9 PERCENTAGE COMPOSITION

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

- the percentage of each element in a compound, expressed in terms of mass
Example: Find the percentage compaosition 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 defermine 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?



& MOLAR CONCENTRATION

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

dissolved substance
moles of SOLUTE

/\/\"‘ molori’ryi L SOLUTION

.0 M\ RCl solutivns .0 wmol HCI
L

If you have 0.250 L (250 mL) of 6.0 M HCI, how many moles of HCI| do
you have? §.0mol HC| = L=

O. LSO L y &:omel HC —,L|,gm| HC) ,
L

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.OQSSM,I HCl :'L,_‘

This is foo large for a
0,657 mol HCY L o I A O / typical lab-scale
C.08SS vl HC| measurement, so we
(11,%00 »L)  ghouig probably pick
/\/ a more concentrated
solufion of HCI fo get
0.657 mol.

What if we used 6.00 M HCI?
6,00msl RNC\ = Lo

|

L L
O, (S mel HC) = (0. 110 '
o Y 6,00mal KO |
(\[O.mL)

7,

C Use a 250 mL graduated cylinder to
measure out this quantity of acid (or
use two measurements in a 100 mL
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) «3 B () —>2R1 8 ()
| T coefficients are in terms of

atoms and molecules!

) aXoms A(\ - EMO\ECU\QS B(‘L: 'Z_Ec)(‘m\)\q\\)‘/\\’\_s A\\B\F\%
Dol A = L ol \Br?_?; Lol m\ \B(S

- 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 anofther using the equation
- Convert the moles of the new substance to mass or volume as desired
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DAL + 380, (U) =7 2R By (o)

* 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 to moles: Need formula weight R o ~ 1 X79 960

\sq,%ogB\rl:\on\ O 1G9. %0
wmol Ly — 0.,1564S mal Br;
15,0680 A 159,90 g By, )

@ Use the chemical equation to relate moles of bromine to moles of aluminum
D mol A\ Dol By

2 mol AN

2 mol \B\r,)_

3 ) Convert moles aluminum to mass: Need formula weight A - 16.7%

’)_(,DIC/%S (—\\i‘lvv\o\ A\

6.9 A
-1 .%o &

1 ol A J

= 0O.1p04%0 rno\ ('\\

0.1564S mol Bre X

0.|0L|10 rr\o\ (‘\\ pé
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You can combine all three steps on one line if you like!
\mo\ 6(‘1 Y /lmo\ {B\\ﬁr)_(‘)rcj%S{)‘l :\lr%\%/l\\ \
159,904 B, 3mol B, Lol 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.

f)—g :()b ‘?)‘(\')_

25 O By X

But ...
~ 261 9 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 A8 Guminum FRsT?

| mol By . 2 wo! NI, y 166 . 694 o M Bry

0S5.0 o Bry ¥ = L.
J - \gq,(ﬂDSBrl Amol By /l_vnu\ A\\'Bf3 H—)l'f&
© ® ®
convert mass convert moles convert moles
bromine bromine to aluminum
fo moles moles aluminum bromide

bromide o mass



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

2LHAO Gy )+ Nag Loy (s) —7 Ha 0(8) £ (03Cg)e TNCl(xq)

1 - Convert 25.0 g of sodium carbonate to moles. Use formula weight.
2 - Convert moles of sodium carbonate to moles HCI using chemical equation.
3 - Convert moles HCI to volume using molarity (6.00 M HCI)

@ Ny (0q 2 Np: 2.x12.99 Formula weight of sodium carbonate
Ce | x ol \/
o+ 2xIlb.0

|OS qclg N“ZCOZ pd Yho‘ )\/{A.-Lcog

ol Waq (0q
,LS.DE?‘VO\'LCO;;\A |()S.qclgNa2C02

= 0.235§7] mol Nay (O3

@ T el KOl = vho| Vo . C 03 <~ This equality comes from the coefficients in the
chemical equation

T mal KO
Vht?l JVC"'L('DS

0.235§) ] mol MNay (O3 20471743 mol H(C|



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

2_\“\C_\ &ao\l‘)-\— Nd\'z_tos_ggvﬁ HlO(Q)T(Oz(:j]'t' ')—M‘-\C-\ meb)

() 6oomol ML=l mLclo "L

{
M = moles solute per liter

0471743 mol H(C L y = X L

6,00 mol H(] go"‘L:

1% 4[9 W'L of G,GO{\QH“

\

— This step converts from liters
to milliliters, since that's what
the problem statement
requests.



