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Counting by Weight

A banker doesn’t count pennies.

» He know’s how much a penny weighs. If you
give him a bag of pennies he will weigh the
bag, divide it by a pennies average weight and
tell you the bags value.

» A banquet chef does the same.

» If a recipe calls for 2 scallions per serving, he
won’t count out scallions to feed a thousand
folks, he’ll calculate the weight of 2,000
scallions and put baskets of them on the scale
until he gets that weight.

» Chemists are in the same boat.

» Our recipe calls for 2 atoms of hydrogen and 1
of oxygen per serving, to make water. But we
need 1023 servings to fill a thimble with water.

» Just like a banker needs to know the weights of
quarters and pennies, we need to know the
weights of carbon atoms, nitrogen atoms, and
hydrogen atoms. We need the weights of our
elements.
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Counting by Weight

Every flavor atom is made of neutrons & protons. 1A
1| L] 2a 3A 4A 5A 6A 7A | 2
» It’s convenient when we’re working on a : LU B e T
. . 2 i | Be B|lc|[N|oO
molecular scale to have a unit of weight about . iTels w o @ » 2w =[]0 ¢
the size of a neutron or proton. BE ElEE B B NER G
HHEHBBRRRREAMRE
» We call that unit amu (atomic mass unit). INEIRRRRREHEN
» Most interesting molecules are made of carbon.  7Lrlrs | urlwe oo s | e [ o
» The most common isotope of carbon is made o | s
almost entirely of 6 protons and 6 neutrons. - -

» An amu is defined as:

exactly %42 the mass of Carbon-12
1 amu is measured to be 1.6606 x 1024 g.

g (you don’t need to memorize this)

v

» A chef weighing tomatoes doesn’t use the weight of
the largest tomato or the smallest. He uses the
average weight of a tomato.

» Not all carbon atoms weigh the same, if we’re
weighing out carbon atoms we want to use average
weight of a carbon atom.

» How do we get the average weight?
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Weighted Averages

How do you find the average mass of a tomato?

If you have two tomatoes, you add their mass and divide by the number of tomatoes.

200g+100g

200 grams 100 grams

If you have a lot of tomatoes, it might be easier to multiply the amount of tomatoes you have of each mass
by that value rather than add them one at a time.

The number of tomatoes at each mass over the total number of tomatoes is also the percent at each mass —
if 8 of your 10 tomatoes is 100 grams, that’s 80% of your tomatoes.

2x200g+ 8x100g
10

- £ x200g+->-x100g
10 10

=20% of 200g+80% of 100g
= 0.20 x 200g + 0.80 x 100g
= 40g+ 80g
=120g




If you have so many tomatoes you
don’t know the total number, you can
take a sample of them and determine
the percent that are 100 g and 200 g in
your sample.

As long as the sample is a good
representation of the total, it produces
the same average mass as if we added
the mass of all the tomatoes and
divided by the total.

We weight the heavier value 80%
because those tomatoes occur four
times as often as the tomatoes we
apply the 20% weighting factor to.

We might not know how many
tomatoes we have, but if we know 20%
of them mass 200 g and 80% mass 100 g
we know that if we pick up a random
bucket of tomatoes the average mass
for that bucket will be 120g each.

207% of 200g+80% of 100g
= 0.20 x 200g + 0.80 x 100g
= 40g+ 80g

=120g




Average Atomic Mass

» The periodic table only reports one
mass for each element, how does that

work if each element has isotopes of Average atomic

Isotopic mass

different masses? LR (amu) AUIEINES) (7] mass (amu)
» The ratio of naturally occurring
isotopes of each element is known. 63
Cu 62.9298 69.09

» Every time we pour out a sample of

copper, we know 69% of it’s atoms are 65
copper-63 and 31% are copper-65. 29 Cu ‘ 64.9278 \ ‘ 30.91 \ 63.55

» Everytime.
» So we don’t care what the mass of

each isotope is, just what the mass — 62.9298 amu x| 0.6909 = 43.48 amu
on average — of a copper atom. -

» The periodic table represents an 649278 amilt x| 0.3091 = 20.07 amu 't
average atomic mass for that (2:9
element. 63.55 amu | =
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Molar Mass
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Average Atomic Mass

The periodic table only reports one
mass for each element, how does that
work if each element has isotopes of

different masses?

The ratio of naturally occurring
isotopes of each element is known.

Every time we pour out a sample of
copper, we know 69% of it’s atoms are )
copper-63 and 31% are copper-65.

Everytime.

So we don’t care what the mass of
each isotope is, just what the mass —
on average — of a copper atom.

The periodic table represents an
average atomic mass for that

element.
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Average Atomic Mass

1 Cu =63.55 amu 1
18
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The Chemist’s Dozen

A recipe doesn’t always list ingredients by single servings.

Sometimes it uses dozens, score, or gross. 1A
. . . 1 2|24 3A 4A 5A 6A 7A | l:
When you’re cooking for large groups, your recipe might call : T A
for 4 dozen eggs or 6 gross of dumplings. L T S . LA RS R
3I|Na|Mg| 3 4 5 6 7 /8 9 10\ 1 12 |Al[si]|vP
» 1 dozen = 12 singles A G| 5e | T | V| & |vin| re | o | M| Culzn|cnl
S| Rb | S | ¥ | 2t | Nb | Mo| Te | Ru | Rh | Pd | Ag|cal
4 1 score = 20 SingleS " 5: 556 71| 72 7: 74 | 75 | 76 7: 7: 79 |
Cs | Ba Lu | Hf | Ta W | Re | Os Ir Pt Au
> 1 gross = 144 S]ngles 7| Fr [Ra| |Lc| Rf | Db | Sg | Bh | Hs | Mt | D
Working with dozens instead of singles let’s a chef prepareon | & &
a scale 12x his design scale. | Norumetas

We need a chemists dozen.

We need to go from amu things (1 amu = 1.6606 x 1024 g) to
gram things (lab scale).

the tool for going
between molecular scale (amu)
and lab scale (grams).

4

Wecall 6 022 X 123smgles a mole
It’s the chemists dozen. We abbreviate mole as mol.

A mol is a measurement, we will determine it to 4 sig figs
and use it with 4 sig figs for most of this class.

The number of singles in a mol is called
Avogadro’s Number.

A mol is officially defined as the number of
Carbon-12 atoms in 12 grams of pure Carbon-12
(you get the same number)



The Chemist’s Dozen

1 mol = 6.022 x 1023 singles 1

18

1 2 3A 4A 5A 6A T7A r”Z
i 13 14 15 16 17 | He
How many atoms in exactly 1 mol Copper (Cu)? = I EARE
2| Li | Be B|lc|N|oO]|
3/ 11| 12 | 3B 4B 5B 6B 7B i B 2B | 13| 14 |15
| Na|Mg| 3 4 5 6 7 /8 9 10\ 11 12 |Al|Si | P
W20 [21 [22 25 [28 [ 25 (26 [27 [ 28 | 29 [30 | 31 |
232 e K [Ca| Sc|Ti| V |[Cr|Mn|Fe|Co|Ni|Cu|Zn | Ga| Ge
©.022 Q" " ZHoms 5| 37 |38 |39 [40 [ 41 |42 [ 43 | 4a | 45 | 46 | 47 | 48 | 40

’ % b -
ex?c : ST R -~ / Ko ser 23 5| Rb [ Sr | Y | Zr [Nb |Mo | Te | Ru [ Rh | Pd | Ag | Cd
% [ mel CU | mal ¢ 2 2 >0 Aatang ()U 55 (56| |71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 7

Cs | Ba Lu | Hf | Ta w Re | Os Ir Pt Au ] B
T —————— 7 87 | 88 103 | 104 [ 105 | 106 | 107 | 108 | 109 | 110 1 1

T Fr | Ra Lr Rf | Db | Sg Bh Hs Mt D
57 | 58 | 59 | 60 29
Metals La | Ce | Pr [Na|P Cu

. ) 89 | 90 | 91 | 9

How many atoms in 2.53 mol Copper (Cu)? Metalloids | Ac | i | pa 63.55
Nonmetals 47
Ag
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How many mol Cu in 30.5 grams Cu?

Q=D 2mU ~P Zdoms —D mma| TS 2n ezsves wue, /

How many Cu atoms in 30.5 grams Cu?



Atomic Weights / Molar Weights

» Weights are listed in the periodic table without units.
. . . 1A 8A
» The weight listed is the average mass of one atom of : o
. 1 2A 3A 4A 5A  6A T7A | 2
each element, in amu. 2 3115 o 17 |He
2| Li | Be B|C|N|O|F|Ne
4 S [ 123 4 s oes 7B 5 g o[ 13|14 |15 16| 17 |18
Na | Mg 3 4 5 6 7 8 9 10 11 12 Al Si P S Cl Ar
1 gram = 1.6606 x 10** grams = 6.022 x 102} HEHHEHBRRRRRBRBRHABEE
1 gram + 1 amu = 1 mol 5| b | S | ¥ | z¢ |Nb|Mo| Te | Ru | Rh | Pd |Ag | Cd | in |Sn|Sb[Te| T | e
1 gram =1 mol x 1 amu 6| G | Ba| |Lu| fit | Ta | W | Re | s | 12 | Pt | Au| g | T | Pb | Bi | Po | At |Rn
7 27 38 103 11({);1 g)]f 1506 1BOIZ %_(1)8 }\(/][9 1];0 lRll 112 | 113 | 114 | 115 | 116 118
1 a Lr g s t s g L
» That means: e [ZlE]R[R[E]2[E[&]8 s ]S[0]0
| |Metatioids | 3% | 7 | Pa | U | Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No
» 1 mol of anything will weigh in grams, ( R Vol
what a single of that anything weighs in amu.
» If a cat weighs X amu, a mol of cats weighs X grams.
. . . . . 1B —
» That means each weight in the periodic table is: 11 1 H=1.008 amu
. . 29 —
» the weight of 1 atom of that element, in amu e T mol H=1.008 g
. . 63.55
» the weight of 1 mol of that element, in grams & 1 Cu = 63.55 amu
. . s Ag
» Reading from the periodic table... 3 1 mol Cu = 63.55 g

» a hydrogen atom (H) weighs 1.008 amu
» a mol of hydrogen atoms (H) weigh 1.008 g
» a copper atom (Cu) weighs 63.55 amu

13
» a mol of copper atoms (Cu) weighs 63.55 g




Counting by Weight

1 mol = 6.022 x 1023 singles 1

18
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How many atoms in 2.53 mol Copper (Cu)? Metalloids | Ac | i | pa 63.55
Nonmetals 47
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How many mol Cu in 30.5 grams Cu?
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Mapping it Out

Let’s map it out.
Places we go between:
» molecular scale: atoms, amu
» molar scale: mol, grams (and more are coming...)

What gets us there (conversion factors)

» Avogadro’s Number
» Molar Weight (aka Molar Mass)
» Atomic Weight (aka Atomic Mass)

Some Possible Conversions
» How do we go from grams to atoms?
» ¢ — mol — atoms
» molar mass; Avogadro’s number
» How do we go from atoms to mol?
» atoms — mol
» Avogadro’s Number
» How do we go from atoms to grams?
» atoms — mol — grams
» Avogadro’s Number; molar mass
» How do we go from grams to atoms?
» mol = grams
» molar mass

Avogadro’s
number

1 mol =6.022 x 1023

Molar Mass
1 mol Cu= 63.55 grams

grams

/

mol

molar scale

molecular scale ‘

atoms

(& molecules)

Atomic Mass
1 Cu=63.55 amu

amu




Questions?



