1% CHEMICAL CALCULATIONS - RELATING MASS AND ATOMS
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Chemical equohons are written
and balanced in terms of
ATOMS and MOLECULES

- While chemical equations are written in terms of ATOMS and MOLECULES, that's NOT
how we offen measure substances in lab!

- measurements are usually MASS (and sometimes VOLUME), NOT number
of atoms or molecules!
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... SO how do we relate atoms and molecules with things we routinely measure in lab - like
grams and milliliters?



THE MOLE CONCEPT

29
_ A "'mole" of atoms is 6.022% L0 okoms

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



140 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 é}lﬁu ———7\]2,01 9 \

|

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!



141 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.

— IVhD rV\
My = 2431 143 g Mg = mel Mg

"mol" is the
abbreviation for

‘mole’
Example: How many moles of atoms are there in 250. g of magnesium metal?

1%.’5]3 Mj - F’Ylﬂl Mj

mo| M

2504 Mg x 3 =[10.3 mdl mﬂ\

24314 M
N J

Note: Atomic weights are measured numbers, so they DO have
significant figures.
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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?
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o WHAT ABOUT COMPOUNDS? FORMULA WEIGHT

Example: 25.0 g of WATES contain how many MOLES of water molecules?
(Ha0

H, 0 H:2Lx 1,00 = 1.0l6

O*'1.x\b,0o = 600
V%0l L // FORMULA WEIGHT of water

Formula weight = mass of one mole of

15,016 q Ky 0 = mol Hy O either an element OR a compoundl!
y __
28,04 M0 20 7E0 (139 mal el /

Formula weight goes by several names:
- For atoms, 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?

First, find the CHEMICAL FORMULA of | Next, find the FORMULA WEIGHT of ammonium
ammonium carbonafte! carbonate:
/\/H(,!Jr C 031“ Aot 2Lx H.o
=S H - 9 x\,008
Ctl ¥ 1.0
(N A ) LC 0 "\ O - W

T6.0%H o (M) (03 = (g ), Coq

J6.0H 4 (Wlg ), (0

365 mal (WHy),L04 =361 (WHq), (Oy

fho] (NH(T)?.EOB
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PERCENTAGE COMPOSITION

- sometimes called "percent composition” or "percent composition by mass'

- the percentage of each element in a compound, expressed in terms of mass

Example: Find the percentage compaosition of ammonium nitrate.
N"HITJ‘- IUO‘S -

VH, Mo, N2 2 % IH,0] = 16.02

H'H x|.008 2 4.0%2

O° 2 wlboe= H8.00

O . ~
TN 18,004 M oo% = 35,00 ¢/ N

These percentages
40,05 o o y 0

should sum
5 to approximately
: 7 0 100%, but there may
JoHo 4. 03lgH ooy = 6.04 % | e aliftie bif
%0.0S$72 5 Yole] gf rounéjloff error
epending on

which decimal place

O/ ~-
/0 O : Llf€~005 O ‘A\OO% - SC] .C/ 6 U/b O you round tol!
%O,()S’L? J"""“E o
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A few more examples...

A Use FORMULA WEIGHT when relating mass and moles
You have a 250.g bottle of silver(l) chloride (AgCI). How many moles of AgCI do you have?

Hagz /»\9: [y 107.9

CL e I 36,4¢
m.zgfj/\ﬁu = ol (g (|
| Bg (|
C ne j N a7Lf dl ﬂ
1504 Ay Cly 45,30 A 4 ’m\g“
How many grams of NaOH ore[[?resen’r in a 1.50 mole sample of NaOH?
N6 No\"\*m"q
o \*\6;00
H oo | el 00k

= mol NaOH

39.$98 4 Ne.OH
mol Ve OH

1.S0 mol N0 ¥ 960.04 N 6H




CHEMICAL CALCULATIONS CONTINUED: REACTIONS

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

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

2 AL L) «3 B () —>2R18n ()
\ [

coefficients are in terms of
atoms and molecules!

Lators M < 3 wdecdes Br, = Facmile vaike Al B
/l-vnd\ b‘\tgmf)\ BP—L_;{-Z,W\O\ m\\B(B x

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

() - Relafe the moles of one substance fo the moles of another using the equation

@ - Convert the moles of the new substance to mass or volume as desired



