Topic: 1.1 Moles and Molar Mass

Enduring Understanding:

SPQ-1 | The mole allows different units to be compared

Learning Objective:

SPQ-1.A | Calculate quantities of a substance or its relative number of particles using dimensional analysis and the mole
concept.

Essential Knowledge:

SPQ-1.A.1 | One cannot count particles directly while performing laboratory work. Thus, there must be a connection
between the masses of substances reacting and the actual number of particles undergoing chemical changes.

SPQ-1.A.2 | Avogadro’s number (Na=6.022 x 1023 particles/mole) provides the connection between the number of moles
in a pure sample of a substance and the number of constituent particles (or formula units) of that substance.

SPQ-1.A.3 | Expressing the mass of an individual atom or molecule in atomic mass units (amu) is useful because the
average mass in amu of one particle (atom or molecule) or formula unit of a substance will always be
numerically equal to the molar mass of that substance in grams. Thus, there is a quantitative connection
between the mass of a substance and the number of particles that the substance contains.

Equation(s):

n=m/M
moles = mass/molar mass

Notes:

It is impractical to count atoms as they are so small, so in chemistry we can “count” atoms by weighing them or

measuring them in some other way. We need to convert the measurements that we make into numbers of atoms
so that we can be sure to react the right amounts of materials. Atomic masses are measured in atomic mass units,
amu, which is a relative unit, based on the carbon-12 isotope being assigned a mass of ex+—— -

A mole is a term used to describe a group of atoms containing 6.022 x 1023 items. it s
Chemists use moles to discuss amounts of atoms because using the actual amount of N O
atoms is such a large number it is often impractical. You can calculate the mass for one 7 8
mole of a substance by referring to the periodic table to find the average atomic mass of .

each atom then adding up the total mass for the formula. Nitrogen | Oxygen

How to calculate Molar Mass: Calculate the molar mass of
1) List the atoms dinitrogen tetroxide:
2) Count the atoms N204
3) Find the mass of each atom from the periodic table N=2x14.0067 =28.0134
4) Multiply the number of atoms (#2) by the mass of each atom 0 =4x15.9994 = 63.9976
(#3) 92.0110 g/mole
5) Add together the values (#4)

Molar mass can be used as a conversion factor to convert between moles
and grams. ltis unique for each sample.

Avogadro’s Number, 6.022 x 1023 particles/mole, is the conversion factor
to convert between number of particles (molecules, atoms, formula units, ions) and moles.

Avogadro’s

Number of Particles
number

Mass Moles




Ido: Maloe Moss, BT,
How many moles of Lead (ll) iodide, Pblz, are there in a 25.0 gram sample? Pbe\ x 2032 = 29T

250q PoT, x A2l Polz = 0.054 Zmol PoTz T=2x1269: 23?:
How many atoms of lead, Pb, are'in the sample?

22
0. 0542 o\ PEL, , \mal Po . bOZKD arms® = R.2FxI0 oXoms Po
\mo\'pblz | o\ Pb

Wedo:

A 0.244 g sample of calcium carbonate, CaCO 3, was recovered from a sample of hard water. How
many formula units of CaCOs3 were in the sample?

SCAN ME

Youdo:

1) Methane, CHa, is the gas commonly found in labs to fuel Bunsen burners.
a) How many moles of methane are there in a 7.21 gram sample?
b) How many particles of methane are there in the sample?
c) How many atoms of hydrogen are found in the sample?

2) Helium, He, is used in balloons, deep sea diving tanks, and in industry. While it is the second most
abundant element in the universe, in 2019 there was a shortage of helium which caused the prices torise.
If 150. grams of helium is needed to cool a superconductor, how many atoms of helium are used?

3) If you know the mass and identity of a sample, what other information do you need in order to find the
number of each atom in the sample?

4) Given 10.0 gram samples of LiCl, LiBr, LiF and Lil, place the samples in order of least to greatest number of
atoms of Lithium, Li.

5) What is the mass of one atom of carbon-12?

6) Whatis the mass of 2.30 x 1024 particles of water, H20?




7) Which is a greater mass, 0.25 moles of carbon dioxide, CO2, or 1.5 x 1023 particles of carbon monoxide, CO?




ToPIC: 1.2 MASS SPECTROSCOPY OF ELEMENTS

ENDURING UNDERSTANDING:

SPQ-1 | The mole allows different units to be compared.

LEARNING OBJECTIVE:

SPQ-1.B | Explain the quantitative relationship between the mass spectrum of an element and the masses of the
element’s isotopes.

ESSENTIAL KNOWLEDGE:

SPQ-1.B.1 | The mass spectrum of a sample containing a single element can be used to determine the identity of the
isotopes of that element and the relative abundance of each isotope in nature.

SPQ-1.B.2 | The average atomic mass of an element can be estimated from the weighted average of the isotopic masses
using the mass of each isotope and its relative abundance

EQUATION(S):

| N/A

NOTES:

A sample of a pure element contains a variety of isotopes (atoms with the same number of protons and electrons,
but different numbers of neutrons and therefore different mass numbers). The percentage of each atom with a
specific atomic mass in the sample is that isotope’s relative abundance.

For example, chromium has four naturally occurring isotopes- which are shown in the data table below.

We can see that most of the naturally occurring chromium is chromium-52, so we expect the average atomic mass
(the weighted average of the masses of all of the naturally occurring isotopes of an element, the mass given on the
periodic table) to be close to 52 amu. When we check the periodic table, we see that chromium'’s average atomic
mass is in fact 52.00 amu.

Isotope Protons | Neutrons | Mass (amu) Abundance MassiSpeatrdam of Chranyun

{%) 1007%
Chromium-50 24 26 49 95 435 g R
Chromium-52 24 28 51.94 83.79 2

$ g,
Chromium-53 24 29 52.94 9.50 =
0% = =
48 4% £ 81 sz 3 54 85 55

Chromium-54 24 30 53.94 2.36

(Data from IUPAC Periodic Table of Isotopes: https://applets.kcvs.ca/IPTEI/IPTELhtml)

Mass Spectroscopy (Mass Spec) is an analytical chemistry lab technique that separates the components of a sample
by their mass.

The mass spectrum of a sample containing a single pure element gives information about the naturally occurring
isotopes of that element. By reading a mass spectrum, you can determine the isotopic masses (x-axis) as well as
the relative abundances of those isotopes (y-axis).

The average atomic mass of an element can be calculated using the relative abundance and mass of each naturally
occurring isotope of that element using the following equation.

Average Atomic Mass = Z (relative abundance of isotope n) X (mass of isotope n)

n
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(Mass Spectrum from www.webelements.com)

The mass spectrum of a sample of a pure element is shown above. Calculate the average atomic mass of the
element.

From the spectruum, | can see that there are three isotopes representing the following isotopes:

Mass: 39 amu, Abundance: 92.26%

Mass: 40 amu, Abundance: 0.01.%

Mass: 41 amu, Abundance: 6.73%

[ will find the welghted average of the isotople masses using the formula below.

Average Atomic Mass = z (relative abundance of isotope n) X (mass of isotope n)

n
Average Atomic Mass = (0.9326 X 39 amu) + (0.0001 x 40 amu) + (0.0673 X 41 amu)
Average Atomic Mass = 36.3714 amu + 0.0040 amu + 2.7593 amu
Average Atomic Mass = 39.1347 amu
The average atomic mass of the element is 29.134 7 amu.

What is the identity of the element?
The tdentity of the element is potassium, K. The caleulated average atomic mass of 39.1347 amu is closest

to the average atomic mass given own the periodic table for potassivm.

WE Do:

Rhenium, Re, is one of the rarest elements on Earth. Alloys containing rhenium are used
for oven filaments and x-ray machines.

The average atomic mass of naturally occurring rhenium is 186.21 amu. There are two
common isotopes of naturally occurring rhenium. Using the information given in the
table below, calculate the percent abundance of naturally occurring rhenium.

SCAN ME

Isotope Mass (amu)

Re-185 184.95

Re-187 186.96




You Do:

1) The mass spectrum of a sample of a pure element is given below. Calculate the average atomic mass of the
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2) Determine the most likely element for the mass spectrum given below. Justify your choice.

100 -

relatye 7 Tungsten
abundance N
1%
20 Niobium
- Zirconium
- ]
| O L T L P10 i
88 90 9z 94 96 3B i Plutonium
3)

In the chemical closet, you found an unlabeled vial with a solid piece of an unknown element inside (element Z).
You decided to put it in the mass-spec to figure out its atomic mass. The results showed that it has two naturally
occurring isotopes, Z-85, and Z-87. Z-85 has a natural abundance of 72.17% and a mass of 84.912 amu. Z-87 has

a natural abundance of 27.83% and a mass of 86.909 amu. Calculate the average atomic mass and determine the
identity of mystery element Z.




4) Use the mass spectrum below to fill out the information in the table about each isotope.
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ToPIC: 1.3 ELEMENTAL COMPOSITION OF PURE
SUBSTANCES

ENDURING UNDERSTANDING:

SPQ-2 IChemical Formulas identify substances by their unique combination of atoms

LEARNING OBJECTIVE:

SPQ-2.A [Explain the quantitative relationship between the elemental composition by mass and the empirical
formula of a pure substance

ESSENTIAL KNOWLEDGE:

SPQ-2.A.1 [Some pure substances are composed of individual molecules, while others consist of atoms or ions
held together in fixed proportions as described by a formula unit.

SPQ-2.A.2 |According to the law of definite proportions, the ratio of the masses of the constituent elements in
any pure sample of that compound is always the same.

SPQ-2.A.3 [The chemical formula that lists the lowest whole number ratio of atoms of the elements in a
compound is the empirical formula.

EQUATION(S):

IN/A

NOTES:

A pure substance is one with constant composition; a pure substance can either be an element or a compound

When dealing with compounds you can assume it follows the law of definite proportion, which states compounds
iwith the same elements in the same proportion are the SAME compound.

Following the law of definite proportion, you can find the percent composition which is the percent by mass of
each element that makes up a compound.

To calculate the percent composition, you divide the mass of each element in a compound by the total
molar mass of the substance.

[n compounds, the empirical formula represents the simplest ratio of one element to another in a compound. The
molecular formula represents the actual formula for the substance.

An example is glucose which has the molecular formula C¢H1,0s but the empirical formula is CH>0.

To determine the empirical and molecular formula.
1. Determine the empirical formula for the compound when given percent of each element

Assume you are given a 100g sample so you can change percent to grams
For each element take grams / molar mass to get moles of each element
Divide each mole value by the lowest of the values
If you are within 0.1 of a whole number round to the whole number, if you are not you must
multiply by a factor that gives you whole numbers for all.
e. The values you found are the subscripts for each element
2. Determine molecular formula (can only determine if given molar mass of substance)
a. Find mass of empirical formula
b. Molar mass/ empirical formula mass to find factor
c. Multiply all subscripts in the empirical formula by the value

a0 o




[ DO:
A certain sugar used in treating patients with low blood sugar has the following chemical composition: 40 percent
carbon, 6.7 percent hydrogen, and 53.3 percent oxygen. What is the empirical formula?

40% C = HogCy T'_'LJE’OJ‘TSQ‘ 333ma\C w= A b.3me =2 3330 - j_
b3 Bu = msm mﬂﬁ = b.L3IrAW 2,33mo\ 323 mo\ 333mo\

4
533%0 - S3. 'sgo,g___tb = 333 mald .
The molar mass of the cgl‘%pound is 180 grams/mole. What is the molecular formula of this compound?

C=(% 2.0\ =120\ ~
Berx Loy ~o.aL (30039 = \30 Yy

O=\x (6O = 16.60 = o
e Yme\

'WE DO: Scan Me
a. A compound is found to contain 56.5% carbon, 7.11% hydrogen, and 36.4% ;
phosphorus. Find the empirical formula.

|
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b. If the compound has a molar mass of 170.14 g/mol, what is its molecular formula?

YOU DO:
1. The most abundant molecule found in the human body is 88.810% oxygen and 11.190% hydrogen.
Calculate the empirical formula for this substance.

2. Arginine is one of the amino acids; it is used in the biosynthesis of proteins. Analysis revealed that a
sample of arginine was 41.368 % carbon, 8.101% hydrogen, 32.162 % nitrogen and 18.369% oxygen.
a. What is the empirical formula of arginine?

b. The molecular weight of arginine is 174.204 grams/mole. What is the molecular formula?

3. The empirical and molecular formulas of urea are the same. 90 % of the world’s urea is used for fertilizer.
If the percentage composition of the elements in urea are 19.999% carbon, 6.713% hydrogen, 46.646%
nitrogen and 26.641% oxygen. Calculate the empirical formula.




4. A compound containing phosphorus and oxygen is a powerful desiccant. The compound is 43.642%
phosphorus and 56.358% oxygen.
a. Calculate the empirical formula for this compound.

b. The molar mass of this compound is 283.889044 g/mol, determine the molecular formula.

5. Emeralds are composed of 4 different elements in a fixed proportion. They are composed of 5.030 %
beryllium, 10.040 % Aluminum, 31.351% Silicon and 53.579% oxygen. The empirical and molecular
formula are the same.

a. Calculate the empirical formula.

b. Calculate the molar mass.

6. Iron can form three different oxides, FeO, Fe;03 and Fe304. A sample of iron oxide was analyzed and was
found to contain 69.943% iron with the rest of the mass from oxygen. Determine the empirical formula to
determine the identity of the iron oxide.

7. Serotonin is a chemical that nerve cells produce from an essential amino acid called tryptophan.
Tryptophan must enter our body through a balanced diet, and is commonly found in nuts, cheese and red
meat. Serotonin is considered to be a natural mood stabilizer as it helps with sleeping, eating and
digestion. A sample of serotonin was found to be 6.864% hydrogen, 68.159% carbon, 15.897% nitrogen
and 9.079% oxygen. Calculate the empirical formula for serotonin.






































































