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CHEMICAL CALCULATIONS - RELATING MASS AND ATOMS

~ Na (0, + LR —5 HL O+ €Oyt 2 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 ~©

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.

= o\ M
Mg 3 24-3) LSl g My = 12 S
CP‘ Fom C "mol" is the
M (nSS abbreviation for
'mole”

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

PA "S\ 9 /Vlj = mol mﬁ

' m ol /V}ﬁ _
/ZSO &/Méx 7_&\ ,’S\Q/M/j ~‘,O.g m0| /\/13 /
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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?

Use ATOMIC WEIGHT to relate mass and moles for an element:

SS,%QSFQ = el F@

SS,%ggFe

AN
.7 mXMQ

97,79&
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WHAT ABOUT COMPOUNDS? FORMULA WEIGHT
Example: 25.0 g of WATER contain how many MOLES of water molecules?
|‘|q,o ‘ H:Lwl.00% = 2.0l6
ot % lb,oo = 16-0°
|% .01k |~ FORMULA WEIGHT of water

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

1%, 0\ 5, PO =mal Hh O

J

1 q, 0 mel 1y 0 il | AP o] F 0
§03H1 Yl%,o\bgwo 1,39 mol o ,

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 FORMULA of | Then, find the FORMULA WEIGHT

ammonium carbonate; /\/ 1
’ Y,
N HL|+ C O ?D ) ! ’ \
He 9% 1.00%

N #y* Coo Y1204
(NHLJL(OB 0% %% (.00

?6‘09)./] f)(JUHLf)'L(O'B = mo (MH[’I)'?.(GZ

Finalle, do the mass-mole conversion:

gibg ol (NHH)'l(Os}C 96.09Y 3(&/”9)1(03

AT

35|y (M) Loq




91 PERCENTAGE COMPOSITION

- 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.

/\[H%/\/og: N LXI4.0) =
MY v l.00¢ =

o .’2%.019/\} -
N %100 %

%0. OSL 4 to b

(9/{)}4( 4, O?:'L H \(]uo%: SCDL\% H
010329}‘0PL|
(Q/DO,1 UE0y L ¥|Uo%tg(}‘9£%o

%D.Ugl 3 &‘U"'{-l

Z‘K,O ?_\\
These numbers are the masses of each

L e
L.63% element in a mole of the compound!

H ¢ ,oo’\/
80,052 g VHy MOy = wol NHy MO

35,00% M

Check: These
percentages should
sum to 100% (within
roundoff error)




”  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

/\/\ m | r._l_ _moles of SOLUTE
= olari y ~ L SOLUTION

é,D M RClI §o\ujr’wn'. G.0O m ol H(/\
L

If you have 0.250 L (250 mL) of é 0 M HCI, how many moles of HCl do
you have”? g
6.0 mol H( | =

6.0 mol HC|
L

0.0L50 L ¥ < 1S myy HCY

X'See SECTIONS 4.7 - 4.10 for more information about MOLARITY and solution
calculations (p 154 - 162 - 9th edition) (p 156-164 - 10th edition)
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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?

0,055 mol HC| -

This volume is

much Too large
11,9 LJ for lab-scale

work. We should
W <00 mL use a MORE

CONCENTRATED
HCI solution to

What if we used 6.00 M HCI? get 0.657 moles.
G.00 wel MO =L

L _
Os6% T mat MO ¥ 0.05SS mol| H(|

O,bgj th| Mcf X L .

o HD L_\ This is a more
(.00 wul FIC| ’

reasonable
~ lab volume for
MO mL 0657 moles.
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Example: How would we prepare 500. mL of 0.500 M sodium sulfate in water?

Ney S04 2 142,88 g [mo |
Dissolve the appropriate amount of sodium sulfate info enough water to make 500. mL of

solution.
T e o

@ A VOLUMETRIC FLASK is a flask that

Maa §¢ is designed to precisely contain a
"L certain volume of liguid.

VOLUMETRIC FLASKS are used to
prepare solutions.

volumetric flask

We know that we need 500 mL of solution. We also know that the solution's concentration
shiould be 0.500 M. From that. we need to calculate the moles of sodium sulfate that would
e in 500 mL of solution. Then, convert the moles sodium sulfate to grams using formula weight.

0.500mol Ny s0y =L ‘ 12,08 9 Mag SOy = mo) /VALSJLT‘ ml< 10-5L

|O“2’% O0.500my o\LSOL,l 2,068 gNazgoqu
SOO'JD/K‘X?L X)/ xm,%&,ﬂf h’?)S'gﬂ

Weigh 35.5 grams sodium sulfate into a 500. mL volmetric flask, then Na L 5 Db]
dilute to the mark with distilled water,
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More on MOLARITY

To prepare a solution of a given molarity, you generally have two options:

Weigh out the appropriate amount of solute, then dilute to the desired volume with
solvent (usually water)

/\“s’rock solution”

Take a previously prepared solution of known concentration and DILUTE it with
solvent to form a new solutfion

- Use DILUTION EQUATION

The dilufion equation is easy to derive with simple algebra.

M x \/

m/‘)l YL = moles 50\\/1"(

L
... but when you dilute a solution, the number of moles of solute
REMAINS CONSTANT. (After all, you're adding only SOLVENT)

= M., \/
N\ \ \/\ L r\ Since the number of moles of solute stays
before after the same, this equality must be frue!

diution dilution
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/\/\\\/\ = IV\(L\/Q_ ... the "DILUTION EQUATION"

N\\ ~ molarity of concentrated solution

\/ | = volume of concentrated solution

N\ 2.~ molarity of dilute solution

\/L = volume of dilute solution («\-—d Hk v W me,j m}l" \ro| vwe oﬁ'
ard e So\ven
The volumes don't HAVE to be in liters, as long as you use the same volume UNIT for both
volumes!

Example: Take the 0.500 M sodium sulfate we discussed in the previous example and dilute it
to make 150. mL of 0.333 M solution. How many mL of the original solufion will we need to dilute?

- ,SO‘()M m 20«333/'0
M =0 7 L T My \/q
\[11 ? \/ZT\SO.W\L
(0:506m )V, < (O.Z'sam)(lw*”“!’)
V299, 9 ml of 02500 M Nay S0

Take 99.9 mL of 0.500 M sodium sulfate, and add water until the total volume of the
mixture is 150. mL.
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CHEMICAL CALCULATIONS CONTINUED: REACTIONS

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

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

2 Al L) «3 By (D) — 2R G ()

\ coefficients are in tferms of
atoms and molecules!

) aXoms A’\ — zmo\RLU\(’,s BrL: lhfm\)\”\\)\/\(\’s /\\\ B\r3
/Lvnd\ ]\\ :% mo\ BI‘—Z_Z 1%0\\ m\ \B\fz

- 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



