81 COEFFICIENTS

- Experimentally, we can usually determine the reactants and products of a reaction

- We can determine the proper ratios of reactants and products WITHOUT further
experiments, using a process called BALANCING

- BALANCING a chemical equation is making sure the same number of atoms of each
element go into a reaction as come out of it.

- A properly balanced chemical equation has the smallest whole number ratio of reactants
and products.

- There are several ways to do this, but we will use a modified trial-and-error
procedure,
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BALANCING

(LAt 50— 3o+ 4Ho

—

6 4
) O

Pick an element. Avoid (if possible) elements that appear in more than one
substance on each side of the equation.

\

Change the coefficients on substances containing this element so that the
@ same number of atoms of the element are present on each side. CHANGE

AS LITTLE AS POSSIBLE!
5 ) Repeat 1-2 until all elements are done.

Go back and quickly VERIEY that you have the same number of atoms
of each element on each side, If you used any fractional coefficients,
multiply each coefficient by the DENOMIMATOR of your fraction.

Use SMALLEST WHOLE NUMBER RATIOS!
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BALANCING

3/\/\8)(/\7—+ 2|\/o\3POL|’_§_> yy\ij(POH)l—\— 6}\J0\(/| L/

(oMo * 20, —> 200, * WO

2 R !

'\S/

To get rid of the fraction (6/2), multiply ALL COEFFICIENTS by its denominator (2).

’Z‘CZ.H'L* 507_ —7 L‘ICOZ/ "“'1H'LO

HaS00 + ZNaOH —>  NaySO,+ 2H,0 “

* Start with 'S", since "H" and "O" both appear in multiple compounds on each side.
* Then, balance "Na’,

* Next, balance "H" (it's easier to do than "O")

*Finally, balance "O" (and by this time, "O" is already balanced)



84

CHEMICAL CALCULATIONS - RELATING MASS AND ATOMS

N (04 +2LHO —3 _H 0+ 0y + 2 Nu()

i

Chemical equq’rlons are written
and balanced in ferms of
ATOMS and MOLECULES

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

- measurements are usually MASS (and sometimes VOLUME), NOT number
of atoms or molecules!



85

THE MOLE CONCEPT

2L
_ A "'mole" of atoms is 6.022% 0 adums

N

Why so big? Because atoms are so small!

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

1l e

> O

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

g o

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 fo the mass of ONE MOLE of atoms of that element!

Carbon (C): Atomic mass 12.01 oyl —7\-\12.01 . \

|

the mass of ONE MOLE of
naturally-occurring carbbon atfoms

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

- S50, using the MOLE, we can directly relate a mass and a certain number of atoms!



¥ 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.

= | mol M
M, 243 L3 g My = 102 )
CP‘ Fomi C "mol" is the
m nSS abbreviation for
"mole’

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

'7_['1-%)3 Mﬂ = o) W\ﬂ

mol

4. 339 ME’J

280, Mg ¥ LO 3 ol Mg
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Example: You need 1.75 moles of iron. What mass of iron do you need to weigh out on the

palance? F.e’. QS.%SSFQ gl ww\ FQ

$S5.5S _ Fe
l..'7gw\o|FQ¥ 3 1\9773\_{6

mo| ‘e
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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:2Lxl1o00g=72.0l6
o+l % lb,oo = 16-°°
|% .01l b |~ FORMULA WEIGHT of water

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

15,016 44,0 = mol HqyD

mc] HLD

|%‘O|G3Hzo

13,03%0*_ :\|,39w\ Hq,O\

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?

Translate "ammonium carbonate”

to a chemical formula: Moy 1,0|
NHyt (04 H*% *!,008  Onceyouknow the FORMULA,
£ s you can find the FORMULA
NH,, Co [ ¥ pch
. 00
(NHH)‘LCOB O+ 3 ¥l
6. 094

F6.094 9 (WHy), (Oy = mo) (HH,,,)lcog

F6.094 9 (WHy), (O3
lmC)] (HH({)_{‘COB

3,65 mol (M), (04 % 2|35 4 (WHy)L (0




