Name: Date:

AP Chemistry Summer Assignment: CB Unit 1

The College Board revised the AP Chemistry
curriculum in late 2019 and arranged the course into
nine themed units. I have readjusted my traditional
AP Chem Summer Assignment to fully cover Unit 1 of
this newly revised curriculum. The eight topics in
Unit 1 should be a review of material that we covered
in Honors Chemistry. The material does go into more
depth and your knowledge of these content areas will
increase.

The AP Chemistry Summer Assignment will consist of some work in this packet, 2 POGIL packets,
Mastering Chemistry, and College Board APChem Progress Checks.

Google Classroom Join Code

Due Date for AP Chem Summer Assignment: All assignments will be posted in Google Classroom.
The AP Chemistry Summer Assignment must be submitted in paper format by the first day of class
(tentatively September , 2026). There will be a full exam on this material on the 2™ class day.
We will have 1 hour of review before the exam.

Work Due 09/____/2026:

1. This completed packet (100pt homework grade)

2. The 2 POGIL packets on mass spectrometry and PES spectroscopy (1 electronic .pdf) (100pt
homework grade)

3. College Board APChem Progress Checks and daily videos for Unit 1 and 4 (formative grade)

How To Contact Mrs. Voicu: Email is the best way to contact me. Over the summer I do not check
my email as regularly as during the school year. If | am unavailable due to my vacation, I will change
my email notice to reflect this.

How to Succeed in AP Chemistry: It sounds cliché, but your progress and success in this course
will reflect the amount of effort that you put into the course. AP Chemistry has a very large syllabus
and requires you to have advanced skills in applied problem solving. The course will continually
cover new material and it is your responsibility to ensure that you understand and practice what we
cover in class. For the majority of students this means considerable practice beyond assigned
classwork. You should be committed to understanding the material in multiple contexts. This is a
college level course! Expect to put in at least 2 hours of homework/reading time per class.
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AP® CHEMISTRY EQUATIONS AND CONSTANTS

Throughout the exam the following symbols have the definitions specified unless otherwise noted.

L, mL = liter(s), milliliter(s) mm Hg = millimeters of mercury
g = gram(s) J,kJ = joule(s), kilojoule(s)
nm = nanometer(s) A% = volt(s)
atm = atmosphere(s) mol = mole(s)
ATOMIC STRUCTURE
E = energy
E=hv v = frequency
c=Aav A = wavelength
Planck’s constant, & = 6.626 x 10734 J s
Speed of light, ¢ = 2.998 x 108 ms™!
Avogadro’s number = 6.022 x 10%* mol™!
Electron charge, e = —1.602 x 107! coulomb
EQUILIBRIUM
k = [CEDY e aA+bB & cC+dD Equilibrium Constant
= [ATB]_I”W ere a A + 2 c uilibrium Constants
. d K. (molar concentrations)
K = o) ) K, (gas pressures)
PP (B / -
A B K, (weak acid)
K = [H'][AT] K, (weak base)
1
§ [HA] K, (water)
[OH™ |[HB"]
K =————
b [B]
K, = [H*][OH] = 1.0 x 107'* at 25°C
= K,xK,
pH = —log[H*], pOH = —log[OH]
14 = pH + pOH
_ [A7]
pH = pK,, + log [HA]
pK,=-logK,, pK, =—-logk,
KINETICS

In[A], — In[A], = —kt

- = kt

k = rate constant
t =time
11, = half-life



GASES, LIQUIDS, AND SOLUTIONS

PV = nRT

moles A

P, = P, .1 xX,, where X, = ————
A total A AT total moles

Py=Pat+Pg+Pct...
o= o
M
K =°C+273
=
2=y
KE per molecule = %mv2

Molarity, M = moles of solute per liter of solution

A =abc

= pressure
V = volume
T = temperature
n = number of moles
m = mass
= molar mass
= density

= velocity
= absorbance
= molar absorptivity

M

D

KE = Kkinetic energy
v

A
a
b = path length
C

* = concentration

Gas constant, R = 8.314 J mol™'K™!
= 0.08206 L atm mol™' K™
= 62.36 L torr mol~! K~!
760 mm Hg = 760 torr
STP = 273.15 K and 1.0 atm
Ideal gas at STP = 22.4 L mol™!

1 atm =

THERMODYNAMICS/ELECTROCHEMISTRY

g = mcAT
AS°® = zSa products — ZSO reactants

AH® = ZAH,? products — ZAHJ," reactants

AG° = ZAG; products — ZAGJ? reactants
AG°®° = AH® — TAS®
= —RTInK
= —nFE°
1 =14

t

q = heat
m = mass
¢ = specific heat capacity
= temperature
§° = standard entropy
H° = standard enthalpy
G° = standard Gibbs free energy
n = number of moles
E° = standard reduction potential
= current (amperes)
g = charge (coulombs)
t = time (seconds)

Faraday’s constant, F = 96,485 coulombs per mole
of electrons

1 joule
| coulomb

1 volt =




Common Polyatomic lons

acetate

ammonium
arsenate

arsenite

azide

benzoate

borate

bromate

carbonate

chlorate

chlorite

chromate

cyanide

dichromate
dihydrogen phosphate
dihydrogen phosphite
hydrogen carbonate
hydrogen phosphate
hydrogen phosphite
hydrogen sulfate
hydrogen sulfide
hydrogen sulfite
hydroxide
hypochlorite

iodate

manganate

nitrate

nitrite

oxalate

perchlorate
permanganate
peroxide

phosphate
phosphite

silicate

sulfate

sulfite

tartrate

thiocyanate
thiosulfate

C2H302"
NH,"
ASO43—
ASO33_

AsOf" arsenite

AsQ4°~  arsenate

BOs*~ borate

BrO3~ bromate

C;H30;~ acetate

C.042~  oxalate

C4H:Og”™ tartrate

C7Hs0O2;~ benzoate

ClO~ hypochlorite

ClOs™ chlorite

ClO5™ chlorate

ClO4 perchlorate

CN~ cyanide

COs%~  carbonate

Cr,0;*~ dichromate

CrOs>~  chromate

H,PO3;~ dihydrogen phosphite
H,PO4~ dihydrogen phosphate
HCO3™ hydrogen carbonate
HPO3%~ hydrogen phosphite
HPO,?>~ hydrogen phosphate
HS™ hydrogen sulfide
HSO3;™ hydrogen sulfite
HSO4™ hydrogen sulfate
105” iodate

MnO4~ permanganate
MnO.%~ manganate

N3~ azide

NHs" ammonium

NO2~ nitrite

NOj3~ nitrate

02" peroxide

OH~ hydroxide

POs*~  phosphite

PO~ phosphate

S,03%  thiosulfate

SCN~™ thiocyanate

SiOs*~  silicate

S04%~ sulfite

SO~  sulfate




Nomenclature: You are expected to know how to name ionic, molecular, and molecular acid

compounds

Common Polyatomic Ions You Need to Know

Name Formula Name Formula
Acetate C,H;0, or CH;CO, Superoxide 0,
Chlorate Cloy Carbonate CO,*
Bromate BrOy Cyanide CN
Iodate 105 Azide Ny
Sulfate S0, Phosphate PO,*
Permanganate MnO, Hydrogen Phosphate HPO,*
Chromate Cr0,* Dihydrogen Phosphate | H,PO,
Dichromate Cr,0,2 Hydroxide OH
Nitrate NOjy Ammonium NH,"
Peroxide 0,% Hydronium H,0*
For the other polyatomic ions that are variations on those above:

e Ifthere is one more oxygen atom, change the name to per-___-ate.

e Ifthere is one less oxygen atom, change the name to __-ite.

e Ifthere are two less oxygen atoms, change the name to hypo-______ -ite.

e Ifthereis a hydrogen ion as part of the polyatomic ion, it reduces the charge on the
polyatomic ion by 1.

Examples:
S0,% = sulfite

HSO, = hydrogen sulfate S0,* = hyposulfite

CO,;* = carbonate HCO; = hydrogen

carbonate HCO, = hydrogen

carbonite
Acids
e Acids always begin with an “H” atom. If the “H” atom is not first, it is not an acid!
e Acids that do not contain “O” atoms, are called “hydro-____-ic acid”.
e Acids that contain “0” atoms NEVER include the prefix “hydro”.
o Ifthe acid comes from the____ -ate anion, it becomes “___-ic acid”

o Ifthe acid comes from the -ite anion, it becomes “___-ous acid”



Problem 1: “A Closer Look: The Mass Spectrometer.” Understand that scientists can obtain the
atomic weight of a substance using a mass spectrometer (mass spec). The element chlorine has two
isotopes (**Cl and *'Cl in relative abundances of 75.78% and 24.22% (a 3:1 ratio)). When we analyze
a chlorine containing compound with a mass spec we can readily see the two different chlorine
isotopes.

Problem 2: Chloroethane (CICH,CH;) has a molecular mass of 64, when we use the data from the
periodic table to perform this calculation. However, when this compound it analyzed by mass spec
we see peaks at 64 and 66 in a ratio of 3:1. This is because chlorine has two isotopes and the mass
spec is precise enough to be able to detect the difference. The x-axis of the mass spectrum shows
m/e (or m/z) which is the charge to mass ratio while the y-axis shows relative abundance. The mass
spec ionizes the chloroethane to form both 3*CICH,CH;* and *’CICH,CH;" which can be analyzed by
the detector. As expected, chloroethane with a **Cl-isotope is in higher abundance than that with the
Cl-isotope.
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Figure 1. Mass spectrum of chloroethane

- ee the following Bozeman Science link which has a good explanation of what
ﬁ;' See the foll gB S link which h good expl fwh
!'l_l mass spec is and how it works: https://youtu.be/mBT73Pesiog

After you look at the video, what do you think the peaks at m/e 51 and 49 are in the chloroethane
mass spectrum (remember, compounds can fragment in the mass spec)?

m/e @49 = and m/e=51=



https://youtu.be/mBT73Pesiog

Problem 3: Identify the following as a physical property, physical change, chemical
property, or chemical change.

Property Change

Ethanol has a density of
0.697 g/mL.

The solution turns blue
upon mixing two clear
aqueous solutions.

Wood burns in an oven.

Methyl alcohol is highly
flammable.

Ice melts in a beaker.

Methyl ethanoate smells like
green apple.

A car crashes into a wall.

Problem 4: Complete the following table concerning an atom/ion and its subatomic particles:

Mass | Atomic # of # of # of Svmbol
# # Protons @ Neutrons @ Electrons y
41 19
35 32

10 13



Part llla: Subatomic Particles, Isotopes and lons

Element or Atomic Average Neutrons* (for most common
Abbreviation Atomic Mass | Protons* . . Electrons*
lon Number (2) (A) isotope unless otherwise noted)
Oxygen O 8 16.00
Bismuth Bi 209.0
F-
Carbon C 6 12.01
Carbon-14 14C 14.00 6
Pb-208
15 30.97 15
55.845 23
Potassium lon | k+ 39.10 18
(cation)
Sulfur lon g2 32 07
(anion)

*- Calculate the number of protons, neutrons, and electrons for the most prevalent isotope

Average Atomic Masses:

Silver has two isotopes, one with 60 neutrons and the other with 62
neutrons. Give the chemical notation for each of these isotopes and
calculate the relative abundance for each isotope given that the average

atomic mass for silver is 107.87 amu.

Potassium has three isotopes. The number of neutrons and the

natural abundance of these are: 20 neutron (93.23%); 21 neutrons
(0.012%); and 22 neutrons (6.73%). Give the chemical notation for
each of these isotopes and calculate the average atomic mass for

potassium.




PART llIB: ELECTRON CONFIGURATION & ORBITAL DIAGRAMS

In the space below, write the full electron configurations of the following elements:

I. Chlorine

2. Scandium

3. Bromine

In the space below, write the noble gas shorthand electron configurations of the following elements:

I. Chlorine

2. Scandium

3. Bromine

4. Barium

5. Cadmium

Determine what elements are denoted by the following electron configurations:

1 Is?2s%2p°3s3p°

2) |s?2s°2p°3s?3p°4s?3d'%4p°®5s*4d'

3) |s*2s*2p’

4) |s?2s%2p®3s23p®4s?3d'%4p®5s24d'°5p°6s4f' *5d°
5) |s?2s*2p®3s*3p®4s?3d'%4p’

Draw the complete orbital (arrow) diagrams for the flowing elements:

6) Phosphorus

7) Iron



Honors Chemistry Worksheet - Wavelength, frequency, &

energy of electromagnetic waves.
Show ALL equations, work, units, and significant figures in performing the following calculations.

C = )\ E=hv
C = 3.00 x 10 m/s h = 6.626 x 1073% Jes (or J/Hz)
J = Joule Hz = hertzor stor 1/s

1. What is the wavelength of a wave having a frequency of 3.76 x 10!* s'2 What is its energy?

2. What is the frequency of a 6.9 x 10°1° cm wave? What is its energy?

3. What is the frequency of a 7.43 x 10> mm wave? What is its energy?

4. What is the wavelength of a wave carrying 8.35 x 108 J of energy?



Part VI: Nomenclature of Binary Compounds

** Before you start naming compounds or writing formulas from names be sure to
review which elements are metals, transition metals & nonmetals and the charges they
take as well as common polyatomic ions with their charges (makes this much easier!)

Part 1: Determine if the compound is ionic or covalent to decide which set of naming
rules to apply:

A. lonic compound:

i. Compound contains a polyatomic ion

il Compound contains a metal and a nonmetal
B. Covalent compound:

i. Compound contains only nonmetal elements

Part 2: lonic Compound Nomenclature

A. Name the cation
i Univalent metal cations = same name as the element
a. Na* = sodium, Ba2* = barium, AI** = aluminium etc.
b. These are usually Group 1, 2 and 13 elements

il Multivalent metal cations = same name as element + charge denoted by

Roman Numeral in parenthesis

a. Fe?* =Iron (), Fe3* = Iron (lll)

b. Multivalent metal cation are usually in the transition metal block (Iron,
Copper, Nickel, Chromium etc.)

c. Silver is always 1+ (Ag*) so it has no Roman Numeral

d. Zincis always 2+ (Zn?*) so it has no Roman Numeral

e. An easy way to remember charges for Al, Zn and Ag is noting that they
form a diagonal step down starting with Al going down to the left (3+, 2+
and 1+)

f. Pb and Sn are two metals not in the transition block that can take either
the charge 2+ or 4+. As such, Pb and Sn always have a Roman Numeral
when being named in a compound.

iii. If the cation is a polyatomic ion — it takes the same name as the ion. l.e.
NH4* is ammonium.

B. Name the anion
I. Anion that is based on a nonmetal element:
a. Use the root of the elemental name
b. Change the suffix to -ide
c. CI = chloride, O% = oxide, P3 = phosphide, N3 = nitride etc.
il Anion that is a polyatomic ion:
a. Use the name of the polyatomic ion
b. S04 = sulfate, PO3% = phosphite, CrO4%> = chromate etc.

Sharon Karackattu



C. Examples:
MgCl2 = magnesium chlorid
FeCls = iron (lll) chloride
NH4Cl = ammonium chloride
Sn3(POa4)2 = Tin (lI) phosphate
(NH4)2S0O4 = ammonium sulfate

Part 3: Covalent Compound Nomenclature

A. Name the first element — use Greek Prefixes (except mono)
i. Select the appropriate Greek prefix using subscript of the element
Mono = one
Di = two
Tri = three
Tetra = four
Penta = five
Hexa = six
Hepta = seven
Octa = eight
Nona = nine
Deca =ten
ii. Name the first element using the prefix and the element name:
a. Do not use the prefix mono- for the first element. If there is only one
atom of the first element in the compound “mono” is implied
B. Name the second element
i. Select the appropriate Greek prefix using the subscript of the element
il Use the root of the element name for the second element
iii. Convert the suffix of the elemental name to -ide.

TS0 a0 T

C. Examples:
H20 = dihydrogen monoxide (the o from mono- gets dropped in monoxide)
COz2 = carbon dioxide
CO = carbon monoxide
PCls = phosphorus pentachloride
S203 = disulfur trioxide

Sharon Karackattu



Names to Formulas of

Metals or Polyatomic lons Involved?

Chemical Compounds

Yes

lonic Example — iron (lll) sulfate

1. Use the name to determine the two ions in the compound = Fe and SO,*

No

Covalent

/

2. Write the cation first (remember Roman Numeral = charge on metal cation).
Then write the anion. Include charges (for now) = Fe3*SO,*

3. Balance the charges on the two ions to obtain a neutral formula unit. The easy
way is to “criss-cross” so that the charge on the cation becomes the subscript of
the anion. The charge of the anion becomes the subscript on the cation. Use the

lowest whole number ratio of subscripts! = Fegd?S@;r%_B,

4. If the subscript of a polyatomic ion is greater than 1, put the whole polyatomic
ion symbol in parentheses and the subscript outside the parenthesis. 2>

5. Erase any ion charges in the formula = Fe,(SO,),

Examples: Cation + Monoatomic Anion

sodium fluoride = NaF , calcium bromide = CaBr,,

ammonium chloride = AICI;, iron (1) oxide = FeO, iron (lll) oxide = Fe,O,
Examples: Cation + Polyatomic Anion

Copper (ii) phosphate = Cu,(PO,), , ammonium carbonate = (NH,),CO,

1. 1%t Greek prefix denotes
subscript of first element
2. Write element symbol and

subscript

3. 2"d Greek prefix denotes
subscript of second element
4. Write symbol and subscript
for second element

Examples:

carbon monoxide = CO
dinitrogen tetraoxide = N,O,
sulfur hexafluoride = SF,
dihydrogen monoxide = H,0O
dihydrogen dioxide = H,0,
carbon tetrahydride = CH,




Naming Binary
Chemical Compounds

lonic

Monovalent Cation
1. Name cation by
element name

Ex. Na* = Sodium,
Ca%*= Calcium,

Ag* = Silver

Multivalent Cation

1. Name cation by element
name

- Use Roman Numeral in
parentheses to denote
charge

Ex. Fe* = Iron (ll),
Fe3*=Iron (IIl)

Monoatomic Anion
2. Name anion by
element root.

3. Change suffix to -ide

Polyatomic Cation
1. Name cation by
name of polyatomic
cation

Ex. Ammonium

Polyatomic Anion
2. Name anion by
polyatomic anion
name

Examples: Cation + Monoatomic Anion
sodium fluoride, calcium bromide, ammonium chloride, iron (I) oxide
Examples: Cation + Polyatomic Anion
sodium phosphate, ammonium carbonate, copper (Il) sulfate

Metals or Polyatomic lons Involved?

Covalent

1. 15t Greek prefix (don’t
use mono)
2. Name first element

v

3. 2"d Greek prefix
4. Root of 2" element
5. Change suffix to —ide

Examples:

carbon monoxide
dinitrogen tetraoxide
phosphorus pentachloride
sulfur hexafluoride
dihydrogen monoxide
dihydrogen dioxide




Part VI: Problems - More Naming Practice!

vanadium (V) phosphate

sodium permanganate

MnF2

Ni(SOs)q

phosphorus triiodide

H3POa4

HI

Pb3aN4

Sn(OH)2

SiCls

HCIO2

Sodium sulfate

Hydrosulfuric acid

Nitrogen trifluoride

Calcium phosphide

B2Si

PCls

Percloric acid

Manganese (IV) carbonate

Acid, lonic or Covalent?

CsH1o

Carbon disulfide

Iron (l11) nitrate

Copper (IlI) phosphite

Sulfur hexachloride




Mixed Mole Conversion Examples: Given unit > Moles — Desired unit

7. How many oxygen molecules are in 3.36 L of oxygen gas at STP?

3.36 L[l molej [6.02x1023 molecules

= 9.03 x 1022 molecules
24 L

1 mole

8. Find the mass in grams of 2.00 x 1023 molecules of Fo

Molarmass 2F =2x19 g =38 g/mol

2.00 x 102 molecules Lmole BE 121269
6.02x10" particles )\ 1 mole

kkkkkkkkkkkhkhkkkkkkkkkkkkhkhkkkkhkhkkkkkhkkkkkkkkkkkkhkhkkkhkkkkkkkkhkhkkkkkhkkkkhkhkhkhkhkkkkkkhkkkkkkkkikkk

Problems I: Mole Conversions Practice — Show Work

1. How many moles are 1.20 x 1023 atoms of phosphorous?

2. How many molecules are in 4.50 grams of NoOg?

3. What is the volume of 42.8 grams of water vapor at STP?

4. Aspartame is an artificial sweetener that is 160 times sweeter than sucrose (table sugar)
when dissolved in water. It is marketed by G.D. Searle as Nutra Sweet. The molecular formula
of aspartame is C14H1gN20Os5 .

a) Calculate the gram molar mass of aspartame.

b) How many moles of molecules are in 10 g of aspartame?
c) How many molecules are in 5 mg of aspartame?

d) How many atoms of nitrogen are in 1.2 grams of aspartame?



Chemical Reactions Review Sheet

Types of Chemical Reactions:

Combination or Synthesis A+B > AB
Decomposition AB->A+B
Single Replacement A +BC->B+AC
Double Replacement AB +CD > AD +CB
Can be a) acid-base if the reactants are acid & base and products are salt & water.

b) can be precipitation if a solid product forms
Hydrocarbon Combustion CxHyOz: +02 - CO2 +H20

Oxidation-Reduction - Involve a transfer of electrons. Occurs during combustion, single
replacement and can occur during synthesis and decomposition.

Problems:

1. Areaction occurs when aqueous lead (ll) nitrate is mixed with an aqueous solution of
potassium hydroxide. Write an overall, balanced equation for the reaction, including state
designations.

2. For the following three reactions, label the type, predict the products (make sure formulas are
correct), and balance the equation.

a. CsHs (g) + 02 (9) 2

b. Ba(NOs)2(aq) + NasPO4(aq) 2>

C. Al(s) + O2(g) »

d. HBr(aq) + _ KOH(aq) =>

e. Ca(NOs)2 (aq) + Naz2804 (aq) >

3. In the following equations, label the oxidized element and the reduced element.

a. 2Na(s) + Cl2(g) —=> 2NaCl(s)

b. 2NaBr(aq) + Cl2(g) > 2NaCl(s) + Brz(l)



Table 11.2
Activity Series of Metals

Name Symbol
Lithium Li
Potassium K
Calcium Ca
o | | Sodium Na
;_5: Magnesium Mg
8 Aluminum Al
(ED Zinc Zn
g Iron Fe
;6 Lead Pb
v | (Hydrogen] (H)*
Copper Cu
Mercury Hg
Silver Ag

*Metals from Li to Na will replace H from acids and water;
from Mg to Pb they will replace H from acids only.

Table 11.3

Solubility Rules for lonic Compounds

Compounds Solubility | Exceptions
Salts of alkali metals and Soluble | Some lithium compounds
ammonia

Nitrate salts and chlorate salts | Soluble | Few exceptions

Sulfate salts Soluble | Compounds of Pb, Ag, Hg,
Ba, Sr, and Ca

Chloride salts Soluble | Compounds of Ag and some
compounds of Hg and Pb

Carbonates, phosphates, Most are | Compounds of the alkali

chromates, sulfides, and insoluble | metals and of ammonia

hydroxides




Reaction Review

1. What are 4 signs that a reaction is taking place? Think back to the lab:

2. What is does it mean when a substance is reduced? When it is oxidized? How is a single
replacement reaction an oxidation-reduction reaction?

3. What are the 5 main types of chemical reactions? What type of reaction is an acid-base
neutralization?

4. What does (s), (9), (1) and (ag) mean when placed near a chemical formula in an equation?

A) WRITE THE FORMULA FOR EACH MATERIAL CORRECTLY.

B) BALANCE THE EQUATION. SOME REACTIONS REQUIRE COMPLETION.
C) FOR EACH REACTION TELL WHAT TYPE OF REACTION IT IS.

D) For double and single replacement reactions - write the net ionic equations.

1. lead IT nitrate and sodium iodide react to make lead iodide and sodium nitrate.

2. calcium carbonate decomposes when you heat it to leave calcium oxide and carbon dioxide.

3. ammonia gas when it is pressurized into water will make ammonium hydroxide.

4. aluminum hydroxide and sulfuric acid neutralize to make water and aluminum sulfate.

5. tetracarbon octahydride is burned in oxygen

6. sulfuric acid reacts with zinc



Steps to Find Empirical & Molecular Formulas

Remember this:
“Percent to mass, Mass to mole,

Divide by small, Make it whole”
Determine the mass in grams of each element present in the sample. “Percent to mass”

If the information in the problem is in terms of percent composition of each element =
a) assume you have 100 g of the sample to start with

b) The grams of each element (out of the 100 g sample) will just be the numerical
value of its percent composition.

EXAMPLE: You have a sample that is 40.0% carbon, 6.73% hydrogen and the rest
oxygen. Find the empirical and molecular formulas.

Step 1: 40.0% + 6.73% = 46.73%. The percentage of oxygen is 100%-46.73% = 53.27%
If I have 100 g of sample to start with, I have:

40.0 grams Carbon, 6.73 grams Hydrogen and 53.27 grams Oxygen

Calculate the number of moles of each element. “Mass to mole”
Step 2:  Moles of Carbon =40.0g C x 1 mol C/12.01g C =3.331 mol C
Moles Hydrogen = 6.73g H x 1 mol H/1.01g = 6.663 mol H
Mole Oxygen = 53.27 g O x 1 mol O/16.0 g=3.33 mol O
DO NOT ROUND THESE NUMBERS - KEEP SEVERAL DECIMAL PLACES

Divide each by the smallest number of moles to obtain the simplest whole number ratio.
“Divide by small”

Step 3: The molar ratio of the elements in my compound is C3.331He.66303.33. [ want a
whole number ratio, so I will divide all the subscripts by the smallest number of moles
(3.331) to get:

CiH201 - so my empirical formula is CH20

If your number after dividing are values like 2.07, 1.1 etc. then round to the nearest whole
number. If they are values like 3.5, 2.333 etc., then go to step 4.
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4. If whole numbers are not obtained” in step 3), multiply through by the smallest integer that will give
all whole numbers

“Make it whole”

Let’s say that my empirical formula turned out to be C2.333H402. 2.333 is not close enough to 2
to round down to 2. But I can multiply my formula through by 3 to get this:

C7H1206

5. Finding molecular formula: If the molar mass of your empirical formula matches the molar mass
of the final compound (as stated in the problem) = Hooray! You are done: your empirical formula IS
your molecular formula.

Step 5: For my example in step 1, it says that the molecular weight (molar mass) of my
compound is 180.18 g/mol

My empirical formula is CH20 from step 3 has a molar mass of (12.01 + 2x1.01 + 16)
g/mol = 30.03 g/mol. So my empirical formula is not my molecular formula.

Now, divide molar mass of compound/molar mass of empirical formula:

180.18 g/mol + 30.03 g/mol =6
The molar mass of my compound is 6 times the molar mass of my empirical formula.

Multiply the empirical formula subscripts by 6 to get the final molecular formula:

6(CH20) = C¢H1206 = The compound in my sample is glucose!

Sharon Karackattu



Steps to Solving Limiting Reagent Problems

Suppose 13.7 g of C2H2 reacts with 18.5 g Oz according to the reaction below. What
is the mass of CO2 produced? What is the limiting reagent?

2C2H2(g) + 502(g) — 4CO2(g) + 2H20(0)

Find the mass of product yielded by the given amount of the first reactant. You can use either
product (COz2 or H20), but since the question asks about COz, it will be easier to use this
product:

13.7 g CoHo | 1 mole C2Hz | 4 mole CO2 | 44.02gCO2 =|[46.3gCO
| 26.04 g CoH> | 2 mole C2H> | 1 mole CO>

Find the mass of the same product (in this case COz) yielded by the given amount of the
second reactant.

18.5g 02 | 1 mole 02 | 4mole CO: | 44.02gC0O> = [204¢CO;
| 32.00 g O2 | 5 mole O2 | 1 mole CO2

Since the 18.5 grams of Oz produces less COy;, it is the limiting reagent in this problem. This
amount of Oz gets used up first and “limits” how much COz can be produced. The amount of
COz that can be produced is 20.4 grams (which you already calculated!)

You can repeat steps 1 and 2 for any number of reactants that you have a given mass for. The
limiting reagent will ALWAYS be the reactant that produces the least amount of product
(because it gets used up first).

Finding the amount of excess reagent: The excess reagent is the one that is NOT the limiting
reagent. There will be some of this reagent leftover after the limiting reagent is completely used

up.

Figure out how much of the excess reagent must react completely with the given amount of
the limiting reagent. Then subtract this amount from the given amount of the excess reagent.

18502 1moleOx | 2mole C2Ha | 26.02 g CoH2 = 6.02 g CoHo used

| 32.00 g O2 | 5 mole O2 | 1 mole C2H2

13.7 g of C2H2 total — 6.02 g of C2H2 used = | 7.68 g C2H2 excess (leftover)

Sharon Karackattu



Part VIII: Stoichiometry-Based Problems
1. a) Nicotine is a stimulant and an addictive chemical found in tobacco. An analysis of nicotine

produces the following percent composition: 74.03% carbon, 17.27% nitrogen, and 8.70%
hydrogen. What is the empirical formula of nicotine?

b) Further tests show that the molar mass of nicotine is 162.23 g/mol. Given this information, what
is the molecular formula of nicotine?

2. An ionic sample with a mass of 0.5000 g is determined to contain the elements indium and chlorine.
If the sample has 0.2404 g of chlorine, what is the empirical formula of this ionic compound?

3. A 16.4 g sample of hydrated calcium sulfate is heated until all the water is driven off. The calcium

sulfate that remains has a mass of 13.0 g. Find the formula and the chemical name of the
hydrate.

4. CsHg + 0. =

a. What type of reaction is written above?

b. Predict the products of the reaction and balance it.

c. If I start with 5.00 grams of C3Hs and 5.00 grams of O, what is the limiting reagent? What is my
theoretical yield of the carbon containing product?



d. |geta percent yield of 75%. How many grams of the carbon containing product did | make?

Magnesium undergoes a single replacement reaction with hydrochloric acid.

Write the Balanced Equation:

Which element is oxidized? Which element is reduced?

How many grams of hydrogen gas can be produced from the reaction of 3.00 g of magnesium with
4.00 g of hydrochloric acid?

Identify the limiting and excess reactants. How many grams of the excess reagent are leftover?

If the hydrogen gas is produced at 48°C and 2.5 atm of pressure, what is the volume produced in
liters?

Sulfur reacts with oxygen to produce sulfur trioxide gas.
Write the Balanced Equation:

If 6.3 g of sulfur reacts with 10.0 g of oxygen, what is the theoretical yield of sulfur trioxide gas in
grams?

What is the limiting reagent? How many grams of the excess reagent is leftover?

The sulfur trioxide gas produced had a volume of 5.4 L and was produced at 98°C. What is the
pressure of the gas in kPa?



Photoelectron Spectroscopy

What does a photoelectron spectrum tell us about the structure of an atom?
Why?

When scientists first discovered X-rays, they realized they could do more than just make images of people’s
bones. X-rays could also allow them to “see” inside the atom. They could not do this directly, but in look-
ing for patterns in ionization energy data they were able to determine the energy levels and sublevels of
electrons and how many electrons were in each level.

Model 1 — A Soccer Player in a Ditch

45 ] = energy
needed to release the
% ball from the ditch
'e)

1. Consider Model 1. Imagine that a soccer player is trying to kick a ball out of a ditch.

a. What force of attraction is keeping the soccer ball at the bottom of the ditch?
b. Which type of energy must be overcome to get the ball out of the ditch—potential or kinetic?
¢. Which type of energy must the ball have to get out of the ditch—potential or kinetic?

2. How much energy must be given to the ball by kicking it to get it out of the ditch?

& 3. Describe what happens to the ball if the soccer player’s kick provides:
a. 30 J of energy to the soccer ball in the ditch.

b. 45 ] of energy to the soccer ball in the ditch.

¢. 60 ] of energy to the soccer ball in the ditch.

Photoelectron Spectroscopy 1



4. For each of the scenarios in Question 3 where the ball successfully leaves the ditch, determine the
kinetic energy the ball will have when it reaches the top of the ditch.

5. Construct an algebraic equation that shows the relationship among the energy of the player’s kick
(KE,,_), the potential energy of gravity on the ball (PE) and the kinetic energy the ball will have

as it leaves the ditch (KE_ ).
Model 2 — A Hydrogen Atom
<—— photon

proton electron

6. Refer to Model 2.

a. What force of attraction holds the electron in the hydrogen atom?

b. Which type of energy needs to be overcome to remove an electron from the atom—potential
or kinetic?

¢. What is supplying the energy to remove the electron from the atom in Model 22

7. Fill in the table below to show how the hydrogen atom (Model 2) parallels the ball in the ditch
analogy (Model 1).

Soccer Ball in the Ditch | Hydrogen Atom

Gravity
Ball
Player’s kick
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8. Consider the atom in Model 2.

a. If the photon has less than the minimum energy needed to eject the electron from the atom,
what will happen to the electron?

b. If the photon has exactly the minimum energy needed to ¢ject the electron from the atom,
what will happen to the electron?

c. If the photon has more than the minimum energy needed to eject the electron from the atom,
what will happen to the electron?

9. The amount of energy necessary to remove an electron from an atom is called the ionization
energy of that electron. What part of the analogy in Model 1 represents the ionization energy?

10. What is the relationship between the ionization energy of an electron and the net attractive force
that holds an electron in an atom?

11. The electrons that escape the atom after bombardment by a photon are called photoelectrons.
Why might this be an appropriate name for these electrons?

Read This!

Photoelectron spectroscopy (PES) allows scientists to determine the ionization energy of not only valence
electrons, but all electrons in an atom. In PES, a gaseous sample of atoms is bombarded by X-rays or ultra-
violet light (photons) of known energy. The kinetic energies of the photoelectrons that are ejected from the
atoms are measured. The number of photoelectrons with the same kinetic energies is noted. Although only
one electron is removed from each atom, several atoms are ionized in the experiment. The electron that is
removed will differ from atom to atom. The collective result provides information about all the electrons in
an atom of the sample.

12. Construct an algebraic equation that shows the relationship between the energy of the photon
(KE jj0c0n)> the ionization energy (IE) and the kinetic energy of the photoelectron (KE,.,,) as it
leaves the atom.
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13.

£ 14

15.

16.

If the kinetic energy of the photon is exactly equal to the ionization energy, the kinetic energy of
the photoelectron should be zero. Verify that your equation is consistent with this idea. If not,
revise your equation.

Consider the equation you wrote in Question 12. What pieces of data do you need to know to
calculate the ionization energy of a given electron?

A photoelectron experiment is performed on a sample of silicon using photons with an energy
of 1.43 x 10° kJ/mole. Photoelectrons are generated that have a kinetic energy of 1.34 X 10°
kJ/mole. What was the ionization energy of these electrons?

In the previous question, was only one atom of silicon involved, or were many atoms involved?
What evidence do you have from the question to support your answer?

Model 3 — Multiple Energy Levels

Soccer Balls in a Ditch Lithium Atom

B
nucleus
A 30]
45] 3

17.

18.

In the ditch diagram in Model 3, which player (A or B) will need to put more energy into their
soccer ball to get it out of the ditch? Explain your answer in terms of both depth and potential
energy.

Consider the electrons in an atom of lithium as diagrammed in Model 3. Which electron, 1 or 3,
will require more energy to be removed? Support your answer by discussing the attractive forces
in the atom and how they might be different for electrons 1 and 3.
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19. Compare electrons 1, 2 and 3 in terms of their ionization energy. Explain your reasoning.

20. Ifalarge number of lithium atoms are ionized in a PES experiment, each losing one randomly
chosen electron, which ionization energy will be recorded more often, the lower IE or the higher
[E? Justify your answer.

Model 4 — Photoelectron Spectra of Lithium

Photoelectron Intensity

10000 8000 6000 4000 2000 0
Ionization Energy (kJ/mole)

21. Refer to the graph in Model 4.

a. What are the units of the x-axis?
b. What is unusual about the way the x-axis values are graphed?

¢. Which of the peaks in the graph represents electrons that are more tightly held by the nucleus?
Explain your reasoning,.

22. How many atoms of lithium were ionized (theoretically) in order to obtain the data for the spec-
trum above?

g 23. Based on the energy values of the peaks, label each peak with the electrons in a lithium atom (see
Model 3) to which they correspond.
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24.

25.

26.

27.

Why are there only two peaks and not three in the lithium spectrum in Model 4?

Why is the higher energy peak about twice as high as the lower energy peak?

What does the number of peaks in a PES spectrum reveal about the energy sublevels occupied by

electrons in an atom?

If the photoelectric spectrum of Ne is:

Photoelectron Intensity

A N

90000 80000 77 5000 4000 3000 2000 1000
Ionization Energy (kJ/mole)

Which shell model below best matches this spectrum? Explain your reasoning in one or two
complete sentences.

IR
I\

2p

) s
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28. Look back at Model 4. Using the lithium PES spectrum as a starting point, show how the
spectrum of the next larger element (beryllium) might be different. (Recall that Be will have one
more proton in its nucleus and one more electron in its sublevels.)

Photoelectron Intensity

10000 8000 6000 4000 2000 0
Ionization Energy (kJ/mole)

Model 5 — Sulfur and Phosphorus

Z Phosphorus

] C

&
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=]
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=

2 A B D
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=

yy4 yI4
77 77
300.0 200.0 100.0 30.0 20.0 10.0 2.0 1.0
Ionization Energy (kJ/mole)

B Sulfur

a C

&

g

=

s E
g

e A B D
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=

Z/ 7
/77 /77
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29. Refer to Model 5.

a. The atomic structure of which atoms are represented by the PES spectra shown?

b. List the number of protons and electrons in each atom.

¢. Draw a shell model for each atom based on the PES spectrums below. Label each shell in your

models with the corresponding PES peak from Model 5.

30. Consider the attractive and repulsive forces in the atoms of sulfur and phosphorus.

a. Explain why most of the peaks in the sulfur spectrum are shifted to the left relative to the
peaks in the phosphorus spectrum.

b. Explain why peak E in the sulfur spectrum is shifted slightly right compared to peak E in the
phosphorus spectrum.

31. Sketch the PES spectrum for chlorine using the spectra in Model 5 as a guide.
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Extension Questions

32. PES experiments frequently use an X-ray wavelength of 0.8340 nm. Recall that the energy of a
photon can be calculated using the equation £ = Ac/A.

a. Calculate the energy of the X-ray photon used in the PES experiment described.

b. Calculate the ionization energy of a photoelectron with a kinetic energy of 2.372 x 107'¢ J.
Include appropriate units.

¢. The value you have calculated is the ionization energy of a single electron. Generally we
express the ionization energy of a mole of electrons. What would be the ionization energy of a
mole of the electrons from part #? Include appropriate units and significant figures.

33. How are photoelectron spectroscopy and the photoelectric effect related?

34. What is the maximum wavelength of light that could be used to eject an electron with an ioniza-

tion energy of 340 kJ/mole?

35. Photoelectron spectroscopy experiments must be performed under ultra-high vacuum condi-
tions. Propose a reason for these extreme conditions.
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Mass Spectroscopy

How do we know isotopes exist?
Why?

When John Dalton proposed the first formal atomic theory, he stated “Atoms of the same element are
identical.” Today we know that is not true—many elements contain several different isotopes, or atoms
that differ in mass. Mass spectroscopy is the principle technique used to study isotopes. It is used to both
“count” and “weigh” atoms in a sample, just not in the traditional sense.

Model 1 - Sorting by Mass

lonization )
Acceleration Deflection

Magnesium Atoms ~ Magnesium lons
(mixture of isotopes) (mixture of isotopes)

Detection

OO0 3

1. According to Model 1 what four processes occur inside a mass spectrometer?

2. Consider where the sample is introduced into the mass spectrometer in Model 1. Which one of
the four processes from Question 1 is the first process?

3. Match the four processes from Question 1 to the following descriptions.

Ions collide with a metal plate. Electrons are transferred from the metal to the
ion, producing a current and thus a signal to a computer.

lons are attracted to the negative side of an electromagnetic field causing
separation of the mixture based on mass and charge.

Electrons are knocked off sample particles to form (mostly) +1 ions.

Ions move through a series of charged plates to form a narrow beam of high
speed particles with equal kinetic energy.

Mass Spectroscopy 1



4. When a sample is injected into the mass spectrometer, do the atoms or molecules turn into
J
positive or negative ions? Justify your answer with at least two pieces of evidence from Model 1.

5. According to Model 1, what causes the sample mixture to become separated?

Read This!

The key to mass spectrometry is that all of the particles go into the deflection chamber with the same
kinetic energy. They do not, however, have the same mass/charge ratio (m/z). Although most of the ions
formed are +1 ions, their masses are different. Therefore, the amount of deflection they experience by the
electromagnet is different. The strength of the electromagnet can be varied so only particles with a particular
mass/charge ratio can make it to the detector. Other particles collide with the metallic sides of the instrument,
are neutralized, and then removed by the vacuum pump. The machine is calibrated using carbon-12 isotopes
which are, by definition, exactly 12 amu (12.0000000...amu).

g\\ 6. Consider the following ions formed in a mass spectrometer. Rank the ions in terms of their de-
gree of deflection by the electromagnet from least to greatest. Greater deflection means a tighter
turn towards the negative pole of the electromagnet. Make sure all group members are able to
explain the ranking.

19F1+ IGOI+ 170l+

7. Why is it necessary to have the mass spectrometer chamber under vacuum (very low pressure) for
it to work properly?
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Model 2 — A Mass Spectrum

100 —

50 —

Percent Abundance

24 25 26
Mass/Charge

8. Model 2 is the mass spectrum that resulted from the experiment in Model 1.

a. What is the mass number of the most common isotope of magnesium?

b. What is the percent abundance of the most common isotope of magnesium?

9. The average atomic mass of an element can be estimated from data on a mass spectrum.

a. Calculate the average atomic mass of magnesium using data from Model 2. Hinz: You will not
get the correct answer if you add 24, 25 and 26 and divide by 3.

b. Give two reasons why your calculated value in part # is only an estimate of the average atomic

mass of the element magnesium.

10. The table below provides mass number and percent abundance information for the element lead.
Draw a mass spectrum for lead. (You can assume only +1 ions of lead are formed.)

204Ph 1.4%
206Ph 24.1
27Ph 22.1
208Ph 52.4
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Read This!

The mass spectra you have been looking at in this activity used percent abundance on the y-axis. Typically,
however, the spectra use relative intensity. The ions from the sample are sorted by mass/charge ratio by the
mass spectrometer. The ion that hits the detector most often is assigned a relative intensity of 100. The
other ions are given proportional relative intensities based on their abundance in the sample. An example
of magnesium’s mass spectrum shown both ways is given below.

100

._.

o

S
|

100—

79%

50—

10% 11% 1|3 1|4
|
24 25 26 24 25 26

Mass/Charge Mass/Charge

Percent Abundance
N
S
|
Relative Intensity

£ o1

g 1

Consider the two mass spectra in the Read This! box.

a. The sum of all percent abundances for magnesium is equal to 100. Explain why this is
reasonable.

b. The sum of all relative intensities for magnesium does not equal 100. Explain why this is
reasonable.

Imagine that the relative intensities on the mass spectra in the Read This! box represent the
number of particles in a sample.

a. Theoretically, how many magnesium ions were detected by the mass spectrometer?

b. What percentage of the ions were *Mg ions? Show mathematical work to support your
answer.

¢. Show mathematically how a computer might translate the 13 peak in the relative intensity
graph to 10% for the percent abundance graph.
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Read This!

The process of ionization inside of a mass spectrometer is quite violent. There are several methods of ion-
ization used in industry, but many of them remove electrons from the atoms or molecules by high energy
particle bombardment. In other words, the electrons are knocked off the atoms or molecules by high
speed particles colliding with them. Occasionally this process will break apart a molecule. This is called
fragmentation. The pieces are analyzed by the mass spectrometer along with the whole molecules.

13. The following information was gathered by mass spectroscopy for the element fluorine. Fluorine
has only one natural isotope, but it does form diatomic molecules naturally. Propose an explana-
tion for the two lines on fluorine’s mass spectrum.

Percent Abundance

|
19 38
Mass/Charge

14. The element chlorine has two natural isotopes: **Cl (76% abundance) and ¥Cl (24% abun-
dance). The mass spectrum of chlorine has five lines.

a. Three of the lines in the mass spectrum are from diatomic molecules of chlorine. List the
three possible combinations of the two isotopes and their total mass number.

b. Explain the remaining two lines in the spectrum.

¢. Draw a mass spectrum that would result from diatomic chlorine. Include the mass/charge
number and estimate the relative abundance of each ion. (Assume only +1 ions are formed.)
Although the heights of the peaks are difficult to predict you should be able to determine
which will be taller or shorter based on the abundance of each chlorine isotope.
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Extension Questions

Model 3 — Successive Ionization Energies

1st Ionization

Mg(g) + energy — Mg'*(g) + e~

2nd Ionization

Mg (g) + energy — Mg*(g) + e~

15. List two ways that the first ionization and second ionization of an atom are similar.

16. List two ways that the first ionization and second ionization of an atom are different.

17. Occasionally a particle introduced into a mass spectrometer is ionized twice, causing a 2* ion to
be formed. Consider the 1st and 2nd ionization energies of several atoms in the table below.

Element 1st Ior(lliﬁe;i(:)?ef,nergy 2nd Ioaijz;l;izile )Energy
Magnesium 738 1451
Chlorine 1251 2298
Xenon 1170 2046
Oxygen 1314 3388

a. How do Ist ionization and 2nd ionization energies usually compare for an atom?

b. Propose a reason why very few 2* ions are formed in a mass spectrometer.

¢. If 2" ions of magnesium were formed in the mass spectrometer chamber illustrated in
Model 1, would they be deflected more or less than the 17 ions by the electromagnet?
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18. What would the mass spectrum of magnesium look like if a small portion of atoms were ionized
to 27 ions?

19. Mass spectroscopy is also used to study large organic molecules. When a sample of a pure com-
pound is analyzed in the instrument, some of the molecules get ionized whole (molecular ions),
while some are fragmented and ionized. The fragmentation occurs in predictable patterns allow-
ing scientists to propose chemical structures for unknown substances. Consider the mass spec-

trum of pentane (CH;CH,CH,CH,CHj;) shown below.

Relative Intensity
o

A ‘ E
| | | |
15 29 43 57 72

a. Match the molecular ion and fragment ions below to each of the lettered peak clusters in the
mass spectrum.

CH,CH,CH,CH,CH,*
CH,CH,CH,CH,*
CH,CH,CH,"*
CH,CH,"

CH,*

b. Peak cluster A has a small peak at 14. What may have fallen of the CH;* ion to form this peak?
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