HONORS CHEMISTRY: INTRO TO COMPOSITION MATHEMAT/CS DATE:

Objectives: SWBAT. ..
...preview mathematical expectations for composition mathematics.
...measure out a certain number of objects without counting them.

This is an extremely mathematical unit. This will be a good review of factor-label, sig figs and units.
Skills you should be able to perform by the end of this chapter:
Convert from...

... atoms to atomic mass units (u) (and vice-versa) ...atomic mass units (u) to gram (and vice-versa)

...grams to moles (and vice-versa) ...atoms to moles (and vice-versa)
Determine...

...an element’s average atomic mass (in u) ...an elements molar mass (in g/mol)

...the molar mass of compounds (in g/mol) ...% composition of compounds

...a compound’s empirical formula from its % composition

...compound’s molecular formula from its molar mass and empirical formula

RATIOS OF CHEMIGALS ARE VERY INFORTANT IN GHEMISTRY!

For example, balance this equation: CH;+ 0O, — H,O + CO,
WHAT DOES IT MEAN?
THE PROBLEM:
- Atoms and molecules are really, really small! (Atoms are around 1-5x10™'"° meters or 1-5 )

- You cannot realistically count out enough particles to have a visible reaction.

S0 HOw DO YOU COUNT OUT A CERTAIN NUMBER OF PART/CLES WITHOUWT ACTUALLY COUNTING THEM?

Instead of looking at atoms right now, pretend that you work at a candy store. People come in and constantly

ask for large, but exact numbers of different candy types. (For example, 1000 or 1,000,000 jelly beans)

O

70 DETERM/INE THE AVYERAGE MASS OF THE CANDY.

- ex.:

- Once we have this we have a factor-label conversion:

l" ol "

MORE ABOUT U
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2) USE FACTOR-LABEL TO CONVERT YOUR NUMBER TO A MASS.

- Exom\P\el \f you weeded 000 3@\\ybeav\s for a customer, What mass could you meosure out?

- If you measure this out, you’ll have very close to the number of candies you wanted!

THINGS TO THINK ABOUT:

- Different candies are going to have different conversion factors. ex)
- Atoms are going have the same issues. Different atoms are going to have different masses.
- Fortunately, scientists have determined the average mass of each element and put it on the periodic table.

- Atoms’ masses are often measured in 1u=

- Atomic mass units are only going to be used when dealing with individual atoms and their individual masses.

- Technically, atomic mass units are actually called

- The unit is interchangeable with the unit u.

TRY THESE..

D | atom of carbon has an averoge otomic mass of 2.0l u. What s ts mass (wn 3vomn53?

2) You have exad’\y | bi\\on atowms of carbon. How mony atomic mass units s that?

3) You have .O wmg of \ead. Bow mony Daltons s that?

1) How mony \ead atowms s that? (Lead’s averoge otomic mass =207.2 v)

“Be ashamed to die until you have won some victory for humanity.” ~ Horace Mann
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HONORS CHEMISTRY NAME
COMPOSITION MATH BASICS

Practice turning these into equivalence statements...
An average dog probably weighs about 38 lbs.

The average dog lives about 12 years.

Under laboratory conditions, the average dog sleeps about 13 hours a day.

There are about 75 million dogs in the US. The US population is about 316 million.

Now set up and solve these conversions:
24.5 micrograms of sulfur equals how many pounds?

24.5 micrograms of uranium equals how many pounds?

13 atoms of oxygen are how many Daltons? How many grams?

13 atoms of phosphorus are how many Daltons? How many grams?

“There are three kinds of Lies: Lies, damned Lies, and statistics.”

~ Benj amin Disraeli
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HONORS CHEMISTRY : THE MOLE AND ELEMENT AL MOLAR MASSES DATE:

Learning activities: SWBAT...
...explain the concept of a mole.
...convert between grams, moles and atoms of a substance.

[=] % [m]
[=]

TED-ED ON THE MOLE

A MIOLE:

With a Pav‘\'v\ev. decide which of the fo\\ow‘wxg statements s true:

a) ‘A mole is like a cup of something.’
b) ‘A mole is like a pound of something.’

c) ‘A mole is like a dozen of something.’

You can treat Avogadro's number like any other conversion in factor-label:

TRY THESE:

How mony atowms ave theve w 2.30 wmoles of go\o\?

How mony atowms ave theve w 2.30 wmoles of coPPev?

How many wmoles ave exad’\y 1,000,000 atowms?
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YOU CAN ALSO CONVERT FROM MOLES TO GRAMS AND VIGE-VERSA!

MOLAR MASS:
- The periodic table gives the molar mass of each element. It is the same number as the atomic mass.

- ex) The molar mass of carbon is 12.01 g/mol. Write this out as a factor-label conversion:

TRY THESE:

How mony groms are W 2.30 moles of go\d?

How mony wmoles ave therve wn 25.45¢ of sulfur?

How many otowms ave 7.8 of L\¢

DID YOU KNOW-.. " 181l the 1talion chemist Amedeo Avogodvo (I776-1856)
hypothesized that equal volumes of gases at the same femperature and
pressure contawn equal numbers of wmolecules. Avogodro olso o«s‘\'u‘\'e\y
veasoned that swmple goses weve not formed of so\'\‘\'owy atoms but weve

wstead compo und mol\ecules of t\wo or move atowms.

Cuv'\ous\y, AVOSO«dVO'S \nypoﬂnes’\s was V\eg\ec‘\'ed for half a cev\‘\'uvy after
Wt was fwvst Pub\'\s\neo\. N\omy veasons for this v\eg\ed' have been c\ted,

'w\c\ud'\vxg some theovetical onb\ems. I addtown, AVOgo«o\vo was wot Ponr\' of
own active cow\w\uv\'\‘\'y of chemists: the H’a\y of his o\qy was far from the

centers of c\r\ew\'\shy ‘W Frawnce, Gevw\qv\y, Eng\o«vxd, ond Sweden.

It was wot until 1860, ofter Avogadvo’s deoth, that another chemist, Stowisloo
Conwnizzovo, used Avogodro’s \ny];o‘\‘\r\es'\s Yo determine the wolar wmass of seveval
compounds volidating the corvectness of Avogadro’s Wdea. The number of particles w a
mole of o substance was nomed Avogodro’s Number W hownor of Wis contributions fo

c\nevv\'\s‘\'vy. (\nH’PI 4 www.dnew\\nevﬁ’o«ge.ov@

“te who can take no great interest in what is small will take fmlse interest in what is 5rzm&. "~ John Ruskin
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EVERYTHING YOU WANTED TO KNOW ABOUT

MOLES BUT WERE AFRAID TO ASK!

No, I don’t mean those little rodents! As you’ve learned from your text and class, a mole is:

* A UNIT OF MEASUREMENT FOR THE AMOUNT A SUBSTANCE

* A SUBJECTIVE NUMBER WHICH CHEM/ISTS PICKED OUT TO HELP MANAGE VERY LARGE AMOUNTS
OF VERY SMALL PARTICLES.

*  EQUAL TO THE NUMBER OF CARBON ATOMS IN EXACTLY 12 GRAMS OF PURE "°C.

o EQUALTO 6.022 x 107 PARTICLES (THAT'S 602.214.000.000,000,000,000,0007)

*  ALSO KNOWN AS AvOGAPRO’S NUMBER.

So you’re saying that’s a big, big number! But just how big is it? Well if you had a mole of...

* ...DROPS OF WATER GO/NG OVER NIAGARA FALLS, IT WOULD TAKE 134,000 YEARSY

*  ...SECONDS, YOU’D HAVYE ATIME &4 M/LLION TIMES LONGER THAN THE EARTH’S EX/STENCEY
* ...TONS, YOU’'D HAVE A LITTLE OVER 1% OF THE EARTH’S MASS! (THE EARTH /S 8/G 700...D
*  ...DOLLARS, SEVEN B/LLION PEOPLE COULD SPEND A M/LLION DOLLARS AN HOUR FOR THEIR

ENT/RE LIVES AND THEY AND USE UP ABOUT 1% OF THAT MONEY. (YOU COULD STACK A MOLE OF
DOLLAR BILLS THE DISTANCE OF THE EARTH TO THE MOON... OYER 170 B/LLION T/MES. D

Now this is getting out of control! Why do chemists need such a large number? Well, atoms

and molecules are small. Real small. These particles are so small, in fact, that even tiny

samples we can see are composed of enormous quantities of

3 .
%10 “ particles.

e 02?

Since chemical reactions depend on ratios of particles, chemists
came up with Avogadro’s number. For example, a mole
(abbreviation, by the way, is mol) of copper only equal about two
dozen pennies (compare that to the example of pennies given above)

and a mole of water is only around three teaspoons! That makes

planning and running chemical experiments a lot easier.

In fact, if you take a look at your periodic table, you’ll soon discover that the numeric value of
an element's atomic mass is equal to its molar mass (how many grams of the element would be
needed to obtain a mole of it). So what is the mass of a mole of gold? Helium? Uranium?

Boy, moles sure are fun!
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HONORS CHEMISTRY nAME _____
THE MOLE

What conversions are needed to go between all four units? Which depend on the
identity of the substance? Which do not?

GRAMS =P DALTONS

MOLES <P PARTICLES

Now set up and solve these conversions:
You've got 316 million Americans. How many moles of Americans is that?

You've got a hamster with a mass of 110 grams. How many Daltons (amus) is that?

You've got 7 atoms of francium. How many Daltons (amus) is that?

You've got 112.1 moles of hydrogen gas. How many grams is that?

You've got 1.2 million atoms of carbon. How many grams is that?

You've got 4.1 moles of neon gas. How many Daltons (amus) is that?

‘Ifwedon't c[wbnge direction soon, we'll end up where we're qoing.” - Professor Irwin Corey
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HONORS CHEMISTRY : DETERMINING COMPOUND MOLAR MASSES DATE:

Learning activities: SWBAT. .. ...determine the molar mass of a compound.

REMEMBER THE LAW OF CONSERVATION OF MASS:

So the mass of a compound...

Determining a compound’s molar mass is only slightly harder than looking up an element’s molar mass.

EXJ WHAT IS THE MOLAR MASS OF BARIUM NITRATE?

Step 1) Determine the chemical formula, if necessary.
Step 2) Count the number of each element in the compound formula

Step 3) Do a series of one-step factor label problems to determine the mass of each element present.

Step 4) Add up the parts to determine the molar mass of the compound (grams per one mole).

Try de‘\’evw\'m‘mg the molar mass of (oH(0x .

“To be qrent we have to win the qimes we aren’t supposed to win” ~ Julius Ervin
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HONORS CHEMISTRY nAME _____
DETERMINING MOLAR MASS

Find the molar mass of potassium dichromate.

Find the molar mass of chlorous acid.

“Fortune does not cfmnga men, it unmasks them.” - Suzanne Necker
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HONORS CHEMISTRY: PERCENT COMPOSITION DATE:

Learning activities: SWBAT... ...determine the percent composition of a compound.

DETERMINING THE ELEMENTAL PERCENT COMPOSITION OF A COMPOLND:

EXD WHAT IS THE PERCENT COMPOS/IT/ON OF SODI/UUM CARBONATE?

Step 1) Determine the chemical formula, if necessary.

Step 2) Determine compound’s molar mass.

Step 3) Solve for percent composition of each element.
FORMULA = TOTAL ELEMENT MASS/COMPOUND MOLAR MASS x 100%

Step 4) Double check work by making sure all components add up to 100%

Occasionally you will run into a HYBRATE

- Part of mass of compounds can come from bound water. ex) SrCl,*6H,0.
- Often used as DEE'EEANT

Determine the pevcevd‘ cow\pos‘d“\ov\ of SvC\,#6H,0

HYDRATES IN ACTION

“Out of the lowest depths, there is & path to the Loftiest height.” ~ Carlyle
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HONORS CHEMISTRY NAME

DETERMINING PERCENT COMPOSITIONS

Determine the percent composition of potassium dichromate.

Determine the percent composition of chlorous acid.

“I was born not knowing and have had only a Little time to change that here and there.”
- Richard Feynman
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HONORS CHEMISTRY : DETERMINING EMPIRICAL FORMULAS DATE:

Learning activities: SWBAT. ..
...determine the empirical formula of a compound.

DETERNINING THE EMPIRICAL FORMULA OF A COMFOLND:

EXD A COMPOUND IN 63% MANGANESE AND 37% OXYGEN. WHAT IS ITS EMPIRICAL FORMULA?
Step 1) If given in percents, assume you have 100 grams total and convert directly to grams.

(Note: if in grams already, start at step #2)

2. Using molar masses, determine the moles of each element present.

3. Identify the smallest mole amount. Divide all mole amounts by this. (This will clean up your ratio.)

4. Manipulate ratio to get it to the smallest whole number ratio (a.k.a. the empirical formula).
This part gets easier with experience.
Try to tweak the ratio; not just round it to the nearest whole number!

When tweaking, look for decimals which can be converted into easily manipulated fractions:

Batwman fnds an unknown substance. After vunning Y ‘\‘\nvoug\n the Bor\‘covnpv\’ev, he fwds 1t to be 66.75%
copper, 10.84% P\nosp\r\ovus ond 22.41% oxygen. What ‘s the chemical formula?

“Pick. battles ]71'7 anaugi» to matter, small enaugf» towin.” ~](mm%m¢ Kozol

Permission to print for classroom use. www.guillotinedchemistry.com



HONORS CHEMISTRY nAME _____
DETERMINING EMPIRICAL FORMULARS

A sample of an oxide of nitrogen is found to contain 30.4% nitrogen. What s its
empirical formula?

What is the empirical formula for a compound containing 26.57% potassium,
35.36% chromium, and 38.07% oxygen?

“Bi/ the work. one knows the workmen.” - Jean De La Fontaine
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HONORS CHEMISTRY : DETERMINING MOLECULAR FORMULAS DATE:

Objectives: SWBAT...determine the molecular formula for a compound given mass ratio and the molar mass.

DETERMINING MOLECLLAR FORMULAS:

Remember, there is a difference between the empirical formula and the molecular formula.
EMPIRICAL FORMULA:

(All ionic compounds are written as empirical formulas due to the differing sizes of the lattices.)
MOLECULAR FORMULA:
(Many covalent compounds have similar empirical formulas, but different molecular formulas.)

EXD A COMPOUND IS FOUND TO BE 78.14% BORON AND THE REST IS HYDROGEN. THE MOLAR MASS /S
DETERM/NED TO BE AROUND 27.7 G/MOL. WHAT IS ITS MOLECULAR FORMULAZ

Step 1) Determine the empirical formula, if necessary. (For now, ignore the molar mass information.)

Step 2) Determine the molar mass of the empirical formula.

Step 3) Determine the molecular formula using the ‘x-factor’ equation:
X = molecular molar mass (given) / empirical molar mass (you solved)

Multiply the subscripts of the empirical formula by the ‘x-factor’ to get the molecular formula.

Determine the molecular formula of benzene. (Mo\ar mass = 73.1| g/vv\o\. %C=923 xnlk=77

H u
H
MORE ABOUT BENZENE

“Nothing is particularly hard if you divide it into small j ops.” ~ Henry Ford
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HONORS CHEMISTRY nAME _____
DETERMINING MOLECULAR FORMULRS

What are the empirical formula and the molecular formula for resorcinol? It is
65.44% carbon, 5.49% hydrogen, and 29.06% oxygen with a molar mass of 110

grams/mole.

Caffeine contains 49.5% C, 5.15% H, 28.9% N and 16.5 % O by mass and the molar
mass is about 195 g/mol. What are its empirical and molecular formulas?

“The greatest good you can do for another is not just share your riches,
but to reveal to him his own.” - Benjamin Disraeli
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