Big Idea #1
Properties of Matter




Source

Ratio of Masses in a Pure Sample

m All elements and molecules
are made up of atoms Video
m Substances with the same
atomic makeup will have same
average masses
108 g/mol m The ratio of masses of the same
‘ substance is independent of
size of the substance
m Molecules with the same
atomic makeup (ex: H,O) will
have the same ratio of average
atomic masses
m 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://indianapublicmedia.org/amomentofscience/full-glass/
http://www.bozemanscience.com/ap-chem-001-molecules-elements

Source

Ratio of Masses in a Pure Sample

1) A 4.5 gram sample of which of the following would have
the greatest mass percent 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. SrO (molar mass = 104 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://indianapublicmedia.org/amomentofscience/full-glass/
http://www.bozemanscience.com/ap-chem-001-molecules-elements

Source

Ratio of Masses in a Pure Sample

) 1) A 4.5 gram sample of which of the following would have
the greatest mass percent 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. SrO (molar mass = 104 g/mol)

_ Answer:

‘ A. 16/62 x 100 = 26 %
8 C. 16/40 x 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://indianapublicmedia.org/amomentofscience/full-glass/
http://www.bozemanscience.com/ap-chem-001-molecules-elements

Source

Composition of Pure Substances
a_nd / or MlXtureS m Percent mass can be used to

determine the composition of a
substance
= % mass can also be used to _
find the empirical formula  Yldeo
Chemical Empirical m The empirical formula is the

Formula Formula simplest formula of a
substance
H 2 02 H o m It is a ratio between the
moles of each element in the
substance
m Quick steps to solve!

m % to mass, mass to moles,
divide by the smallest and
multiply ‘til wholel)

m The molecular formula is the
actual formula of a substance

m It is a whole number
multiple of the empirical
formula

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

PIRICAL FORMULA



http://study.com/academy/lesson/calculating-percent-composition-and-determining-empirical-formulas.html
http://www.bozemanscience.com/ap-chem-002-chemical-analysis

Source

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

a. NO

b. N20
c. NO:2
d. NOs
e. N20¢

©2011, Aaron Glimme, LE‘HI’HAPCHEH‘[EU’}“.CDH‘L

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://study.com/academy/lesson/calculating-percent-composition-and-determining-empirical-formulas.html
http://www.bozemanscience.com/ap-chem-002-chemical-analysis

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

formula of the compound is

a. NO

b. N20
c. NO2
d. NOs
e. N20¢

©2011, Aaron Glimme, LearnAPChemistry.com

Answer:

The correct answer is “c”, NO:z. 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,
NO:.

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


http://study.com/academy/lesson/calculating-percent-composition-and-determining-empirical-formulas.html
http://www.bozemanscience.com/ap-chem-002-chemical-analysis

Source

Identifying Purity of a Substance

m Impurities in a substance can
change the percent
composition by mass Video

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

m When heating a hydrate, the
substance is heated several
times to ensure the water is
driven off
m 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.


https://careychemblock2group5.wordpress.com/2013/03/15/empirical-formula-lab/
https://www.youtube.com/watch?v=fcTfNhJCkog

Source

Identifying Purity of a Substance

m Impurities in a substance can
change the percent
composition by mass
$)M The mass percent of oxygen in pure glucose, C;H,,0O, 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 CzH,,0O4
c. fructose, C;H,,04
d. sucrose C,,H,,0,,;

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.


https://careychemblock2group5.wordpress.com/2013/03/15/empirical-formula-lab/
https://www.youtube.com/watch?v=fcTfNhJCkog

Source

Identifying Purity of a Substance

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

il ard~Wa - L olomMaoan

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 sample?

|a. n-eicosane (C,,H,,) a. has the lowest percent by mass of O
b. ribose CzH,,0O4

c. fructose, C;H,,04
d. sucrose C,,H,,0,,;

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.


https://careychemblock2group5.wordpress.com/2013/03/15/empirical-formula-lab/
https://www.youtube.com/watch?v=fcTfNhJCkog

Source

Mole Calculations

m 1 mole = 6.02 x 1023 representative particles
m ] mole = molar mass of a substance
m 1 mole = 22.4 L of a gas at STP

Video

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.


https://mrkubuske.com/2012/10/
http://www.bozemanscience.com/ap-chem-003-the-mole

Source

How many moles of carbon are in 88 grams of propane, C,H,?
4)

A. 2.0
B. 16.0
C. 6.0
D. 96.0

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.


https://mrkubuske.com/2012/10/
http://www.bozemanscience.com/ap-chem-003-the-mole

4)

How many moles of carbon are in 88 grams of propane, C,H,?

A. 2.0
B. 16.0
C. 6.0
D. 96.0

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

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.


https://mrkubuske.com/2012/10/
http://www.bozemanscience.com/ap-chem-003-the-mole

Source

Electronic Structure of the Atom:
Electron Configurations

Electron Configurations

Increasing Energy ——

At# s 25 2 3s Electron Configuration
H 1 1s!
He 2 12
Li 3 1s°2s'
Be 4 1s°2s
B 5 1s*2s%2p
c 6 1s%2s%2p?
N 7 1s%2s%2p*
o 8 1s%2s5%2p*
F 9 1s%2s%2p°
Ne 10 15225%2p°
Na 11 1525%2p°3s" ([NeJ3s')
Me 12 15°25°2p"3s ([Ne]3s”)

m Electrons occupy orbitals whose
energy level depends on the
nuclear charge and average
distance to the nucleus

m Electron configurations & orbital
diagrams indicate the
arrangement of electrons with the
lowest energy (most stable):

m Electrons occupy lowest
available energy levels

m A maximum of two electrons
may occupy an energy level
m Each must have opposite

spin (£'2)

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

Video

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



http://chemwiki.ucdavis.edu/Core/Inorganic_Chemistry/Electronic_Structure_of_Atoms_and_Molecules/Electronic_Configurations
https://youtu.be/2AFPfg0Como

Source

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

(a) (b) (c) (d)
4s 45 4s 3p
3p 2p 3p ds
35 35 35 35
2p 2p 2p 2p
25 25 25 25

15 1s 15 1s

15*2s*2p®3s°3p° 1s*2s*2p°3s'3p’ 1s*2s*2p%3s%3p° 1s*25°2p°3s%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.


http://chemwiki.ucdavis.edu/Core/Inorganic_Chemistry/Electronic_Structure_of_Atoms_and_Molecules/Electronic_Configurations
https://youtu.be/2AFPfg0Como

5) Which of the following electron configurations and orbital diagrams represents
Si, element #147?
(@) (b) (c) (d)

4s 45 4s 3p
3p 2p 3p ds
35 35 35 35
2p 2p 2p 2p
25 25 25 25
15 15 15 15

1s*2s*2p®3s°3p° 1s*2s*2p°3s'3p’ 1s*2s*2p%3s%3p° 1s*25°2p°3s%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.


http://chemwiki.ucdavis.edu/Core/Inorganic_Chemistry/Electronic_Structure_of_Atoms_and_Molecules/Electronic_Configurations
https://youtu.be/2AFPfg0Como

Source

Electronic Structure of the Atom:
15t Jonization Energy

Period Period Period Period Period

: & . : ; m 1stJonization Energy (IE) indicates
He the strength of the coulombic Video
Ne attraction of the outermost, easiest
to remove, electron to the nucleus:

L E T X(g) +1E — X*(g) + e

ol i o Azr/ co—f *}  m IstIE generally increases across
i M /‘/\[ [/J\/ : a period and decreases down a
N TR b group

0 18 36 54 i m [E generally increases as

Atomic number #protons increases ].n same
energy level

2500

2000

1000

lonization energy (kJ/mol)

m [E 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.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

6)

Source

Electronic Structure of the Atom:
15t Jonization Energy

2500
Which of the following groups of elements is arranged correctly in order of
—_— increasing first ionization energy?

A. Mg<C<N<F

B. N<Mg<C<F

C. Mg<N<C<F

D. F<C<Mg<N

lonization energy (kJ/mol)

Click reveals answer and explanation.

nucleus

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



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

6)

Electronic Structure of the Atom:

2500

2000

1500

1000

lonization energy (kJ/mol)

15t Jonization Energy

Which of the following groups of elements is arranged correctly in order of
increasing first ionization energy?

A. Mg<C<N<F

B. N<Mg<C<F

C. Mg<N<C<F

D. F<C<Mg<N

Answer: A. Within the 2™ period, increasing nuclear charge from C — N — F
increases the coulombic attraction of the electrons to the nucleus. Mg has a
lower IE than its 2™ period counterpart, Be, since its valence electrons are in a

higher energy level that is better shielded, so its 1% IE must also be lower than
that of C.

nucleus

Source

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



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

Source

Electronic Structure of the Atom:
Photoelectron Spectroscopy (PES)

Li m PES uses high-energy (X-ray)
152 photon to excite random e~ from  +v7igeo

Relative Number of Electrons

gl atom
m KE of ejected electron indicates
| //\ Yy A | binding energy (coulombic
1 attraction) to nucleus:
Ne | BE = h®poton — KE
84.0 4.68 208 m Direct measurement of energy
2p° and number of each electron
m Lower energy levels have
152 higher BE
These lines indicate a change of D2 m Signal size proportional to
scale along the horizontal axis. number o f o in energy level
A | \ A I A\ Elements with more protons have
84 82 // 4 2 stronger coulombic attraction,
higher BE at each energy level

6
Tonization Energy (MJ/mol)

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.


http://www.chem.qmul.ac.uk/surfaces/scc/scat5_3.htm
https://youtu.be/bKBdLRzCpNM

N

-

g

2

&

Energy
Which element could be represented by the complete PES spectrum above?
A. Li B.B C.N D.O E. Ne
Click reveals answer and explanation.

LO
dats

the energies of electrons within shells in atoms vary.

Source



http://www.chem.qmul.ac.uk/surfaces/scc/scat5_3.htm
https://youtu.be/bKBdLRzCpNM

N

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

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
data ]
the energies of electrons within shells in atoms vary.



http://www.chem.qmul.ac.uk/surfaces/scc/scat5_3.htm
https://youtu.be/bKBdLRzCpNM

Electronic Structure of the Atom:
Higher lonization Energies

2nd & subsequent IE’s

Tonization Energies (KJ/mol) increase as coulombic

Ist 2nd 3rd 4th 5th 6th Tth §th
H 1312
He 2372 5250
Li 520 7297 11810
Be 899 1757|  14845| 21000 n‘ferﬁon—
B 800 2426 3659|  25020| 32820 clectrons
C 1086 2352|4619  6221| 37820 47260
N 1402 2855 4576 MM 0442 53250 64340
0 1314 3388 5206| 7467 10987  13320]  71320f 84070
F 1680 3375 6045 8408  11020| 15160/ 17860 92010
Ne 2080 3963 6130| 9361 12180  15240f 20000 23070
Na 496 4563 6913 9541  13350|  16600| 20113 25666
Mg 737 1450 7731 10545 13627) 17995  21700| 25662

attraction of remaining e-
’s to nucleus increases

X*+IE — X% + e
X2t +]E — X3t e

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

Source

Video

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



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

Source

Electronic Structure of the Atom:
Higher lonization Energies

8)
Tonization Energies for element X (kJ mol )
H First | Second | Third | Fourth | Five
He 1086 | 2352 | 4619 | 6221 | 37820
Li The 10onization 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. ' B. Be C. B D. C E. P
C
N
0
P Click reveals answer and explanation.
Ne
Na
Mg

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



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

8)

Source

Electronic Structure of the Atom:
Higher Ionization Energies

Tonization Energies for element X (kJ mol )

First | Second | Third | Fourth | Five

He

1086 | 2352 | 4619 6221 | 37820
The 10onization energies for element X are listed in the table above. On the

basis of the data, element X is most likely to be

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

Answer: D. There is a large increase in IE from IE, to IEs, indicating that the

element has 4 valence electrons and is in group IVA. Carbon is the only listed

element in group IVA.

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



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

Source

Electronic Structure of the Atom:
15t Jonization Energy Irregularities

i ol . - m 1t Ionization Energy Energy (IE)
20 e decreases from Be to B and Mg to y/ideo
Ne A_]_
2000
g '/ m Electron in 2p or 3p shielded by
% 1500 (11— i 2s? or 3s? electrons, decreasing
:EH,.E)C' 5, i lombic attraction despi
2 ool il : ko) coulombic attraction despite
3 ( b M %5\ )5 ,,-—-ffj\f) additional proton in nucleus.
2 A = J .
RERR A SN S /| = Same effect seen in 3d!%-4p,
0 4d10-5p and 5d10-6p
10 18 36 54 86
Alilcmapies m 1stJonization 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.


http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

9)

Period
2
2500
He
N;
2000 — i -
E F4
2 1500 N j~_
g Y
2 H| (O]
] i
£ 1000 HBe Y
N )
500
Li
()

10

LO 1.8: The
analyze mea

| Phosphorus
p

Relative Number of Electrons

0.1MJ/mol

Relative Number of Electrons

10 - 1 O'1M| mol
Binding Energy
Given the photoelectron spectra above for phosphorus, P, and sulfur, S, which of the following
best explains why the 2p peak for S is further to the left than the 2p peak for P, but the 3p peak
for S is further to the right than the 3p peak for P?

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

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

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

D. 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.

Source



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

9)

2500 [

2000

1500

1000

lonization energy (kJ/mol)

500

LO 1.8: The
analyze mea

10

Phosphorus
p

Relative Number of Electrons

0.1MJ/mol

Relative Number of Electrons

10 0.1 MJ)/mol

Binding Energy

Given the photoelectron spectra above for phosphorus, P, and sulfur, S, which of the following
best explains why the 2p peak for S is further to the left than the 2p peak for P, but the 3p peak
for 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.

Answer: A. S has one more proton than P, so a higher effective nuclear charge. However, due to on
the 3p* configuration of S, it experiences ¢ -¢” repulsion due to the paired 3p electrons that are

not present in the 3p> configuration of P. This reduces the coulombic attraction of the 3p

electrons of S to the nucleus, so it has a lower BE.



http://chemwiki.ucdavis.edu/Core/Physical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy
https://youtu.be/5CBs36jtZxY

Sources

Predictions with Periodic Trends

Atomic radius decreases
lonization energy increases
0B B Electronegativity increases
Lo n
LT ©
oo 2
b 8 8 He
£88 Summary of T I
>
= e P . d- T d BJlc | n] o] F | ne
g 3 12 er.o 'C ren s 13 14 15 16 17 18 Video
£ g Mg Al |l si P s || o || A A\~
‘é’ c 20 [[21 ][22 ][ 23 ][ 2s |[ 25 |[ 26 |[ 27 || 28 |[ 29 |[ 30 |[ 31 [ 32 |[ 33 |[ 3¢ | 35 | 35
o= e e S| Se 1L B ]| Kr Coulomb’s Law — Gives the electric force
=2© 38 |[ 39 |[ a0 |[ a1 | 22 | 43 [ aa |[ 45 |[ 26 |[ a7 |[ 23 |[ 22 |[ 50 |[ 51 |[ 52 |[ 53 |[ 5= ;
<lé‘ Sr Y Zr Nb || Mo | Tc i{| Ru Rh Pd Ag Cd In Sn Sb Te I Xe between two pount Charges'
k=) s6 | ~ [72|[73|[7a|[7s|[76 |[77 ][ 78 |[ 79 |[ 30 |[ 81 |[ 82 |[ &3 | &4 & &5 § &5 q.9
Ba He || Ta | w J{Re flos || « [ Pt flau || Hg |l m |l Pb || Bi [iPo i At i Ra i F =222 lnvessisguer
i g8 !S=1 104 [ 105 | 106 | 107 | 108 || 109 | 110 | 111 [ 192§ 113 | 114 || 115 | 116 118 }’2 Law
i Ra: Rf || Db I Sg i Bh il Hs ii Mt {| Ds il Rg il Uub i Uut i Uuq il Uup il Uuh | Uus | Uuo
120 k = Coulomb’s Constant = 9.0x10? Nm?/C?
o q, = charge on mass 1
 Lanthanidgesh 57 [[ 38 [[ 52 [[ 50 | 61 62 |[ 63 |[ 62 |[ 65 |[ 65 |[ &7 " 68 |[ 69 |[ 70 |[ 72 q, = charge on mass 2
Lyl Ce [IHRr ) o f-Eviy cliswis LBl Gd || To R 0y lI2Ho SREES | Tt 1oV i) ks r = the distance between the two charges
- Actinides. 89 i 90 |81 i[Fe2 ]:"83 [ "e4 |95 ]I "e6 {['a7 |["e8 || 99 |['400 | 101 || 102 || 103 i c
iAciTh fiPai U E.."{E‘..; Py || Am || cm | Bk Cf i Es i Fm i Md || No || Lr The electric force is much stronger than the

gravitational force.

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

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

m The more protons in a nucleus (effective nuclear force), the more strong jis attracts
electrons attracts

m 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
file:///C:/Users/Kristie 2015/Downloads/Review Power POint Project/Sources fo LO 1.9 Review slide

Question:
Given 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?

10)

First ionization Atomic

Lo Energy (kJ/mol) Radius (pm)

Sodium 495.8 180

Magnesium

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

©2014, Aaron Glimme, LearnAPChemistry.com

m The more protons in a nucleus (effective nuclear force), the more strong jis attracts
electrons attracts

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
file:///C:/Users/Kristie 2015/Downloads/Review Power POint Project/Sources fo LO 1.9 Review slide

Question:

Given 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?

10)

First ionization Atomic

Lo Energy (kJ/mol) Radius (pm)

Sodium 495.8 180

Magnesium

a. 737.7 kIl /mol. 150 pm

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

©2014, Aaron Glimme, LearnAPChemistry.com

m The more protons in a nucleus (effective nuclear force), the more strong jis attracts
electrons attracts

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
file:///C:/Users/Kristie 2015/Downloads/Review Power POint Project/Sources fo LO 1.9 Review slide

Source

Chemical Reactivity

m Using Trends

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

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

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

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

m Accounts for stronger bonds in molecules containing these
elements

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

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

m 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
https://gwapchem.wikispaces.com/22.1+Periodic+Trends+and+Chemical+Reactions
https://www.youtube.com/watch?v=HvVUtpdK7xw&nohtml5=False

11)

Chemical Reactivity

m Using Trend

m Nonmetals hz >
causes the fo
Of the elements below,
m Compounds reacts the most
= Usually gasqquickly with water.
m Elementsint A) sodium ea
larger numbé
m The first elen@§B) barium roup)
forms pi bon f, NOM-
metals) C) calcium
m Accounts fo
elements D) cesium
m Major facto med

from these & .
E) magnesium

m Elements in pe&

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

Source

Video

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
https://gwapchem.wikispaces.com/22.1+Periodic+Trends+and+Chemical+Reactions
https://www.youtube.com/watch?v=HvVUtpdK7xw&nohtml5=False

11)

Chemical Reactivity

m Using Trend

m Nonmetals hz >
causes the fo
Of the elements below,
m Compounds reacts the most
= Usually gasqquickly with water.
m Elementsint A) sodium ea
larger numbé
m The first elen@§B) barium roup)
forms pi bon f, NOM-
metals) C) calcium
m Accounts fo
elements Dj‘ cesium N
m Major facto - ' med

from these & .
E) magnesium

m Elements in pe&

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

Source

Video

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
https://gwapchem.wikispaces.com/22.1+Periodic+Trends+and+Chemical+Reactions
https://www.youtube.com/watch?v=HvVUtpdK7xw&nohtml5=False

Source

Chemical Properties within a
Group and across a Period

m Group l metals more

L 2 3 4 & & 7 & 9 WM 12 13 4 B 16017 18 .
fa7_51p9 reactive than group 2
<— Neutral HO ;
o TR metals Video
Li | Be B|C O| F - .
, m Reactivity increases as you go
Na | Mg Transition metals AllSi|P| S |G down a group
sl e e e R R m Metals on left form basic
Rb|Sr| Y |Zr|Nb|Mo|Tc |Ru|Rh |Pd|Ag|Cd|In|Sn|Sb|Te| I ]
Cs|Ba|La|Hf|Ta|wW/|Re|Os|ir | P [Au|Hg| 71 [P0 8i | Po| A oxides
L — - - I ) t | EX. Nazo + Hzo — 2
* Lower oxidation state oxides — basic
* Higher oxidation state oxides — amphoteric or acidic (buN o;zidss NaOH
t e
;gpgggg’ m Nonmetals on right form form
. . M h 1 . . .
[] 8asic oxide oxﬁ,‘;',’{;’:&fjfﬁf, acidic oxides
DAmphoteric oxide oxidation state) s Fx.SO. + H.O — H.SO
. 3 2 2 4
[l Aciac cide m Elements in the middle, like Al
@ Neutral oxides also occur Ga, etc can behave
Figure 7.5 e , : amphoterically its
The periodic table shows that metallic oxides are mostly basic and that non-merallic X .
oxides are mostly acidic. The elements with amphoteric oxides lie between thi attracts m If S]'OZ can be a ceramic then

two groupings.

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


https://www.studyblue.com/notes/note/n/acidic-and-basic-oxides-on-the-periodic-table/deck/5945794
ww.youtube.com/watch?v=JW024hpjjBQ

Source

hemical Properties within &

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

Click reveals answer and explanation.

= \J \J O V @ JOU U @ y J

\.J — Y = oLlV o ULCO ... UL U (JC U v O VD10V PJC

identify patterns & generate hypotheses related to molecular design of compounds


https://www.studyblue.com/notes/note/n/acidic-and-basic-oxides-on-the-periodic-table/deck/5945794
ww.youtube.com/watch?v=JW024hpjjBQ

hemical Properties within s

12) Question:

Which of the following proups from the periodic table would be the easiest to oxidize?
a. Halogens

b. Transition metals
c. 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 energy level of their lone valence electron.

\.J oLlV o ULO .'. UL U (JC U v O VD10V PJC =

\J \J O V \J JOU U @ y J

identify patterns & generate hypotheses related to molecular design of compounds



https://www.studyblue.com/notes/note/n/acidic-and-basic-oxides-on-the-periodic-table/deck/5945794
ww.youtube.com/watch?v=JW024hpjjBQ

Source

Classic Shell Model of Atom vs
Quantum Mechanical Model

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

B Oh I represented by a wave equation

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

probability)

m Each orbital can only hold 2 electrons

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

Evidence for this theory:
n= / NNV a Work of DeBroglie and Planck that
Ly alpha electron had wavelike characteristics

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

m 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


http://magician.ucsd.edu/Essentials_2/WebBook2ch3.html
https://www.youtube.com/watch?v=accyCUzasa0

==

Source

Shell Model is consistent with
Ionization Energy Data

2500 1 He The patterns shown by
the IE graph can be '
explained by Coulomb’s law Yideo
m As atomic number increases, would
expect the ionization energy to
constantly increase
m Graph shows that this is NOT
observed. WHY NOT?
1000 - R | m The data implies that a shell
becomes full at the end of each
period
ol m Therefore the next electron added
. K Rb Cs must be in a new shell farther away
R O S — from the nucleus.
I3 5 7 9 11 131517 19 31 33 35 37 49 51 53 55 81 83 85 m This is supported by the fact that the
Atomic Number ionization 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

Ne

2000

Ar
1500 Kr

Xe

Ionization Energy (kJ/mol)



http://cnx.org/contents/xq3piGJg@1.7:L6BY_xzt@5/Electron-Shell-Model-of-an-Ato
https://www.youtube.com/watch?v=2AFPfg0Como

Source

Shell Model is consistent with
Ionization Energy Data

13) 2500 1 He The patterns shown by

The data below show the first ten ionization energies, in kJ mol-!, for an element that is found in period 3 of the
periodic table.

1n1 znn 3r|:| 4tr| 5tr| ﬁtn ?ﬂl ath gtn 1ﬂth

738 1451 | 7733 | 10543 | 13630 | 18020 | 21711 | 25661 | 31653 | 35458

Identify the element. Which 10nization energies correspond to electrons

a) Na that would account for the peak in the photoelectron
b) Mg spectrum of the element that has the lowest energy
c) Si values?
d) S a) 1st and 2nd only

b) 1st, 2nd, 3rd and 4th only

c) 9th and 10th only

d) More information is required

Atomic Number ionization 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



http://cnx.org/contents/xq3piGJg@1.7:L6BY_xzt@5/Electron-Shell-Model-of-an-Ato
https://www.youtube.com/watch?v=2AFPfg0Como

Source

Shell Model is consistent with
Ionization Energy Data

13) 2500 1 He The patterns shown by

The data below show the first ten ionization energies, in kJ mol-!, for an element that is found in period 3 of the
periodic table.

1n1 znn 3r|:| 4tr| 5tr| ﬁtn ?ﬂl ath gtn 1ﬂth

738 1451 | 7733 | 10543 | 13630 | 18020 | 21711 | 25661 | 31653 | 35458

Identify the element. Which 10nization energies correspond to electrons
a) Na that would account for the peak in the photoelectron

b) Mg spectrum of the element that has the lowest energy
\

a) Ist and 2nd only

b) Tst, Znd, 3rd and 4th only

c) 9th and 10th only

d) More information is required

Atomic Number ionization 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



http://cnx.org/contents/xq3piGJg@1.7:L6BY_xzt@5/Electron-Shell-Model-of-an-Ato
https://www.youtube.com/watch?v=2AFPfg0Como

Source

Mass Spectrometry - evidence for isotopes

Bromine
MASS SPECTRUM Mass spectrometry showed
1007 that elements have isotopes Video
] m This contradicted Dalton’s
807 early model of the atom
> j which stated that all atoms of
2 60 an element are identical
2 - m 3 Br, & two Br isotopes
% 40- shown in diagram
o ] m The average atomic mass of
20- the element can be
I estimated from mass
) | ‘ spectroscopy
00—t 771 7 T
60 80 100 120 140 160 180
m/z 3 (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

Mass

14)

Question:
Mass Spectrum of Sample

o

9.

b

O 40 -
c

o

=

=

-

0

° 2
m ]
= 0
=

L1k

o

0 - | | | | T || ||

90 91 92 93 94 95 96
Mass Number{amu)

Both Zr and Nb have similar average atomic masses. Above is the mass spectrum of
sample that was believed to have both Zr and Nb. Which of the following statements
would be the best explanation for deciding that the sample contained only Zr?

Rel. Intensit

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

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

L] +
[
[T1IT]E E O T L1ET]]

C2(



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

Mas

Jou
-

e Abundance(%o)

Answer:
The correct answer is “d” Nb has only one stable isotope with a mass of 93 amu. While
all of the statements are true only answer d would indicate that Nb is missing from the
sample. If Nb's stable isotope has a mass of 93 amu we would expect some peak at that
mass in the mass spectrum. Since there were no atoms measured with that mass, we can
conclude that there is no Nb in the sample.

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

Source

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
° [ A ,//T ¥ 3 O
Uv or x Ray Radlatlon symmetnc stretch asymmetrlc stretch bend

m Photoelectron Spectroscopy(PES)

m Causes electron transitions OAO
m Transitions provides info on *
electron configurations

I|Drat|r:rr15

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


http://www1.lsbu.ac.uk/water/water_vibrational_spectrum.html
https://www.youtube.com/watch?v=xITzGUjongU
https://www.youtube.com/watch?v=jVc-Kc5KMu4

Source

Using Spectroscopy to measure
properties assoclated with vibrational
15) or el

Which one of the following contains a
transition paired correctly with an area of
high absorption in the electromagnetic
spectrum?

a. Electronic transition, microwaves

b. Electronic transition, infrared

radiation

c. Molecular rotation, infrared radiation

d. Molecular vibration, infrared
radiation

IR Video
UV Video

IR Radiat

vibrations

ular

UV or X-Rea

m Photoelect
m Causes ele

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


http://www1.lsbu.ac.uk/water/water_vibrational_spectrum.html
https://www.youtube.com/watch?v=xITzGUjongU
https://www.youtube.com/watch?v=jVc-Kc5KMu4

Source

Using Spectroscopy to measure
properties assoclated with vibrational
15) or el

Which one of the following contains a

transition paired correctly with an area of IR Video
. high absorption in the electromagnetic UV Video
IR Radiat spectrum? ular
vibrations

a. Electronic transition, microwaves
b. Electronic transition, infrared

UV or X-Rea

m Photoelect
m Causes ele

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


http://www1.lsbu.ac.uk/water/water_vibrational_spectrum.html
https://www.youtube.com/watch?v=xITzGUjongU
https://www.youtube.com/watch?v=jVc-Kc5KMu4

Source 1, 2

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

Sample

f -—"' /"

Video

Monocromator

Light source Detector

Beer's Law
Standard 1

g

I T I,
A = abc
A = absorbance

v a = molar absorptivity (constant for
material being tested)

Standard 2

>

- Standard 3

| Standard 4

Absorbance

E;“Sﬁ::;ﬂﬁ" b = path length (cuvette = 1 cm)
. | | I'! Cc = concentration
cn;-.cgnfratin;-' (mol/L) m Taken at fixed wavelength

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


http://www.globisens.net/sites/default/files/docs/sample-activities/PDF versions/lambertbeerlaw.pdf
https://www.youtube.com/watch?v=0-lKTiQT0WE

rcel,2

0.6

0.4

Absorbance

Video

0.2

0
0 014 0.28 042 056 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?

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

Absorbance

©2011, Aaron Glimme, LearnAPChemistry.com

LO1.16: Click reveals answer and explanation.

absorpt - Jsolution



http://www.globisens.net/sites/default/files/docs/sample-activities/PDF versions/lambertbeerlaw.pdf
https://www.youtube.com/watch?v=0-lKTiQT0WE

rcel, 2

B Question:

0.6

0.4

Absorbance

Video

0.2

0
0 014 0.28 042 056 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?

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

Absorbance

©2011, Aaron Glimme, LearnAPChemistry.com

Answer:
The correct answer is “b” 0.28. Based on the Beer-Lambert law, for small concentration

ranges there is a linear relationship between absorbance and concentration. For an
absorpt absorbance of 0.4 the corresponding concentration is 0.28, solution



http://www.globisens.net/sites/default/files/docs/sample-activities/PDF versions/lambertbeerlaw.pdf
https://www.youtube.com/watch?v=0-lKTiQT0WE

Source

Law of Conservation of Mass

B.m@ . P
.:
Lo O T & &

N2 + 3H2 — 2NH3

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


http://www.softschools.com/notes/ap_chemistry/conservation_of_matter_and_gravimetric_analysis/
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/stoichiometry-ideal/v/stoichiometry

Source

Law of C

17
) The picture above is a representation of H2(g) and O2(g) in a sealed container. Which of
the following pictures would be the best representation of the products if the reaction .
below were to run to completion? Video
2Hj(g) + Oy — 2ZH:Oyy

o

[y
%
Y

©2011, Aaron Glimme, LearnAPChemistry.com

LO1.17:
symbolig



http://www.softschools.com/notes/ap_chemistry/conservation_of_matter_and_gravimetric_analysis/
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/stoichiometry-ideal/v/stoichiometry

Law of C

17)

LO1.17:
symbolig

Source

The picture above is a representation of H2(g) and O2(g) in a sealed container. Which of

the following pictures would be the best representation of the products if the reaction .

below were to run to completion? Video
2Hj(g) + Oy — 2ZH:Oyy

o
Pe
%
e

° &

©2011, Aaron Glimme, LearnAPChemistry.com

Answer:

The correct answer is “d”. In the balanced chemical equation we need 2 hydrogen atoms e].Y using
for each oxygen atom to form water. We will use up all the hydrogen molecules and

have one oxygen molecule left over.



http://www.softschools.com/notes/ap_chemistry/conservation_of_matter_and_gravimetric_analysis/
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/stoichiometry-ideal/v/stoichiometry

Source

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

Chemical Reactions

Using Mole Ratios Video

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 oty ™ ol Gl | ™% [males €0, |

molar mass C;Hg

I mole C,H, :
C: 12.01 g/mol * 3 = 36.03 g/mol 3.52¢C,Hy x— Y% =0.0798 mol C;H,
H: 1.01g/mol * 8 = 8.08 g/mol )
mole ratio: I mole C,H,
3moles CO,
3mol CO,

0.0798 mol-€H, x .239 mol CO,

1 mple-€ H,

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


http://www.slideshare.net/brockbanks12/ch-5-lecture
https://www.youtube.com/watch?v=S6UQX7ZdkTg

Source

Gravimetric Analysis

Buchner Filtration
Apparatus

How much lead Yideo
(Pb?*) in watex?
—» to vacuum Pb2+(aq) + ZCI-(aq) —> PbClz (S)

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

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

m Mass of PbCl,is then determined

crucible

vacuum

tra
—R m 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.


http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Analytical_Chemistry_2.0/08:_Gravimetric_Methods/8B:_Precipitation_Gravimetry
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/limiting-reagent-stoichiometry/a/gravimetric-analysis-and-precipitation-gravimetry

cru

Mass of KI tablet 0425 g

Mass of thoroughly dried filter paper 1462 g

Mass of filter paper + precipitate after first drying 1.775 g

Mass of filter paper + precipitate after second drying 1.699 g

Mass of filter paper + precipitate after third drving 1.698 g

1. A student i1s given the task of determining the I~ content of tablets that contain KI and an inert, water-soluble

sugar as a filler. A tablet is dissolved in 50.0 mL of distilled water, and an excess of 0.20 M Pb(NO,),(ag) is

added to the solution. A yellow precipitate forms, which 1s then filtered, washed, and dried. The data from the
experiment are shown in the table above.

(a) For the chemical reaction that occurs when the precipitate forms,
(1) write a balanced, net-ionic equation for the reaction, and

(i1) explain why the reaction is best represented by a net-lonic equation.

(b) Explain the purpose of drying and weighing the filter paper with the precipitate three times.

(c) In the filtrate solution, 1s [K™] greater than, less than, or equal to [NO,7] 7 Justify your answer.

(d) Calculate the number of moles of precipitate that is produced in the experiment.
(e) Calculate the mass percent of I in the tablet.

(f) In another trial, the student dissolves a tablet in 55.0 mL of water instead of 50.0 mL of water. Predict
whether the experimentally determined mass percent of I~ will be greater than, less than, or equal to the
amount calculated in part (e). Justify your answer.

analysis to determine the the concentration of an analyte in a solution.



http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Analytical_Chemistry_2.0/08:_Gravimetric_Methods/8B:_Precipitation_Gravimetry
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/limiting-reagent-stoichiometry/a/gravimetric-analysis-and-precipitation-gravimetry

(a) For the chemical reaction that occurs when the precipitate forms,

(1) write a balanced, net-ionic equation for the reaction, and

Pb*" + 21 — Pbl,

1 point is earned for a balanced net-ionic equation.

(ii) explain why the reaction is best represented by a net-ionic equation.

The net-ionic equation shows the formation of the
Pbl,(s) from Pb**(ag) and I7(ag) ions, omitting the
non-reacting species (spectator ions), K'(ag) and
NO,™(ag).

1 point is eamed for a valid explanation.

(b) Explain the purpose of drying and weighing the filter paper with the precipitate three times.

The filter paper and precipitate must be dried several
times (to a constant mass) to ensure that all the water
has been driven off.

1 point is earned for a valid explanation.

(c) In the filtrate solution, is [K"] greater than, less than, or equal to [NO,™] 7 Justify your answer.

the 0.20 M Pb(NO,),(ag), was added in excess.

[K'] is less than [NO;~] because the source of the NOy~, 1 point is earned for a correct

comparison with a valid explanation.

analysis to determine the the concentration of an analyte in a solution.



http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Analytical_Chemistry_2.0/08:_Gravimetric_Methods/8B:_Precipitation_Gravimetry
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/limiting-reagent-stoichiometry/a/gravimetric-analysis-and-precipitation-gravimetry

Gra

18)

(d) Calculate the number of moles of precipitate that is produced in the experiment.

1.698 g - 1.462 g = 0.236 g Pbl,(s)

1 mol Pbl,
461.0 g Pbl,

0.236 g Pbl, x = 5.12 x 10" mol Pbl,

1 point is earned for the correct
number of moles of Pbl,(s) precipitate.

(e} Calculate the mass percent of I~ in the tablet.

2mol I
1 mol Pbl,

_12691g1

lmoll

=102 x 10" mol I

5.12 % 10 " mol Pbl, x

1.02 % 10" mol I = 0.130 g1 mn one tablet

0.130 gl
0.425 g K1 tablet

= 0.306 = 30.6% I per KI tablet

1 point is earned for determining the
number of moles of [~ in one tablet.

1 point is earned for calculating the mass
percent of [” in the KI tablet,

(f) In another trial, the student dissolves a tablet in 55.0 mL of water instead of 50.0 mL of water. Predict
whether the experimentally determined mass percent of I~ will be greater than, less than, or equal to the

amount calculated in part (). Justify your answer.

The mass percent of I~ will be the same. Pb*"(aq) was
added in excess, ensuring that essentially no I~ remained
in solution. The additional water is removed by filtration
and drying, leaving the same mass of dried precipitate.

1 point is earned for correct
comparison with a valid justification.



http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Analytical_Chemistry_2.0/08:_Gravimetric_Methods/8B:_Precipitation_Gravimetry
https://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiome/limiting-reagent-stoichiometry/a/gravimetric-analysis-and-precipitation-gravimetry

Source

Using titrations to determine
concentration of an analyte

buret s =
- 14 " Video
- 13 113 -
12 12
base of known 1t 1
concentration
10 T 1 T {10
9t Thymol Blue 9
e StOPCOCK 8 8
pH : ! pH
7T Equivalence point 7
b Methyl Red 1
51 . : 4 5
4 4
3r 413
acid of unknown 2 2
concentration
1 11
0 0

) _ 0 10 20 30 40 50 60
. At_ the equwalence I?Ol_nt’ 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.


https://groups.chem.ubc.ca/courseware/pH/section15/index.html
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html

The graph below is of the titration of a weak base with hydrochloric acid. Based on the ource
U graph which point would represent the pH of the solution at the equivalence point?
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Click reveals answer and explanation.


https://groups.chem.ubc.ca/courseware/pH/section15/index.html
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html

The graph below is of the titration of a weak base with hydrochloric acid. Based on the ource
U graph which point would represent the pH of the solution at the equivalence point?
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Answer:

The correct answer is “d” D. The equivalence point of a titration is when the moles of
acid are equal to the moles of base. On a titration curve it is the middle of the vertical
section. For the titration of a week base the pH at the equivalence point will be less than
7 s0 point D is the correct answer.


https://groups.chem.ubc.ca/courseware/pH/section15/index.html
http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html

