LIMITING REACTANT CALCULATIONS

- To find the limiting reactant, calculate how much product would be produced from ALL given
reactants. Whichever produces the SMALLEST amouht of product is the limiting reactant, and
the smallest anount of product is the actual amount of product produced.

Example:  G(.0 ¢ 1.0 64,10 <- Formula weights

(a00e) + 3C K ——7 CoCqy(s) + COCy)

If you start with with 100. g of each reactant, how much calcium Carb|de would be produced?
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114 g of calcium carbide should be produced. Calcium oxide runs out when 114 g of calcium
carbide is made, so no further product can be produced after that point,

We say that calcium oxide is ‘limiting", and carbon is present "in excess".



s PERCENT YIELD

- Chemical reactions do not always go to completion! Things may happen that prevent the
conversion of reactants to the desired/expected product!

(1) SIDE REACTIONS:

C 4 0N —> C 0 This reaction occurs when there is a large amount
2 Lo of oxygen available

= ... while this reaction is more favorable in low-oxygen
1(‘ Al 0 L. ; 2‘ (’O ‘ environments!

... SO In a low-oxygen environment, you may produce less carbon
dioxide than expected!

(1) TRANSFER AND OTHER LOSSES

- When isolating a product, losses may occur in the process. Example: filtering

~ During each step of this process,
/’ some amount of product loss
T2 \il occur!

... then scrape product
off paper!

through filter! i/WA/—



@ EQUILIBRIUM

- Reactions may reach an equilbrium between prodcuts and reactants. We'll
talk more about thisin CHM 111. The net results is that the reaction will
appear to stop before all reactants have been consumed!

- All of these factors cause a chemical reaction to produce LESS product than calculated.
For many reactions, this difference isn't significant. But for others, we need to report
the PERCENT YIELD.

\/‘De’rermined EXPERIMENTALLY!

P{’Q(,C’NT _ AcTval YIELD < 100 %
VIGLD THEORE TVCAL YIELD

/t_ Calculated based on the limiting reactant. (The chemical
calculations you've done up 1o now have been
theoretical yields!)

... The percent yield of a reaction can never be greater than 100% due to
conservation of mass! If you determine that a percent yield is greater than 100%, then
you've made a mistake somewhere - either in a calculation or in the experiment

itself!
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1€ MY g | mo) 1135, W\ 9lmo) < Formula weights

224 ¢ 31.6 g ACTUAL
CHy * HNOy —— ( H Moy + Ha©
benzene nitric acid nifrobenzene

22.4 grams of benzene are reacted with excess nitric acid. If 31.6 grams of nitrobenzene are
collected from the reaction, what is the percent yield?

To find the percent yield, we need to know both the ACTUAL YIELD (31.6 g of nitrobenzene)
and the THEORETICAL YIELD (which we don't yet know). The theorietical yield is the

amount of nitfrobenzene that we'd produce if all 22.4 g of benzene are converted to
product.

1e.114 9 Cbelmv‘] Co H{, ol CE,H(_}_" htﬂC,BHgNOZ |23.[[f3 Co g MOp, = mal (e HgNO,

194 (_bHé\g oy (.(,H{, ‘ m]CGHgNDZ |23.[H3 CGHSNO’L:
"

X 2513
) He 3
e, 9 C{,HG mol CBHG mal (6 (V0o Ce HS N/
ol yiel
0/ yield = actvel yield — v 100%  THEORETICAL
© theore tieal ¥l eld YIELD

C%\}:eu.: ?)1‘(’5
38,%

(009 =| €75 75




105
25.0 mL of acetic acid solution requires 37.3 mL of 0.150 M sodium hydroxide

for complete reaction. The equation for this reaction is:
Mo OH + HCH3 05 —> Na (M3 02 + H20

What is the molar concentration of the acetic acid?
,— nfwl HC—'L HS Oz

L. Selution

Since we dlready know the volume of acetic acid, what we really need to find our is the
NUMBER OF MOLES of acetic acid that are in the solution!

0. 150 msl NaOW =L~ mal MNauOH = mel H("LHSO'Z,, mL:\D‘gL..

First, calculate moles of acetic acid from, volume sodium hydroxide:

{ {2 Hs0
|0~ L_, 0. 150 msl NmOH Ime LIV — 0.0055 %S mo]

Now, find concentration:

-3 0.005S %S mul
Moot RaH0L e 0 00l | M= 25 7,590; 0.1 M

Shortcut: Use MILLIMOLES
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propylene acrylonitrile
Calculate how many grams of acrylonitrile could be obtained from 651 kg of %ropylene, assuming

there is excess NO present.

1 - Convert mass of propylene to moles. Use formula weight.

(6£|0003

2 - Convert moles propylene to moles acrylonitrile. Use chemical equation.

3 - Convert moles acrylonitrile to mass. Use formula weight.
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