) BALANCING
3/\/\2) C/\L+ ,)_MO%VOH"‘% ms3(()014>l‘\" 6 N&\Cl /

(oM, 250, —> 2D, * W0

¥ \
2

... but we need WHOLE NUMBER coefficients ... not fions. Since the coefficients
are RATIOS, we can simply multiply all the coefficients by the denominator of our

fraction (in this case, 2) ... we'll get whole numbers!
1 oMy« SO —> (0, *1H0]

HQ_SOL\"r VYN OH —> /\/O\ISDL"V ) H,.O

1) Skip H, balance S instead (H shows up twice on the left)
2) Skip O, balance Na instead. (O shows up in all four compounds)

3) Balance H, since it shows up fewer times than O.
4) Balance O. (O is already done!)
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CHEMICAL CALCULATIONS - RELATING MASS AND ATOMS

 Na (0, + 2R —5 H O+ €Oy + L NwC)

i

Chemical equcmons 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!
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THE MOLE CONCEPT

13
_ A 'mole" of atoms is 6.022% L0 okums

N

Why so big? Because atoms are so small!

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

11 e

S 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 to the mass of ONE MOLE of atoms of that element!

Carbon (C): Atoric mass 12.01 Gyl —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

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



o 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,
2 _ S

"mol" is tThe
abbreviation for
"mole”

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

LD /VlEj = wo| My

woo | Mﬁ -
130 Mg ¥ A 0.3 ol g

Atomic weight is a measured number - in other words, it
has significant figures. Usually, we can find atomic weights
with larger numbers of significant figures if we need them!
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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?

§5%83F€, s VY\O\ F@

56,
\wjgmd\ FC}Q %SSFC 247,—]
V'f\f}\ F@ E)

e
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WHAT ABOUT COMPOUNDS? FORMULA WEIGHT
Example: 25.0 g of WATER contain how many MOLES of water molecules?
Hq, O H'2Lw 1003 = 2.0l6
ot % lb,oo = [6-0°
|% .01k |~ FORMULA WEIGHT of water

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

\ €016 4 Hyo = wmol HaO

y

LS00 Wao mol Ha0 2.3 9
(j |q, Y \(601(99 H.bo ,?) Imr)L HLO

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?

Find the folula of the Once we find the formula, we can calculate the
compound first! formula weight, then find out the mass of
+ 9 ammonium carbonate we need.
NH." Co
> N oLy Mo \
Nt
by A %y Loog
(_wathéo?b C - | ¥ \1.0)
O 3 )2 \o .00
?6 .0 Y

76.0%Y q (W), 004 = mo) (Mhy) Lo,

T6.0%4 , (vuy). (o
b6 ma (i) (03 x ——— I TE 2S5 () (o,
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- sometimes called "percent composition” or "percent compaosition by mass'

- the percentage of each element in a compound, expressed in tferms of mass
Example: Find the percentage composition of ammonium nitrate.

/\/HH’I\/OSZ N LXIH.0) :'L‘K,O?_\\
H° Y v l.00g - H.632¢—

O: 23y lb.00o = %%,00\/
80,052 g VHyMOy 2 Lmdl NHy MO

These numbers are the masses of each
element in a mole of the compound!

LS. 0L o NV

O . A heck, all

/o /V » £ Y\UU‘% = ’S g ;O % A/ ofST?\eCseeC :
%0.0872 g ¢v | percentages

should sum
o 100% - within

O \”’\ ' L{‘()%Z 3 H U roundoff error.
o'l Ylopes =
/ €0.062 g tuta A S.0 AH

O/O ok HG.00q O Yloneg 2 GO.C%O

%0.042 g tv'tal




”  So far, we have

- looked at how to determine the compaosition by mass of a compound from a formula
- converted from 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?



7 MOLAR CONCENTRATION

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

dissolved substance

/\/\ | . _l_ _ moles of SOLUTE
= MOIArTY - L SOLUTION

Q,D M RClI §0\U'\’wn'. G.O m ol H(/\
L

If you have 0.250 L (250 mL) of 6.0 M HCI, how many moles of HCI do
you have”?

(')‘(J "o | HC\ il I

6,0 mol HCL
0. S0 L w2 118w vicl

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?

O.0888 mul M| ol O

This is way foo large for
typical lab-scale work.

O.(ySTml ACL L “ll\lffé(_ﬂ We should use a more
O.,06¢¢% mo| H (| concentrated solution!
Wl ool
What if we used 6.00 M HCI?
G.06 ol Hey - L.
O, L. . 110 mL is a much more
6S mol HCL 2| © WO L | raasonable lab
L.0OG mul M| volume - easily measured
W O0.wml

with common
lab devices.



