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THE MOLE CONCEPT

2.3
_ A "'mole" of atoms is 6.022% 0 adums

N

Why so big? Because atoms are so small!

- Why - in the metric dominated world of science - do we use such a strange number for
quantity of atoms?

12 e

S —O©

The mole is also defined as the number of carbbon-12 atoms
in exactly 12 g of carbon-12

J-0

carbon-12
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THE MOLE CONCEPT

- Why define the mole based on an experimentally-measured number?

- The atomic weight of an element (if you put the number in front of the unit GRAMS)
is equal to the mass of ONE MOLE of atoms of that element!

Carbon (C): Atomic mass 12.01 o?)s{u ——7\12.01 g \

|

the mass of ONE MOLE of
naturally-occurring carbon atoms

Magnesium (MQ): 24.31 g = the mass of ONE MOLE OF MAGNESIUM ATOMS

- S0, using the MOLE, we can directly relate a mass and a certain number of atoms!



v RELATING MASS AND MOLES

- Use DIMENSIONAL ANALYSIS (a.k.a "drag and drop")

- Need CONVERSION FACTORS - where do they come from?

- We use ATOMIC WEIGHT as a conversion factor.

— 'VhD r\‘\
Mg 2 2431 143 g Mg = I mel My

Cﬂ\'om{t \__

"'mol" is the
abbreviation for
"mole’

Example: How many moles of atoms are there in 250. g of magnesium metal?
24.%) 9 Ny = mol Mg

m
mo| Mg

250, m 1 0.3 mol M
379N 743\ o My 2
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Example: You need 1.75 moles of iron. What mass of iron do you need to weigh out on the
balance?

et 55.85 4 Fe = ml

55.‘%831\:@

mol e

‘75 | FQ %
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WHAT ABOUT COMPOUNDS? FORMULA WEIGHT
Example: 25.0 g of WATER contain how many MOLES of water molecules?
H,0: H:Lw oo =72.0l6
ot v lb,oo = 16-0°
|% .ol bL |— FORMULA WEIGHT of water

FORMULA WEIGHT is the mass of one mole
of either an element OR a compound.

1%“01[33 He D = mol W, 0

|®. 01[73 HLD

Formula weight goes by several names:
- For atomes, it's the same thing as ATOMIC WEIGHT
- For molecules, it;s called MOLECULAR WEIGHT

- Also called "MOLAR MASS'
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Example: How many grams of ammonium carbonate do we need to weigh out to get 3.65 moles

of ammonium carbonate?

Ironslo’re “gmmonium carbonate” N-_ 2 % H 0 |
O a chemical formulal!
» - e G 1,002 Once you know the FORMULA,
MH‘T CO4 + O L you can calculate the
N HLﬂ' C : | x | %.0] FORMULA WEIGHT
‘T xtlb,06
(MHy )y COa O.
76.0%4

6.0 ¢4 g (MHy)q (03> o (wiy), (O3

96 .0 94 (NHL;)Q_,C03
5,65 mol (WHy), (oy X ]

:ES | ﬁ (I\IHLT),LCO3
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- sometimes called "percent compaosition” or "percent composition by mass"

- the percentage of each element in a compound, expressed in terms of mass
Example: Find the percentage compaosition of ammmonium nitrate.

. “ X 4.0y = LEOLy
/\/H%Nog. N L \

. : These numbers are the masses of each
H' 1w loog H.63% / element in a mole of the compound!

O:3y lb.060 = HE 00X
800S2 g VHy MOy 2 Lol NHy MO

))

0 ¢
60,052 o {vhul

%100 % = 3S.0% N

These should sum to
approximately 100%

C% i 4 .,5329 M
60.052 o okl

w00 % = $-0 %R

OA) O ‘L‘L% (0‘057'0
60.05% ¢ {ohul
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So far, we have

- looked at how to determine the composition by mass of a compound from a formula
- converted fromm MASS to MOLES (related to the number of atoms/molecules)
- converted from MOLES to MASS

Are we missing anything?

- What about SOLUTIONS, where the desired chemical is not PURE, but
found DISSOLVED IN WATER?

- How do we deal with finding the moles of a desired chemical when it's in
solution?



& MOLAR CONCENTRATION

- unit: MOLARITY (M): moles of dissolved substance per LITER of solution

dissolved substance

/\/\ | _I_ _ moles of SOLUTE
= MOIArTy - L SOLUTION

5.0 {\A ROl solubivn- C.0 mol HCI
L

If you have 0.250 L (250 mL) of 6.0 M HCI, how many moles of HCI do
youhave? £ 9 mol HC| = L.

6.0 mol HC]

0. L850 L ¢ =(1.S mo\ KO

X'See SECTIONS 4.7 - 4.10 for more information about MOLARITY and solution
calculations (p 154 - 162)
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If you need 0.657 moles of hydrochloric acid, how many liters of 0.0655 M HCI
do you need to measure out?

0O, p
D §$SS mdL Ol L This is too large for typical

lab-scale work, so we should
0.657ms\ L% o5 Sgkgm,sl " = \ %L \ probably pick a more

| I rqoa wl. concentrated solution

if we want to dispense 0.657
/K/moles of hydrochloric acid!

What if we used 6.00 M HCI?
6.00 mol HO) 2L

0.657mst HCY o & :m

6.00 mol HO| ( m L) We could use a 250 mL
- graduated cylinder to

/\/ easily measure this

volume.
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CHEMICAL CALCULATIONS CONTINUED: REACTIONS

- Chemical reactions proceed on an ATOMIC basis, NOT a mass basis!

- To calculafte with chemical reactions (i.e. use chemical equations), we need everything
in terms of ATOMS ... which means MOLES of atoms

2AlL) 3B () 72”18 ()

\ T coefficients are in tferms of
atoms and molecules!

D akoms M) = Bwdlecdes B, =7 Focmuleunike Albeg
) ol ]B‘\ :% vr\o\\ BF—LT— FLW\O\ m\ \B\sz

- To do chemical calculations, we need to:
- Relate the amount of substance we know (mass or volume) to a number of moles

- Relate the moles of one substance to the moles of another using the equation
- Convert the moles of the new substance to mass or volume as desired
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IR + BB (8) =7 LA By ()

* Given that we have 25.0 g of liquid bromine, how many grams of aluminum would we need
to react away all of the bromine? How many grams of aluminum bromide would be produced?

@ Convert grams of bromine fo moles: Need formula weight BC,_ ~ )L % 719.90

159,404 B\rf)_:\w{go\ b2 1G9 . %0
wmol D7 — 0,1564S mal Br
2509 B0, A 159,90 4 B, )

@ Use the chemical equation to relate moles of bromine to moles of aluminum
) wmod A\S Dmol By

2 wol AN

Swmol B,

@ Convert moles aluminum to mass: Need formula weight A~ Lb.7%
L6 96 RlzL mel A
G
L6 959 Al L. 6l Al
1ol &)

= 0O.l1o04%0 mol A\

0 .15 64S mol Bry X

O.10430 ma Al
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You can combine all three steps on one line if you like!

W o mo 9% o N
\59,%05 By, 3mol B, el A
D ©, ®

You can solve the second part of the question using CONSERVATION OF MASS - since there's
only a single product and you already know the mass of all reactants.

...what would you have done o calculafte the mass of aluminum

+  Z:51g R
bromide IF you had NOT been asked to calculate the mass of
27 .5 o A8 Guminum FIRsT?

25 Oy By X

But ...

L mod 602 Lol MBS 166 694 5 M Bry

15.0 ¢ Bry ¥ =L
J - \SCI,‘ADggrl Amol Ve /l_vno\ A\\')Jf3 \-—71 %\9
AR
® ® ® |
convert mass convert moles convert moles
bromine bromine to aluminum
to moles moles aluminum bromide

bromide fOo mass



