91 PERCENTAGE COMPOSITION

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

- the percentage of each element in a compound, expressed in ferms of mass
Example: Find the percentage composition of ammonium nitrate.
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These numbers are the masses of each
element in a mole of the compound!
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So far, we have

- looked at how to determine the composition 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
moles of SOLUTE

N\“‘ mO|OI’iTy1 L SOLUTION

(.0 M KOl solutivn- .0 mol HCI

L
If you have 0.250 L (250 mL) of 6.0 M HCI, how many moles of HCI| do
you have?
é‘t D W& HC’L - L‘

ool v et HO ) ¢ 1 HC

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 0.05655 M HCI
do you need to measure out?

0.085S ms| HOL =

This solufion is too
dilute to provide
1. €L \ the required amount
of HCl in a lab-friendly
( \L %00 mL) volume. We should
N

/\/ use a more concentrated
solution!

6S$7 mol HO L -
O(DSF) ol WO,OSSSML ol \

What if we used 6.00 M HCI?
6,00 mat HO| =L

O, 657 mst H01 x = ol :\O'HOL \
G,OOMA\ (ILOWL) Easily measured using

common lab devices
\, (ex: 250 mL graduated
cylinder!)
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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 *}ngz(“ — 2R 8 ()

\ coefficients are in tferms of
atoms and molecules!

) aXoms A’\ = BMO\RCU\QS BrL: lhfm\)\”\\)\/\(\’s A\ B\rs
/Lvnd\ ]3\\ :% mo\ BJ\—L‘?— 1%0\ m\ \B\(};

- 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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LN L)+ 3B, (1) 7 LR Bey ()

* 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 R 0" ) X% .90

\sq,xoge\rl:\vgo\ O 159. %0
wmol D7 — 0,1S6HS mol Br
1509 80,4 159,504 Bl )

@ Use the chemical equation to relate moles of bromine to moles of aluminum

D ol AVS Dol By
D ol AN
3 mol \?)\f')_

@ Convert moles aluminum to mass: Need formula weight R - L6.7%
9% o A
X L6 964 R =|L. 8l Al
A Y

= O|O(‘"|10 ma\ A\

0 ,1S64S mal Bry X

O.lo43%0 rr\o\ A\
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You can combine all three steps on one line if you like!
\W\o\ 6*"1 ‘ /Z.\nm)\ {l\\ﬁ’)_(,,,C}%SA\ :\lr%\cs/l\\ \
159,904 8, Bmol B, Ll A

® © ®

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.

{)—-S:()v \3(‘,_

25 O¢ By X

But ...
~ 26\ 3 P\ \ ...what would you have done to calculate the mass of aluminum
bromide IF you had NOT been asked to calculate the mass of

27 .5 g AR Guminum FiRsT?

| ol B2 . Lol A1 , L0669 oA Ry

25,0 0 Bry) % = 1.
DTS040 B, 3ma B Lol ALy X
o @ : ARy
convert mass convert moles convert moles
bromine bromine to aluminum
fo moles moles aluminum bromide

bbromide o mass



e EXxample:;
How many milliliters of 6.00M hydrochloric acid is needed to completely react with

25.0 g of sodium carbonate?

2HQ Cag )+ NagLoy (s) —7 Hlo(“f(oz(fﬂ*‘l“"q“’b)

1 - Convert 25.0 g of sodium carbonate to MOLES using FORMULA WEIGHT.
2 - Convert moles sodium carbonate to moles HYDROCHLORIC ACID using CHEMICAL EQUATION
3 - Convert moles of hydrochloric acid to VOLUME using MOLAR CONCENTRATION (6.00 M)

O Na O3t Nat Lx22,99

Formula weight of sodium carbonate

Colwitog
O % 3%I4.00
EOS,S’?ﬂ Nay 0y = ma| Uc.g,(,OS
| Meg O
15.0 M,W_Cog X m L-¥3 _ 0'138%7| mo | f\fo\ng
J ZOS,S’qﬂf\me(/Og

(D) 2mol HOL= mol Nea lOZ < his relationship comes from the COEFFICIENTS
in the chemical equation

&7 | ol Minq (07 20! HOl = 0.47174% mol HUI
0.0L3S mol Vg, wat Mo (02 o




%» Example:

How many milliliters of 6.00M hydrochloric acid is needed to completely react with
25.0 g of sodium carbonate?

2 HQO Lag )+ Naqlog () 77 Ha0(0) v (0 (g)w 2G| L)

(3) G.odwol HUp = L ml=loTPL

M = moles solute (HCI in this case) per liter

L £ 6,00 m UL
: 743 mpl HU X 7%.6 mL o
AT Mot B et R LO“SL !

\, The problem statement requested
the final answer in milliliters, so
we do a quick metric conversion
at the end.
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CONCEPT OF LIMITING REACTANT

- When does a chemical reaction STOP?
A
?,N\c:) () ™ D'LLE’Q 71]\/\(3)0(53
/ ¢ M Flame,

Magnesium oxygen from s
strip ar

Magnesium oxide
powder
- When does this reaction stop? When burned in open air, this reaction stops when
all the MAGNESIUM STRIP is gone. We say that the magnesium is LIMITING.

- This reaction is confrolled by the amount of available magnesium

- At the end of a chemical reaction, the LIMITING REACTANT will be completely consumed,

but there may be amount of OTHER reactants remaining. We do chemical calculations in
part to minimize these ‘leffovers”,

/K These are often called "excess’ reactants, or reactants present
"In excess'



