bonds present.
Glycerin Click to view Click to view
results results
Calcium Solid Click to view Click to view yes
Chloride results results
(CaCly)

LO 2.22: The student is able to design or evaluate a plan to collect and/or interpret data needed to deduce the
type of bonding in a sample of a solid.


https://www.youtube.com/watch?v=UKoqUwaIFYg
http://ganguhaqkh.blogspot.com/2009/08/chemistry-c6-chemical-bonding.html
https://docs.google.com/document/d/1IyRUW_J_n-5owbTTeh5PbtCmFowlBkTc2een99Egujc/edit?usp=sharing

Source

+ Crystal Structure of Ionic
Compounds

Nat  CI” IONIC BOND
SODIUM CHLORIDE, NaCl

- Video
Nat —» «—

Main lonic Effect:
Opposite charges attract

Inner electrons T

Outer electrons

Slight repulsion
of "like"
negative
charges

(a) lonic solid: strong electrostatic interactions P

LO 2.23: The student can create a representation of an ionic solid that shows essential characteristics of the
structure and interactions present in the substance.


http://www.chemguide.co.uk/atoms/structures/ionicstruct.html
https://www.youtube.com/watch?v=bzr-byiSXlA

Source

+ Crystal Structure of Ionic
Compounds

Sodium chloride and magnesium oxide have exactly the same structure. Their melting and boiling

points are: Video
NaCl MgO
melting point (K) 1074 3125
boiling point (K) 1686 3873

Explain why the values for magnesium oxide are much higher than those for sodium chloride.

LO 2.24: The student is able to explain a representation that connects properties of an ionic solid to its
structural attributes and to the interactions present at the atomic level.


http://www.chemguide.co.uk/atoms/questions/q-ionicstructs.pdf
https://www.youtube.com/watch?v=5vSBjS99Ozs

Source

+ Crystal Structure of Ionic

Sodium chloride and magnesium oxide have exactly the same structure. Their melting and boiling
points are: .
Video
NaCl MgO
melting point (K) 1074 3125
boiling point (K) 1686 3873

Explain why the values for magnesium oxide are much higher than those for sodium chloride.

The +2 and -2 ions attract each other more strongly than +1 attracts -1.

The ions Mg*? and O-2 are smaller than Na*! and Cl-!, therefore the ions
can get closer together, increasing their electrostatic attractions.

LO 2.24: The student is able to explain a representation that connects properties of an ionic solid to its
structural attributes and to the interactions present at the atomic level.


http://www.chemguide.co.uk/atoms/questions/q-ionicstructs.pdf
https://www.youtube.com/watch?v=5vSBjS99Ozs

Source

Alloys and their Properties

Question:

Metal Metalic Radius (pm) comms:,to;l dation Nm::c:o‘ﬂam

Silver 144 +1 1

Gold 144 +3 1

Copper 128 +1, +2 1

Video

Pure silver is generally considered too soft to form useful objects and is generally
alloyed with other metals such as copper and gold. Two alloys of sliver were created
with equal amounts of silver alloyed with either gold or copper. If the silver/copper
alloy is harder than the silver/gold alloy, which of the following would best explain the
difference based on the table above.

a. Silver and gold have very similar metallic radii making them easy to alloy.

b. Silver has a higher electronegativity than copper making the alloy tougher. SUBSTITUTION

c. Copper has a small radius than silver disturbing the crystal structure and making ALLOY
the alloy harder.

d. Copper and gold do not have any oxidation states in common, making the alloy
much softer.

©2014, Aaron Glimme, LearnAPChemistry.com

INTERSTITIAL
ALLOY

LO 2.25:The student is able to compare the properties of metal alloys with their constituent elements to
determine if an alloy has formed, identify the type of alloy formed, and explain the differences in properties
using particulate level reasoning.


http://www.compoundchem.com/2015/07/07/alloys/
https://www.youtube.com/watch?v=FJdeHrwD0_8

Source

Alloys and their Properties

Question:

Metal Metalic Radius (pm) “mmg'a?e:'d“bﬂ o

Silver 144 +1 1

Gold 144 +3 1

28 o
2444
+444

Copper 128 +1, +2 1

Video

Pure silver is generally considered too soft to form useful objects and is generally
alloyed with other metals such as copper and gold. Two alloys of sliver were created
with equal amounts of silver alloyed with either gold or copper. If the silver/copper
alloy is harder than the silver/gold alloy, which of the following would best explain the
difference based on the table above.

+44

a. Silver and gold have very similar metallic radii making them easy to alloy.

b. Silver has a higher electronegativity than copper making the alloy tougher. SUBSTITUTION
c. Copper has a small radius than silver disturbing the crystal structure and making ALLOY

the alloy harder.

d. Copper and gold do not have any oxidation states in common, making the alloy
much softer.

©2014, Aaron Glimme, LearnAPChemistry.com

Answer:

The correct answer is “c”. When there is a significant difference in the size of the atoms
in an alloy the crystal lattice will become distorted, making it more difficult for the
crystal structure to shift making the alloy harder. The added copper atoms in the silver INTERSTITIAL
lattice pin the lattice in place around the copper atoms preventing movement and ALLOY
making the alloy harder.

LO 2.25:The student is able to compare the properties of metal alloys with their constituent elements to
determine if an alloy has formed, identify the type of alloy formed, and explain the differences in properties
using particulate level reasoning.


http://www.compoundchem.com/2015/07/07/alloys/
https://www.youtube.com/watch?v=FJdeHrwD0_8

Alloys!

Q008§

Source

Type of Alloy Example Notes:
sterling silver | - atomic radii are within ~15% to not affect the overall crystal structure’
substitutional | Ag 93% - crystal structure of elements should be same for least disruption
Cu 7% - resulting solid remains malleable, ductile, similar density
steel . . . :
- interstitial substituted elements commonly non-metals (H, B, C, N, O, Si)
interstitial Fe >99% . - - .
- resulting solid is more rigid, less malleable / ductile
C <1%
MgZn; - definite proportions of constituent elements
intermetallic*? | NasZn;; - crystal lattice structure is different from any of constituent metals
CusZn - resulting solid has properties often different from constituents
solder - multiple phases / crystal structures throughout the solid
heterogeneous | Pb ~50% (ie. phase of lead only = phase of tin and lead* = phase of tin only)’
Sn ~50% - properties can vary broadly

* intermetallic is sometimes used to describe phases in heterogeneous alloys with multiple metals

LO 2.26: Students can use the electron sea model of metallic bonding to predict or make claims about
macroscopic properties of metals or alloys.



http://apchemresources2014.weebly.com/uploads/9/7/6/4/9764824/alloy_handout.pdf
https://www.youtube.com/watch?v=oW0jmrQUiWM

Alloys!

Q008§

Source

Type of Alloy Example Notes:
sterling silver | - atomic radii are within ~15% to not affect the overall crystal structure’
substitutional | Ag 93% - crystal structure of elements should be same for least disruption
Cu 7% - resulting solid remains malleable, ductile, similar density
steel . . . :
- interstitial substituted elements commonly non-metals (H, B, C, N, O, Si)
interstitial Fe >99% . - - .
- resulting solid is more rigid, less malleable / ductile
C <1%
MgZn; - definite proportions of constituent elements
intermetallic*? | NasZn;; - crystal lattice structure is different from any of constituent metals
CusZn - resulting solid has properties often different from constituents
solder - multiple phases / crystal structures throughout the solid
heterogeneous | Pb ~50% (ie. phase of lead only = phase of tin and lead* = phase of tin only)’
Sn ~50% - properties can vary broadly

* intermetallic is sometimes used to describe phases in heterogeneous alloys with multiple metals

LO 2.26: Students can use the electron sea model of metallic bonding to predict or make claims about
macroscopic properties of metals or alloys.



http://apchemresources2014.weebly.com/uploads/9/7/6/4/9764824/alloy_handout.pdf
https://www.youtube.com/watch?v=oW0jmrQUiWM

Source

Alloys!

Z @@@

O

0 o e ©

LO 2.26: Students can use the electron sea model of metallic bonding to predict or make claims about
macroscopic properties of metals or alloys.


http://apchemresources2014.weebly.com/uploads/9/7/6/4/9764824/alloy_handout.pdf
https://www.youtube.com/watch?v=oW0jmrQUiWM

Source

+ Metallic Solids - Characteristics

Delocalised Metal ion
electrons

LO 2.27: The student can create a representation of a metallic solid that shows essential characteristics of the
structure and interactions present in the substance.


http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map:_Inorganic_Chemistry_(Housecroft)/06:_Structures_and_energetics_of_metallic_and_ionic_solids/6.07:_Alloys_and_Intermetallic_Compounds
https://www.youtube.com/watch?v=jqf8SOJfvME

Source

+Properties of Metallic Solids

Pne type of semiconductor is a germanium crystal adding some impurities can increase
e conductivity of the semiconductor. Adding which of the following would create a P- Video
ype semiconductor with increased conductivity?

a. The addition of silicon.

b. The addition of phosphorus.
c. The addition of selenium.

d. The addition of gallium.

©2014, Aaron Glimme, LearnAPChemistry.com

LO 2.28: The student is able to explain a representation that connects properties of a metallic solid to its
structural attributes and to the interactions present at the atomic level.


https://www.youtube.com/watch?v=jqf8SOJfvME
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map:_Inorganic_Chemistry_(Housecroft)/06:_Structures_and_energetics_of_metallic_and_ionic_solids/6.07:_Alloys_and_Intermetallic_Compounds

Properties of Metallic Solids

Pne type of semiconductor is a germanium crystal adding some impurities can increase
e conductivity of the semiconductor. Adding which of the following would create a P-
ype semiconductor with increased conductivity?

a. The addition of silicon.

b. The addition of phosphorus.
c. The addition of selenium.

d. The addition of gallium.

©2014, Aaron Glimme, LearnAPChemistry.com

he correct answer is “d”. A P-type semiconductor has been doped with the addition of
element with fewer electrons than the element that makes up the crystal matrix.
ermanium has four valence electrons, only the gallium has fewer that 4 valance

lectrons.

LO 2.28: The student is able to explain a representation that connects properties of a metallic solid to its
structural attributes and to the interactions present at the atomic level.


https://www.youtube.com/watch?v=jqf8SOJfvME
http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map:_Inorganic_Chemistry_(Housecroft)/06:_Structures_and_energetics_of_metallic_and_ionic_solids/6.07:_Alloys_and_Intermetallic_Compounds

Source

+Covalent Compounds - Interactions

Graphite are sheets
of carbon atoms
bonded together

and stacked on top

Graphite — of one another. The

] Interactions
between sheets is
weak, much like
the substance itself.

Graphite vs Diamond

Video

Diamond’s carbon
atoms are more
connected in a

three dimensional

structure, adding
strength to the
network.

LO 2.29:The student can create a representation of a covalent solid that shows essential characteristics of the
structure and interactions present in the substance.


http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch13/category.php
https://www.youtube.com/watch?v=PU9rzTjLyb4

Source

+ Covalent Solids

A student places a mixture of plastic beads consisting of polypropylene (PP) and polyvinyl chloride (PVC) in a
1.0 L beaker containing distilled water. After stirring the contents of the beaker vigorously, the student observes
that the beads of one type of plastic sink to the bottom of the beaker and the beads of the other type of plastic
float on the water. The chemical structures of PP and PVC are represented by the diagrams below, which show :
segments of each polymer. Video

PP PVC

(a) Given that the spacing between polymer chains in PP and PVC is similar, the beads that sink are made of
which polymer? Explain.

LO 2.30: The student is able to explain a representation that connects properties of a covalent solid to its
structural attributes and to the interactions present at the atomic level.


https://secure-media.collegeboard.org/ap-student/pdf/chemistry/ap14_frq_chemisty.pdf
https://www.youtube.com/watch?v=PU9rzTjLyb4

Source

+ Covalent Solids

A student places a mixture of plastic beads consisting of polypropylene (PP) and polyvinyl chloride (PVC) in a
1.0 L beaker containing distilled water. After stirring the contents of the beaker vigorously, the student observes
that the beads of one type of plastic sink to the bottom of the beaker and the beads of the other type of plastic

float on the water. The chemical structures of PP and PVC are represented by the diagrams below, which show :
segments of each polymer. Video

H H /H H\ H H H H /H H\ H H
| | | | | |
—C—C—Cc—C—-Cc—C— —C—C—A—C—C——C—C—
| | || | | ||
H CH; \H CHy/ H CH, H a0 \H G/ H C

n |, n

PP PVC

(a) Given that the spacing between polymer chains in PP and PVC is similar, the beads that sink are made of
which polymer? Explain.

The PVC beads sink. The spacing between chains 1s
similar, but a Cl atom has a greater mass than CH, .

LO 2.30: The student is able to explain a representation that connects properties of a covalent solid to its
structural attributes and to the interactions present at the atomic level.


https://secure-media.collegeboard.org/ap-student/pdf/chemistry/ap14_frq_chemisty.pdf
https://www.youtube.com/watch?v=PU9rzTjLyb4

+Molecu1ar Compounds - Interactions ==

Water (H,O) Iodine (I,)

Polar Covalent compounds align according to
dipole-dipole interactions.

Non-Polar Covalent compounds align
according to LDF’s as a solid.

me
al

Covalent bond - London Dispersion Force -
shorter distance. longer distance

LO 2.31: The student can create a representation of a molecular solid that shows essential characteristics of the
structure and interactions in the substance.



http://www.chemguide.co.uk/atoms/structures/molecular.html
https://www.youtube.com/watch?v=qkGxZO4z_k8

Source

+ Molecular Compound Interactions

Which of the following are broken when water boils?

a. Covalent bonds
b. Hydrogen bonds
c. Dipole-dipole interactions

d. London Dispersion Forces Video

Explain why 1odine 1s a solid with a low melting and boiling point, almost insoluble in water, but
soluble in organic solvents such as hexane, and 1s also a non-conductor of electricity.

LO 2.32:The student is able to explain a representation that connects properties of a molecular solid to its
structural attributes and to the interactions present at the atomic level.


http://www.chemguide.co.uk/atoms/structures/molecular.html
http://www.bozemanscience.com/ap-chem-026-molecular-solids

Source

+ Molecular Compound Interactions

Which of the following are broken when water boils?

a. Covalent bonds

b. Hydrogen bonds

c. Dipole-dipole interactions
d. London Dispersion Forces Video

All of these are broken except covalent bonds.

Explain why 1odine 1s a solid with a low melting and boiling point, almost insoluble in water, but
soluble in organic solvents such as hexane, and 1s also a non-conductor of electricity.

LO 2.32:The student is able to explain a representation that connects properties of a molecular solid to its
structural attributes and to the interactions present at the atomic level.


http://www.chemguide.co.uk/atoms/structures/molecular.html
http://www.bozemanscience.com/ap-chem-026-molecular-solids

Source

+ Molecular Compound Interactions

Which of the following are broken when water boils?

a. Covalent bonds

b. Hydrogen bonds

c. Dipole-dipole interactions
d. London Dispersion Forces Video

All of these are broken except covalent bonds.

Explain why 1odine 1s a solid with a low melting and boiling point, almost insoluble in water, but
soluble in organic solvents such as hexane, and 1s also a non-conductor of electricity.

lodine consists of I, molecules, and the only attractions between the molecules are van der Waals
dispersion forces. There are enough electrons in the I. molecule to make the temporary dipoles
creating the dispersion forces strong enough to hold the iodine together as a solid. But they aren't
all that strong, and so the solid has a low melting point and boiling point.

It 1s almost insoluble in water because the only attractions between water molecules and i1odine
molecules are dispersion forces. But in order to get the iodine molecules in between the water
molecules you would have to break hydrogen bonds in the water. This costs too much energy
which can't be recovered from the new attractions between water and iodine.

It dissolves in organic solvents such as hexane because, in this case, all you have to do 1s break the
dispersion forces in the iodine and the hexane, and replace them by similar forces between the
iodine and hexane.

lodine doesn't conduct electricity because it doesn't have any mobile delocalised electrons.

LO 2.32:The student is able to explain a representation that connects properties of a molecular solid to its
structural attributes and to the interactions present at the atomic level.


http://www.chemguide.co.uk/atoms/structures/molecular.html
http://www.bozemanscience.com/ap-chem-026-molecular-solids

