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Counting by Weight

A banker doesn’t count pennies. i
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Counting by Weight

A banker doesn’t count pennies. i o
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» He know’s how much a penny weighs. If you 2 : R | e
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» Abanquet chef does the same. AR EEEEEHEEEE
» If a recipe calls for 2 tomatoes per serving, he I e A E

Metalloids | o | 7 | pa

won’t count out tomatoes to feed a thousand el
folks, he’ll calculate the weight of 2,000 —
tomatoes and put baskets of them on the scale

until he gets that weight.

» But tomatoes don’t have a single weight, like
pennies do.

» They come in different sizes.

» So the chef needs to know the average weight
of his tomatoes.




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

200g + 200g +100g +100g +100g +100g +100g +100g +100g +100g

=120g




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

2 8
=—x200 +—xlOO
10 g g

=20% of ZOOg+ 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.

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

=120g
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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 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 102 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.

» It’s convenient when we’re working on a
molecular scale to have a unit of weight about
the size of a neutron or proton.

» We call that unit amu (atomic mass unit).

» Most interesting molecules are made of carbon.

» The most common isotope of carbon is made
almost entirely of 6 protons and 6 neutrons.

» An amu is defined as:
exactly %2 the mass of Carbon-12
1 amu is measured to be 1.6606 x 102 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?

1A
1

1
o,

2

3

4

5

B8
Li

4
Be

11
Na

12
Mg

3B

4B 5

6B

7B

8B

10

1B 2B
11 12

3A
13

13
Al

19
K

20
Ca

21
Sc

22
Ti

23

24
Cr

25
Mn

26
Fe

27
Co

28
Ni

29 | 30
Cu | Zn

~| Rb

37

38
Sr

39

40
Zr

41
Nb

42
Mo

43
Tc

44
Ru

45
Rh

46
Pd

55
Cs

56
Ba

71
Lu

72
Hf

73
Ta

74

75
Re

76
Os

77

87
Fr

88
Ra

103
Lr

104
Rf

105
Db

106
Sg

107
Bh

108

Metals

Metallo

Nonme

ids

etals

57
La

58
Ce

89

90
Th

59
B
91

60 | 61

Nd

109
Mt

78
Pt

11(
D

47 | 48
Ag | cd

31




11

» Counting by Weight
» Counting Coins (constant weight)
» Counting Tomatoes (average weight)
» Counting Atoms

» The amu o

Isotopes, Natural Abundance

» The Chemists Dozen, the Mole
» Defining the Mole
» scaling between amu and grams
» calculations with mols
» New Conversion Factors
» Avogadro’s Number

» Formula Weight
» (aka Molecular Weight, Formula Mass)

» Molar Weight (aka Molar Mass)

» Mapping Problems
» ¢ —= mol ; atoms = mol ; g = atoms

Counting Atoms

» Using Chemical Formula

» Moles of Molecules
» Moles of Atoms

12 | 3B

4B

»

5B

6B

Formulas as conversion factors

7B

8B

10

1B
11

2B

» Molar Mass of Compounds

20 | 21
Ca | Sc

22

23

24

25
Mn

26
Fe

27
Co

28

29
Cu

30
n

38 | 39
T

40

41
Nb

42

43

44
Ru

45
Rh

46
pd

56 71
Ba Lu

72
Hf

73

74

75

76

77

88 103

r | Ra Lr

104
Rf

105
Db

106
Sg

107
Bh

108
Hs

Metals

Metalloids

57

58

89
Ac

90

Th

59

T
60 | 6

Nd

109 1

Mt

78
Pt

Ag

Cd




Average Atomic Mass

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

work if each element has isotopes of Isotopic mass Average atomic

different masses? kiEiigs (amu) AHIUTEETNSE (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 63.55
copper-63 and 31% are copper-65. 29 Cu 64.9278 30.91 '

» 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 64.9278 amill x| 0.3091 5 20.07 amu !
average atomic mass for that é9
element. 63.55 amu 63_‘5‘5

47 |

Heat
va oer?z:; Electron beam Ag
Eam le ionizes sample Electrically ‘
p charged Magnets Lightest Detector . :
plates particles
ample i /’,/;\
Sample . \%, /\jl;%
b > ‘. : 30.91
\ | \ s
7 Heaviest
= particles

Beam of
charged particles
Magnetic field separates particles | | | | |
based on ratio of mass to charge. 62 63 64 65 66

Mass

Abundance

Electric field
accelerates particles




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.
Every time.

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 gives us an average
atomic mass for that element.

Heater
vaporizes Electron bearln
sample ‘\ ionizes sample
Sample !E e
Beam of
charged particles

Electric field
accelerates particles

Mass

1A i IIB 8A
1 18
1 29 2
1| H | oaa Cu 3A 44 5A 6A  7A | He
1.008 7
2 63.55 13 14 15 16 17 | 4.003
| 3 4 5 6 7 8 9 10
2| Li Be 47 B C N o F Ne
| 694 9.012 Ag 10.81 12.01 14.01 16.00 | 19.00 | 20.18
11 12 — 13 14 15 16 17 18
3] Na | Mg 3B 4B 5B 6B 7B ——8B- | ™ B Al Si P S cl Ar
22.99 2431 | 3 1 5 6 7 8 9 10 11 121 2698 | 2809 | 3097 | 3206 | 3545 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 85 36
4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
3910 | 4008 | 4496 | 47.87 | 50.94 | 52.00 | 54.94 55.85 5893 | 58.69 | 63.55 | 6538 | 6972 | 7263 | 7492 | 7896 | 79.90 | 83.80
37 38 39 40 41 42 43 | 44 45 46 47 | 48 49 50 51 52 53 54
5/ Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | 8762 | 8891 | 9122 | 9291 | 95.96 (98] | 101.07 | 10291 | 106.42 | 107.87 | 11241 | 11482 | 11871 | 121.76 | 127.60 | 126.90 | 131.29
55 56 57 72 73 74 75 | 76 77 78 79 80 81 82 83 84 85 86
6| Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
13291 | 137.33 | 13891 || 178.49 | 180.95 | 183.84 | 18621 | 190.23 | 192.22 | 195.08 | 19697 | 200.59 | 204.38 | 207.2 | 20898 | (208.98] | [209.99] | [222.02)
87 88 89 1 104 105 106 107 | 108 109 110 111 112 113 114 115 116 117* 118
7| Fr Ra Ac || Rf Db Sg Bh Hs Mt Ds Rg Cn Fl Lv
[223.02) | [226.03] | [227.03] || [261.11) | [262.11] | [266.12] | [264.12) | [269.13] | [268.14) | ([271] | [272] | [285] (289) [292)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
140.12 | 14091 | 14424 | [145] | 150.36 | 151.96 | 157.25 | 15893 | 162.50 | 16493 | 167.26 | 16893 | 173.05 | 174.97
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Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
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Electrically
charged Magnets ~ Lightest Detector 69.09
plates particles
3 30.91
i=]
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Average Atomic Mass

Important:
This is about 63" protons. No copper atom has ever weighed this.
1 Cu = 63.55 amu Protons don’t come in ¥2’s. This is an average weight.

.1
’ . ]m 2A 3A 4A 5A 6A TA [ ?P
What’s the average weight of a copper atom? e T AL
2| Li | Be B|lc|N|oO]1
5/ 11| 12 | 3B 4B 5B 6B 7B 8p 1B 2B | 13| 14 |15
INa|Mg| 3 4 5 6 7 /8 9 10\ 11 12 |Al|Si| P
o 19 20 [21 [22 [23 24 [25 [26 [ 27 [ 28 [ 29 | 30 | 31
2 ¢3 S5 2, % K [Ca|Sc|Ti |V |Cr|Mn|Fe|[Co|Ni|[Cu|Zn|Ga G
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/ CU bt o e e e (£ 55 Sy S| Rb | sr| Y | Zr [Nb |Mo| Tc | Ru | Rh | Pd | Ag | Cd | |
l C’ 55 | 56 71 72 73 74 75 76 77 78 79
J 6 Cs |Ba| |Lu| Hf | Ta [ W | Re [ Os | Ir | Pt | Au 1B
87 | 88 103 | 104 | 105 | 106 | 107 | 108 | 109 | 11(
7| Fr |Ra||Lr| RE | Db | Sg | B | Hs | Mt | D 11
57 [ 58 [ 59 [ 60 | 61 29
, . Metal3 La [Ce | Pr|Nd|P Cu
What’s the weight of 17 copper atoms? vetalods | & | 20 | &1 aie
Nonmetals 47
Ag
©s ; = / :
/ % = /08401 EMU /Dc?O. am o

er

Sy

S /
e " Problems:

- we need a ratio of atoms for our
How many copper atoms in two pennies? recipes (ie H-0)

- in the lab we want to use grams

(a penny weighs about 3.0 grams, an amu = 1.6606 x 1024 g) - we don’t want to have to

convert to amu every time we
need to count atoms
- and x1024 is awkward number to
work with anvwav.
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(COO{S&-> Yl =  Lodc o

?eﬂ"“/ ) % —> 2mu = 2tons

3106 [ 2y [ Gu

= 4‘,626"{%*((321
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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. "
1 5 5 1| Ll2a 3A 4A 5A 6A  TA l:'
When you’re cooking for large groups, your recipe might call : n %% ezl
. 3 | 4 5 [6 [ 7] 8 f
for 4 dozen eggs or 6 gross of dumplings. T S -1 R A
3INa|Mg|3 4 5 6 7 /8 9 1w\ 1 12 |Al|si|p

> 1 d — 12 1 l ol 192021 2223 [24]25]2 [27]28]29 |30]31] 32
Ozen - S]ng es K Ca | Sc Ti v Cr |[Mn| Fe | Co | Ni [Cu | Zn | Ga G
5| 37 |38 [ 39 [ a0 [ a1 [ 42 (43|44 |45 a6[47 5]
. °/Rb | St | Y | Zr [Nb|Mo| Tc | Ru | Rh | Pd | Ag | Cd
» 1 score = 20 singles sl nlnlals 67 s
| Cs |Ba| |Lu| Hf | Ta | W [ Re [ Os | Ir | Pt | Au
87 | 88 | [103] 104 | 105 | 106 | 107 | 108 | 109 | 11
Fr Ra Lr Rf | Db Sg Bh Hs Mt D

» 1 gross = 144 singles

57 [ 58 [ 59 [ 60 |
La [ Ce | Pr | Nd | P

Working with dozens instead of singles let’s a chef prepareon — &

Metalloids

a scale 12x his design scale. Nommetals

We need a chemists dozen.

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

e

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

4

Wecall 6 022 X 1023smgles 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

1A
1

8A

1 2 3A 4A 5A 6A 7A F”
: 13 14 15 16 17 e
How many atoms in exactly 1 mol Copper (Cu)? T STeT7 5]
Li Be B C N (o] I
5/ 11|12 | 38 4B 5B 6B 7B 8p B 28| 13)| 14|15
T Na |Mg| 3 4 5 6 7 8 9 10\ 11 12 | Al | Si | P
i 1 19 20 21 22 23 24 25 26 27 28 29 30 31 32
232 f = : — K Ca Sc Ti v Cr |[Mn| Fe | Co | Ni [ Cu | Zn | Ga | G¢
D22 »t 37 | 38 | 2 E 4 3
ereel, | mol Co il F /a.ozzx@zs o/ EENEREREREL]a]
- = 1
] l \ 'a"W“S' - 6l 55 |56 (|71 | 72 (73| 74 |75 | 76 | 77 | 78 | 79
ma Cs |Ba| |Lu| Hf [ Ta | W [ Re | Os | Ir | Pt | Au 1B
a0 | HEE 11
= 29
Metals IZ Zi ;’3 | ;\]l:] ‘ |"\‘ Cu
2 y 89 9 | 91
How many atoms in 2.53 mol Copper (Cu)? Metalloids | X | 1h | s 63.55
Nonmetals 47
Ag

(.022% (075 adymg )

16‘ o 0 L - 5 Z'Y
253 mel Cu e = [15235Fx(D i )

T —

o/

. e
| 1162%0 "

How many mol Cu in 30.5 grams Cu?

/

Q= emy 2 zHomg =2 nal

e ——

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 18
. 1 H 2A 3A 4A 5A 6A T7A 2
each element, in amu. 2 ESTERTESIE
2 i | 5l e % |0 |ne
Li e e
> dEAEA I A e e i A 1 1 FL A
1 gram + 1.6606 x 1024 grams = 6.022 x 10%3 HERHEERERREHEEREEEREREEREREEE
1 gram + 1 amu =1 mol 5| Rb | St | Y | 20 | Nb | Mo | Te | Ru | Rn | Pd | Ag | Cd | In | Sn | Sb|Te| T | xe
iy r o i < u g n n e {
1 gram =1 mol x 1 amu 6| & | Ba | |Lu| Hit | Ta | W | Re | 0s | 1+ | Pt | Au | g | T | Pb | Bi | Po | At | Rn
7 87 | 88 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
Fr | Ra Lr | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg L
» That means: e [FlER]ala]e]ala]e]s g0 ]a]n
*Metalloids 89 920 91 02 93 94 95 96 97 98 99 100 | 101 | 102
L Ac | Th | Pa U [Np|Pu|Am |[Cm | Bk | Cf | Es | Fm | Md | No
» 1 mol of anything will weigh in grams, ( o
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 :Z; 1 Cu = 63.55 amu
» Reading from the periodic table... ’ 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

18
» a mol of copper atoms (Cu) weighs 63.55 g
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New Conversion Factors

You are responsible for these
conversion factors, a periodic table will be
provided.

Avogadro’s Number
1 mol = 6.022 x10% singles

Atomic Mass
1 copper atom = 63.55 amu

Molar Mass
1 mol copper atoms = 63.55 grams

20

8A
E 18
1 2A 3A 4A 5A 6A A | 2
2 13 14 15 16 17 | He
ol 3 | 4 5 16| 7| 8] 9|10
Li | Be B|C|N|O|F|Ne
3/ 11| 12| 3B 4B 5B 6B 7B o 1B 2B | 13| 14| 15 | 16 | 17 | 18
Na | Mg | 3 4 5 6 7 /8 9 10\ 11 12 |Al|Si| P | S |Cl|Ar
4| 19 (20| 21 | 22 [ 23 | 24|25 |26 |27 [ 28 |29 |30 |3l |323|34]35]36
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Rb | Sr Y] Zr | Nb | Mo | Tc | Ru [ Rh | Pd | Ag | Cd | In | Sn | Sb | Te I Xe
6| 55 |86 | |71 | 72 | 73 | 74 | 75 | 76 [ 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba| |[Lu| Hf | Ta | W | Re | Os | Ir | Pt | Au [Hg | Tl | Pb | Bi | Po | At | Rn
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Fr | Ra Lr | Rf [ Db | Sg | Bh | Hs | Mt | Ds | Rg
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etaly La | Ce | Pr [ Nd |Pm |[Sm | Bu | Gd | Tb | Dy | Ho | Er | Tm | Yb
Metalloids | 8 | 90 [ 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102
etalloids | 'Ac | Th | Pa | U | Np | Pu |Am |Cm | Bk | Cf | Bs | Fm | Md | No
Nonmetals
1B
11
29
Cu
W 6355 |
47
Ag




Atomic Mass & Avogadro’s Number

Elements like Copper (Cu)

» Two important conversion factors:

» Molar Mass/Atomic Mass Molar Mass
(the average mass of atoms of that elements) 1 mol Cu= 63.55 grams grams
» We get this from the periodic table

» It tell’s us the weight of: /

» 1 mol of a substance (in grams)
| mol
» 1 atom of a substance (in amu) [
g‘)@m S —> Y Mut
| mo/
15 Cy - s 0,260 mel i Avogadro’s molar scale o
(’3 S5 3 number o o © 0606 0606060 0 0 0 0 0 Oberdidbling ?

1 mol = 6.022 x 10?3

» Avogadro’s Number

molecular scale ‘ Krottenbachstrabe
» 6.022 x 1023

Gersthof

» It’s a measurement Wishringer

Strake ra

» You have to memorize it molecules Hernals O s
Allg.Krankenhaus schotten

» It let’s us go from the moles to molecules & atoms Alser iabe fsohorent
or atoms Ottaking Strabe  ff Rathaus

Thaliastrake
- Stadthalle

“olks-

I’WO( — )’Ho/ro(f’u/:’.‘: theater

¢.022 (ol e Atomic Mass
R Ll ae o 1 Cu=63.55 amu

O.260mol Cu *

stbahnhof W Pilarama.
dorfer Str. o
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Counting by Weight

1 mol = 6.022 x 1023 singles i o
1 2 3 4A 5A eA 7A F”
: 13 15 6 7 e
How many atoms in exactly 1 mol Copper (Cu)? T STeT7 5]
Li Be B = N (o] I
5/ 11| 12 | 3B 4B 5B 6B 7B 8p 1B 2B | 13 | 14 | 15
| Na|Mg|3 4 5 6 7 /8 9 10\1 12 |A|Si P
e IECH TN TN TN SN T N N A N N
023 s : - K Ca | Sc | Ti \4 Cr [Mn| Fe [ Co | Ni | Cu | Zn | Ga | Ge
D22 >t 240 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 4
ZX?O%, [ mol CU 2 S s -~ / i O 22 ,e,o73 Bdang (2 / 5/ Rb | sr | Y | Zr |[Nb|[Mo| Tc | Ru | Rh | Pd Ag |cd |
\ - o ) 55 | 56 71 72 73 74 7 76 77 78 79
I mal 6l cs |Ba| |Lu| Hf | Ta | W | Re | Os | Ir | Pt | Au 1B
—— 87 | 88 103 | 104 | 105 | 106 | 107 | 108 | 109 | 11(
e 7| Fr |Ra||Lr| RE | Db | Sg | B | Hs | Mt | D 11
= 29
<) 6( [ 61
Metal} IZ Zi Pt ’ NL" P Cu
How many atoms in 2.53 mol Copper (Cu)? Metaloids | 3¢ | 1 | . 63.55
Nonmetals 47
1 Cu = 63.55 amu Ag

(.022% (0% adyms,

2'5‘5 e ( Gu e
| mel

1 mol Cu=63.55¢

- 2y
= /5'235"»?-></D 2o mg OU

T —

o/

. e
| 1162%0 "

How many mol Cu in 30.5 grams Cu?

—> el |
= %"'Gﬁc‘” . 2 = U AAdERl x (™ wmet (y e
L3.55 / /
S 7 / / 4
2 4 4 o [o:450 mel Cu [ T
How many Cu atoms in 30.5 grams Cu? 7 |

CS —_ l”w&‘ —> 'C"+Drv1$
ol ¢ .022 >r(01\3 X

20.5 @ = > : 2
N ~ 2:890 |89 %10
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3
B roms

[ 2,89 w0 aﬁw

2 A




How many atoms?

A gold ring weighs 1.24 grams. How many atoms of gold are in it?

24

(49, 9% 2/, |

23 single 2homs

(022x(0 e
2tuns /'ZVS / r‘}’!ol é«OZZX/OZB
[elne > == e g
}mm,g & 7:95 oo
—‘/_.-——————\.\:\

:/% 7350 ?’7"0”43/

e



How many grams?

An experiment calls for 4.3 mols of Calcium atoms, how many grams of pure calcium should you weigh out?

25




Weight of 4 atoms?

A phosphorus molecule is composed of 4 atoms of phosphorus. What is it’s weight in AMUs?

- amy
= 20,90 ——=u
>, t /+ ?r}"p,r)
20199’?//1(/
Z'F/vrfg? . TN ™~ e <
é/ : | 279 m / Z .?DC)( S =4
/23 (? St (o




27
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The Molecular Blueprint

» Chemical Formulas Identify Compounds

» We use them as shorthand to name of a substance
(“Pass me the H,0”)

» Chemical Formulas indicate
the composition of a substance.

» Each element is indicated with it’s symbol.

» The a subscript indicates the total number of atoms of

that element.
» Subscripts of 1 are omitted.
» Omitted subscripts mean 1.

» Parenthesis are used to indicate groups of atoms.

6+1 Carbon Atoms
» Chemical Formulas may contain hints of the connectivity of

2+3 Hydrogen Atoms the atoms.

3 NO; Groups » Chemical Formulas may show a CHs group of atoms and three

3 (3x1) Nitrogen Atoms NO, groups of atoms are bonded to a C¢H;, group by writing:

6 (3x2) Oxygen Atoms C6H2(N02)3CH3

instead of: C7H5N304




Problem:
You have 2.85 mols of C¢H2(NO2)3CH3 (trinitrotoluene). How many atoms of oxygen do you have?

Solution




Molecular Weight/Molar Mass

» Molar Mass also applies to molecules and compounds.

» We know the atomic weight of elements,
what one atoms weighs in amu and
what one mole of atoms weigh in grams.

» We can use that information to figure out for compounds what

one molecule weighs or one mole of molecules weigh.

What is the molecular weight of CO7? (in amu)

|

e @ adon, IZ,:OII‘T:‘MV

{
2 O zto 22:000=my (2% 16:005,)

{
\ C’OZ = "—/4.01 Py

What is the molar mass of CO2? (in grams)

\
1201 " gqems

s C

Zsl © (Zwemo%\

2200 { q§5r1'y.xﬂ3

iy

| mal €O, = FH01, qemmn,

\

What does 2.57 mol of CO; weigh?

“4.0l 2
OB S = . 1R IG5
Skupel £ \ mel GO, 3 7S
2 & e [ kR o O s LN

llA 8A
18
' 2A 3A 4A S5A 6A 7A | 2
2 13 14 15 16 17 | He
2| 3 4 5 6 7 8 ¢
Li | Be B|l|Cc|[N|oO]| 1
8 o
5/ 11| 12 | 3B 4B 5B 6B 7B N 1B 2B | 13| 14| 15
| Na|Mg| 3 4 5 6 7 /8 9 10\ 11 12 |Al[Si | P
4| 19|20 (21| 22|23 (24|25 (26|27 28]2 |30]31
K [Ca|[Sc|Ti |V |Cr|Mn|Fe|[Co|[Ni|Cu|Zn|Ga |G
| 1

5[ 37|38 |39 |40 | 41 42 | 43 | 44 | 45 | 46 | 47 | 48
“| Rb | Sr Y Zr |Nb |Mo | Tc | Ru [ Rh | Pd | Ag | Cd
55 | 56 71| 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79
Cs | Ba Lu | Hf | Ta w Re | Os Ir Pt Au

87 | 88 103 | 104 | 105 | 106 | 107 | 108 | 109 | 11
Fr | Ra Lr Rf | Db | Sg Bh Hs Mt I

10 =16.00 amu

57 [ 58 [ 59 | 60 | ¢

_Mclals La | Ce | Pr | Nd ':
eaons | 8 [ 2 [ 51 1 mol 0 =16.00¢g
| |Nonmeta 1C=12.01 amu

TmolC=12.01¢g

How many moles of CO; are in 53.256 grams?

lne! CO2

——E RS —: s

L{C(.D!c\}‘

( f?._IO 0%01 CDZ./(QS*S
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Molecular Formula & Molar Mass

Molecules like Water (H.0)

» Two more conversion factors.

Molar Mass
1 mol H2O = 18.02 grams

» Molecular Formula (& Empirical Formula)
» It let’s us understand the composition of

molecules. /
» We can use it as a conversion factor to go
from molecules to how many atoms of any mOI
kind are in that molecule. H.O "
Nuk
MO(PCJL’S Hz O = 5”\}445‘ H
o Avogadro’s molar scale i
72§ Mo‘pgu/as /’}‘ZO 9 / /,/ = //VS’D ;J—/o,))s )L/ number o o © o060 0600060 00 0 Oberddbling
o = 23
2 I mol=6.022x 10 molecular Scale ottenbachstrake
» Molar Mass/Molecular Mass ‘ VA
be

» It relates weight to mols for whole e
molecules. molecules KFankenhaus g
H-O Molecular Mass lser Strabe

1 H,O=18.02 amu

mol —> gems

Rathaus

Thaliastrake

Molecular Wolks-

16.02 Stadthalle M theater

2.8 mol HZ0 —————"ﬁ/ " = Y o540 Formula $15 545 Bt Sy Vs
s Hiitteldorf

1HO0=2H

a m U dorfer Str.
genfeld L
atoms S
Niederhofstr. A




Problem:

Your experiment requires 4.26 mols of magnesium chloride (MgClz). What mass of
magnesium chloride do you weigh out for this experiment?

Solution

@ zérel 0y ——— % = 14903y, CO

; \ : "'/,' 2 / = N\ .
@ ﬁf g molTu— m (‘15,5 ( "2"'/' V;ssfmg e > Q
o CO, 2

N

. /
boai@ oo s ool ik Jm s L

=
Q 2 Gume Sufiokie i oe o g k)

+ )

Y40l 4 CO

>

! e ‘ (ﬁ,rﬁa

i 2 ——————



Problem:

Your experiment requires 4.26 mols of magnesium chloride (MgClz). What mass of
magnesium chloride do you weigh out for this experiment?

Solution

@ f:f/t_c/ molrr mag < 55y !
S Q Mol = Q\

o MoyClp Q
Mg, 2431 g /o |
(o (MQ\ = \(2@/‘3.3 e
2 (el =2(351%8)= 70,40 ¢
. /f-"ﬁ his.a
NP = ‘. 8
M8 o 95,21 g fmg |




Problem:

You do an experiment that produces 15.35 grams of nitrogen trioxide (NOs).
How many moles of NO3 were produced?

Solution
D Hnd molzr mass @ ,
- (:ﬁ\ > | ' |
: o g’ /\/03 .
/\/ /[7// /,“. “ ..................................................................................................................
: C L) e ik \ ]
'> - !(Q(Og) ,_3///"b!‘>[ Q‘) .\j : \“ ( ( {L/( O/ - (<D /5
: > (0 = 2 4 ¢ OQ‘\\ ~ YE£ “JD,;;_:
@ 7 IDI f;: %
J
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Questions’




