Reactions and Stoichiometry

Molecular mass. Thesum of the aomic masses of dl the aiomsin amolecule of asubstance
Formulamass The sum of the aomic masses of al the atomsin aformula unit of asubgance
For mdecules Mdecular waght and fomulaweight are the same.
For ionic compounds Only the term formulaweght gpplies
Mole (mol)

One mole of asubgtanceisthe quantity of that substance that contains as many
dementd entities as the number of atlomsin exactly 12.000 g of Carbon-12.

That number is cdled Avogadro's number (N). It isnumenicaly equd to
6.0221367 107,

A mdeisjug acounting number like adozen or aream or apar.

When talking about amale of something you must specify the formula unit of whet you
aeusng. 1mol 0is6.022 10* aomsof axygen. 1 mad O, is12.044" 10?° gomsof

OXygen.
Molar Mass: Themassof onemole of substance
Themalar massin g/mal is numericaly equivaent to the molecular or formulamassin amu.
Examples.
1. How many formula units arein 254.2 g of Lead(ll) Oxide?

Theformulafor Lead(Il) Oxide is PO which resultsinamolar massof 223199

(207.19 g + 15.99%4 g).
’ 23 -
254.2 g PbO’ 1mol PbO . 6.022" 10™ formula units PbO _ 6.859° 102 formula. units PbO
223.19gPb0O 1moal PbO

2. 342 10% molecules of water heswhat massin grams?



Wate hastheformulaH,O s0 it hasamolar mass of 18,0153 g (2° 1.0079g +
15.9994 g).

1moe H,0 , 18.0153gH,0

3.42" 10 molecules H,0" —
6.022" 10° molecules H,O0  1mole H,0

=1.02gH,0

M ass per centages. The percentage by mass of dl the dementsin acompound.

mass of A inthe sample
mass % of A = 100%
mass of the sample

The sum of the percentages for acompound must equa 100%.

Determining chemical formulas

Empirical formula: aformulafor acompound thet shows the lowest whole number
raio of the dementsin the compound.

Empiricd foomulafor water: H,O

Empirica formulafor hydrogen peroxide HO (H,O5)

Empiricd formulafor glucoss CH,O (CsH12056)

Empiricd formulafor ribose CH,O (CsH;005s)
Determining the empirical for mula from mass per centages. ..

1. Assume 100.00 g of compound. This converts the percentages directly to masses of
the dements.

2. Convert the mass of each dement to moles of that demeant.
3. Divide eech of themoles by the smdlest.

4. If you do not get aseries of integers from sep 3. Multiply each of thevauesby a
factor to get everything to integers (+0.1). Thisfactor will usudly be about 2 or 3, but it may be
larger.

Determining malecular formulas
1. And the empiricd formula

2. FHind the empirical mass (the mass of one empiricd formula unit).



3. Divide the molar mass by the empiricd mass This should be an integer.
4. Multiply thisinteger by dl the subscriptsin the formula

For compounds containing the dements C, H, and O, the percentages can be determined by
combusgtion. Combudtion itsdf gives carbon dioxide, which gves the percentage of C, and
water, which gives the percentage of H. Percentage of O is determined by difference.

Example

A compound contains 62.04% C, 10.41% H, and the rest is Oxygen. What isthe
empiricd formulafor this compound?

Asume there s 100.00 g of the compound

62.04gC. 1mol C
100gcpd 12.011gC
10.41gH. 1mo H
100gcpd 1.0079gH
275590, 1mad O
100gcpd 15.99949g0O

100.00g cpd” =5.165mol C

100.00g cpd” =10.32mol H

100.00g cpd” =1.722mal O

The andlest of theseis 1.722 mal so we divide dl the numbers by thet one.

5.167mol C

1.722 mal
10.32mol H

1.722 mol
1.722 mol O

1.722 madl

=3.001» 3
=5.993»6

=1000»1

Therdfore the empiricd formulais G3HgO.

If the molar mass of this compound is 116.16 g ma™*, what is the molecular formula?

Molar mass _ 116.16gmol ™" _
Empiricdl mass  58.08gmol *

So the malecular formulais twice the empiricd formula, CsH; 0.

Stoichiometry:



Molar interpretation vs. Molecular interpretation of a chemical reaction

The bdancad chemicd reaction gives you asaries of converson factorsto usein problem
olving.

CH; +20, ® CO, + 2H,0O
The converson factors are obtained from the coefficentsin the balanced chemicd reection.
These convergon factors can be used to rd ae the amounts of reactant to other reactants or to

amounts of products. It isthis reason thet, in order to solve achemica problem, you fird need
to have abdanced chemica equation.

BExanple
How many grams of solid Barium Sulfate can be produced from the reection of 154.6 g
of Barium Nitrate with Sodium Sulfate? The other product of the reaction is Sodium
Nitrete.
Hrst we need to write the baanced chemicd equation:
Ba(NOs), + N&SO, ® BaSO, + 2 NaNOs
Now we can procesd with the caculation.

1mol Ba(NO,), . 1mol BaSO, ., 233.391gBaSO,
261.337gBa(NO,), 1mol BaNO,),  1mol BaSO,

154.6g Ba(NO,),” =138.1gBas0,



Limiting Reactants

TheLimiting Reactant isthe reectant thet is completely consumed during the course
of areection. If the reactant isnot completey consumed it isknown as an excessreactant.

The limiting reactant is what determines the amount of product(s). When dl of thelimiting
reactant is consumed, no more product(s) can be produced.

Determining the limiting reactant
1. Cdculate the amount of product that would result from each of the reectants.

2. Thereactant that correponds to whichever amount of product issmdlest isthe
limiting reactant. All other reectants are excess reectants.

Theoretical Yidd isthe maximum amount of product that can be produced from areection
mixture. It isthe amount of product determined from the limiting resctant.

Actual Yidd isthe amount of product that results when the reaction is carried out in the lab.
Per cent yidd istheraio of actud yield to theoreticd yield multiplied by 100.

actual yidd
theoreticd yield

% yield = " 100%

Why determine the % yidd? When achemigt reports his results from areaction, he/she does 0
by usng the percent yidd. Thisis done because the percent yidd should be the same for the
same reection regardless of how much reectant isinitidly used.

Exarple

17.56 g of Ethanadl (C;Hs0O) reactswith 102.5 g of Oxygen to produce Carbon
Dioxide and water. How many grams of Carbon Dioxide are produced in this reaction?
What isthe limiting reactant? If only 30.00 g of Carbon Dioxide are produced, whét is
the percent yidd?

Bdanced Chemicd Equetion:

CHO+30,® 2CO, +3H,O

Cdculdions



1mol C,H,O . 2mol CO, . 44.01gCO,
46.07gC,H,0 1mol C,HO 1ma CO,
1mol O, . 2mal CO,. 44.01g CO,
320090, 3mo O, 1md CO,
30.00gCO,
33.54gCO,

17.56g C,H,0"

=33.54¢CO,

102.590,° =93.989g CO,

" 100 = 89.45%

Thelimiting reectant isthe reectant thet gives the smdlest amount of product. Inthis
cax, that isEthandl. Thetheoreticd yidd isthat amount of product, 33.54 g CO..
The percent yidd is 89.45%.



