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Chemical Calcm
and Chemical EQUATIONS

An Introduction to Chemistry
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Phosphoric Aci

* Furnace Process for making H;PO, to be used to
make fertilizers, detergents, and pharmaceuticals.

— React phosphate rock with sand and coke at 2000 °C.
2Ca4(PO,), + 6Si0, + 10C

> 4P +10CO + 6CaSiO;

— React phosphorus with oxygen to get tetraphosphorus
decoxide.

— React tetraphosphorus decoxide with water to make
phosphoric acid.

P4010 + 6H20 —> 4H3PO4



Sample

Calculation

« What is the minimum mass of water that
must be added to 2.50 x 104 kg P,O,, to

form phosphoric acid in the following
reaction?

P4O10 + 6H20 —> 4H3PO4
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Goal: To develop ' tors that will -
convert betweena property (rrlass') pe é
and number of particle e, " b

Measurable Property 1 Mass 1
\ \

Number of Particles 1 Moles 1
\ \

Number of Particles 2 Moles 2
\ \

Measurable Property 2 Mass 2



Two Very Similar Calculations

* Conversion between amount of compound and amount of
element in that compound (from Section 6.7 of the atoms-
first version of the text and Section 9.4 of the chemistry-

first version).

1.O9><104kgP # gP E} mol P E} mol P4O1 E} g P4Oq9 CX’ kg P4O10
103%

1 kg |\ 30.9738 gP- 4 molP 1 molP4O71,
= 2.50 x 104 kg P4010
« Conversion between units of one substance and units of
another substance, both involved in a chemical reaction.

2.50 x 104 kg P4Oq C} g P4O10 ﬁ} mol P40 :} mol H,O ﬁ} g H,O ﬁ} kg H,O

>kg P4010 =1.09 x 104kg/P’(

Vi w500 (1o | oo i)

? kg HyO = 2.50 x 10% kg P4O1p
g H0=2.50x10%g ”’(11% 283.889 g PsO1; || 1 motPO7; || 1 melHzO  |\10% g

= 9.52 x 10° kg H,O



Molar Ratio from Coefficients in
Balanced Equations

I:)4C)1O

+  6H,0

> 4H,PO,

1 molecule P,O,,

6 molecules H,O

4 molecules H;PO,

1 dozen P,0O,, 6 dozen H,O 4 dozen H4;PO,
molecules molecules molecules
6.022x1023 6(6.022%1023) 4(6.022x%1023)

molecules P,04,

molecules H,O

molecules H;PO,

1 mole P,0O4,

6 moles H,0

4 moles H;PO,




Sample

Calculations (2

 What is the minimum mass of water that
must be added to 2.50 x 104 kg P,O,, to
form phosphoric acid in the following
reaction?

P4O1O + 6H20 —> 4H3PO4
* The coefficients in the balanced equation

provide us with a conversion factor that
converts from units of P,0O,, to units of H,0.

( 1 mol P4OIO ) ( 1 mol P4OIO ) ( 6 mol HzO )

6 mol H,O 4 mol H3POy 4 mol H3POy



Sample Calculation

* What is the minimum mass of water that must be
added to 2.50 x 104 kg P,O,, to form phosphoric
acid in the following reaction?

P4O1O + 6H20 —> 4H3PO4

103 1 mel P07, 6 molH>0 \/18.0153 ¢ H,O \[ 1 k
?kgHZO:2.50x104kgP—46ﬁ( g)( 0 )( 2 )( 5 2 )( g)

1 ke || 283.889.gP5O010 || 1 melP7O70 || 1 molH;0 |\ 103 g
= 9.52 x 10° kg H,O



Equation ye
Stoichiometry ™ .

* Tip-off - The calculation calls for
you to convert from amount of one
substance to amount of another,
both of which are involved in a

chemical reaction.

* General Steps

1. If you are not given it, write and
balance the chemical equation for
the reaction.




Equation

Stoichiometryﬁ "

2. Start your unit analysis in the usual
way.

3. If you are not given grams of
substance 1, convert from the unit
that you are given to grams. This

may take one or more conversion
factors.

4. Convert from grams of substance 1
to moles of substance 1.



Equation Py e '
Stoichiometry ™ .

5. Convert from moles of substance 1 to
moles of substance 2 using the
coefficients from the balanced equation to
create the molar ratio used as a
conversion factor.

6. Convert from moles of substance 2 to
grams of substance 2, using its molar
mass.

/. If necessary, convert from grams of 2 to
the desired unit for 2. This may take one or
more conversion factors.




Equation
Stoichiometry

Steps

Given unit of substance 1

%’ Unit analysis conversion factors
<Grams of substance 1>

@ Using molar mass of substance 1: ( 1 mol 1 )

(formula mass 1) g 1
Moles of substance 1

@ Using the mole ratio derived from the ( (coefficient 2) mol 2 )

coefficients in the balanced equation: (coefficient 1) mol 1

Moles of substance 2

@ Using molar mass of substance 2: (
< Grams of substance 2 >

(formula mass 2) g 2
1 mol 2

%’ Unit analysis conversion factors

Desired unit of substance 2




Equation Stoichiometry Steps

Molar mass of substance 2

AN
S (unic) 2 . 8 1 mol 1 \[(coefhicient 2) mol 2'\[ --- g2 \[--- (unit)
" {umit) 2= (given) (unio —— (unit) ]\ - g1 || (coefficient 1) mol 1 || 1 mol 2 —
/

One or more conversion factors Molar mass of One or more conversion factors
convert the given unit to grams. substance 1 convert grams to the given unit.




Sample Calculation

« Tetrachloroethene, C,Cl,, often called
perchloroethylene (perc), is a colorless liquid used
In dry cleaning. It can be formed in several steps
from the reaction of dichloroethane, chlorine gas,
and oxygen gas. What is the maximum mass of
perchloroethylene, C,Cl,, that can be formed from
23.75 kilograms of dichloroethane, C,H,Cl,? The
equation for the net reaction is:

8C,H,Cly(/) + 6Cly(g) + 70,(9)



What is the maximum mass of perchloroethylene, C,Cl,, that
can be formed from 23.75 kilograms of dichloroethane,
C,H,Cl,? The equation for the net reaction is:
8C,H,Cly(/) + 6Cly(g) + 704(9)
— 4C,HCI;(/) + 4C,Cl, (/) + 14H,0(/)

2

 Tip-off: The calculation calls for you to convert
from amount of one substance to amount of

another, both of which are involved in a chemical
reaction.

« Usual unit analysis steps

2 kg C2C14 — 2375/kg C2H4C12 (

2.50 x 104 kg CoHLCl, | P |8 CaH4Clo| =P | mol CH4Cly | | mol CyCly | =P | g CoCly| P [kg CoCly




What is the maximum mass of perchloroethylene, C,Cl,, that
can be formed from 23.75 kilograms of dichloroethane,
C,H,Cl,? The equation for the net reaction is:
8C,H,Cly(/) + 6Cly(g) + 704(9)
— 4C,HCI;(/) + 4C,Cl, (/) + 14H,0(/)

103g
e

? kg C,Cly = 23.75 kg CoH4Ch (

? kg C,Cly = 23.75 kg CoH4Ch

e v
|

1 mol C,H4Cl,
98.959 ¢ CoHZCl,

103g/
? kg C,Cly = 23.75 kg CoH4€L kg

103
? kg CoCly = 23.75 kg CoHZCL ( s

s scamen ) |
98.959 ¢ CoHZCI, mel- €5HCl,



What is the maximum mass of perchloroethylene, C,Cl,, that
can be formed from 23.75 kilograms of dichloroethane,
C,H,Cl,? The equation for the net reaction is:
8C,H,Cly(/) + 6Cly(g) + 704(9)
— 4C,HCI5(/) + 4C,Cly (/) + 14H,0())

103 1 mol-CyHZCH 4 mol C,Cly
e CzClemkg%@b( 1 )(98 959 g CoHaCly )(SM )
2014019
2 kg CoCli = 23.75 kg CobsC: 10° ¢ 1 melG5HZCL 4-mol-C5Cly
e | Ty )\ 98959 ¢CoH€h | 8 molyHCT mol &€y
» ke CoCl = 23.75 ke CoHLEL 10° ¢ 1 mol-GyHZCH 4 -mel-C5Cl 165.833 g C,Cly
etk "\ 1kg )| 989596 CHICL | 8 molesHICh 1 molG;€H
103 [ 1 molCyHCL 4-mel-C5Cl; 165.833 ¢ C,Cl
2 kg C,Cly = 23.75 kg CoH4Ch ’ 24 & Lot
1kg || 98.959.¢CoHCl |\ § mol€yHLCL 1 mol-C,€l o
103 \( 1 molCyHCL 4-mel-C5Cl; 165.833 ¢ C,Cly \[ 1k
? kg CoCly =23.75 kg CoHZEL - — S 3g
1 kg /\ 98.959 ¢ CHyCly )\ 8 mol&HCTL, 1 molC;€l; 103 ¢



What is the maximum mass of perchloroethylene, C,Cl,, that

can be formed from 23.75 kilograms of dichloroethane,

C,H,Cl,? The equation for the net reaction is:
8C,H4Cly(/) + 6Cly(g) + 70,(9)

103
2 kg CoCly = 23.75 kg CHZCL ( %)(

= 19.90 kg C,Cl4

2.50 x 10% kg CoH4Cl,

>

4-moel-C5Cl

1 kg

Ty

el C2H4C12

>

98.959.¢ CoH4Cl,

mol C2H4C12

8 mol-E5HCl,

O

mol C,Cly

165.833 g C,Cly
1 mol G,Cl;

>

o C2C14

>

1 kg
103%

|

kg C,Cly




Equation Stoichiometry Shortcut for
Mass-Mass Problems

(Given mass of substance 1

@ Usi ( (coefficient 2) (formula mass 2) (any mass unit) substance 2 )
sin

(coefhicient 1) (formula mass 1) (same mass unit) substance 1

Same mass unit of substance 2

(coefficient 2) (formula mass 2) (any mass unit) substance 2
? (unit) 2 = (given) (unit) 1 : :
(coefhicient 1) (formula mass 1) (same mass unit) substance 1



What is the maximum mass of perchloroethylene, C,Cl,, that
can be formed from 23.75 kilograms of dichloroethane,
C,H,Cl,? The equation for the net reaction is:
8C,H,Cly(/) + 6Cly(g) + 704(9)
— 4C,HCI;(/) + 4C,Cl, (/) + 14H,0(/)

3

« Tip-off: The calculation calls for you to convert from mass

of one substance to mass of another, both of which are
involved in a chemical reaction.

« We can use the shortcut.

4x165.833 kg C,Cl
2 kg C,Cly = 23-751‘% CoHaCh ( 8xx98 9559312%22{:’;6i )
. 2

« Usual unit analysis steps

? kg CoCly = 23.75 ke C,H4Cl, (

= 19.90 kg C2Cl4



Questions to As

Designing a Pre
for Making a Substan

—

« How much of each reactant should
be added to the reaction vessel?

* What level of purity is desired for
the final product? If the product is
mixed with other substances (such
as excess reactants), how will this
purity be achieved?



Limiting Component

N @O
N OO
L OO
- ©@® —
A @O

) f The wheels run out first,

limiting the number of
bicycles to six.

D
2

D
<>

AA
U,

2 ' AA

Y,

AA
U

The frames
are in excess.



Why substan g ~
limiting? (1) A

e —— -
- ——— S
—— — — e —— E—

* To ensure that one reactant is
converted to products most
completely.

— Expense
P4(s) + 50,(g) — P,O4o(s) + excess O,(g)

— Importance
SiO,(s) + 2C(s)
— Si(l) + 2C0O(g) + excess C(s)



Why substan

limiting? (2)

* Concern for excess reactant that
remains
— danger
P4(s) + 90,(g) — P4O1(S) + excess Oy(9)

— ease of separation
SiO,(s) + 2C(s)
— Si(l) + 2C0O(g) + excess C(s)



Limiting Component

N @O
N OO
L OO
- ©@® —
A @O

) f The wheels run out first,

limiting the number of
bicycles to six.

D
2

D
<>

AA
U,

2 ' AA

Y,

AA
U

The frames
are in excess.



Limiting *
Component (2) = e

( 1 bicycle) o ( 1 bicycle )

1 frame 2 wheels

1 bicycle
1 frame

? bicycles = 7 frames ( ) = 7 bicycles

1 bicycle
2 wheels

? bicycles = 12 wheels ( ) = 6 bicycles



Limiting

Reactant

———— ——

 The reactant that runs out first in a
chemical reaction limits the amount
of product that can form. This
reactant is called the limiting
reactant.



Limiting Reag g -
Problems ‘ |

* Tip-off - You are given amounts of two or more
reactants in a chemical reaction, and you are
asked to calculate the maximum amount of a

product that can form from the combination of the
reactants.

 General Steps

1. Do separate calculations of the maximum amount
of product that can form from each reactant.

2. The lowest of the values calculated in the step
above is your answer. It is the maximum amount of

product that can be formed from the given amounts
of reactants.




Example

* The uranium(lV) oxide, UO,, used as fuel in nuclear power
plants has a higher percentage of the fissionable isotope
uranium-235 than is present in the UO, found in nature. To
make fuel grade UQO,, chemists first convert uranium
oxides to uranium hexafluoride, UFg, whose concentration
of uranium-235 can be increased by a process described in
my online lecture for Section 16.3 of the atoms-first version
of my text and Section 18.3 of the chemistry-first version.
The enriched UF; is then converted back to UO, in a series
of reactions, beginning with

UF6 + 2H20 — U02F2 + 4HF

a. How many megagrams of UO,F, can be formed from
the reaction of 24.543 Mg UF; with 8.0 Mg of water?

b. Why do you think the reactant in excess was chosen
to be in excess?



Example ",

_ e —

——
——
— — — ——

UF6 + 2H20 — U02F2 + 4HF

How many megagrams of UO,F, can be formed from
the reaction of 24.543 Mg UF4 with 8.0 Mg of water?

 Limiting reactant tip-off — We are given amounts of
two reactants and asked to calculate an amount of
product.

o Steps
— Calculate amount of UO,F, from 24.543 Mg UF,.
— Calculate amount of UO,F, from 8.0 Mg of H,0.
— Smaller value is answer.



UF6 + 2H20 —> U02F2 + 4HF

How many megagrams of UO,F, can be formed from
the reaction of 24.543 Mg UF; with 8.0 Mg of water?

? Mg UO,F; = 24.543 Mg UFq

1
? Mg UO,F; = 24.543 Mg Uk ( ><1 )
X
1 x 308.0245
? Mg UO,F; = 24.543 Mg UF; 1 x 352.019
X .



UF6 + 2H20 — U02F2 + 4HF

How many megagrams of UO,F, can be formed from
the reaction of 24.543 Mg UF; with 8.0 Mg of water?

1 x 308.0245 Mg )

> Mg UO,F; = 24.543 Mg UF
& ® 6( 1 x 352.019 Mg

1 x 308.0245 Mg UO,F,
1 x 352.019 Mg UF;
1 x 352.019 Mg-UF;

2 Mg UOze = 24543 Mg"EJ'F'E (

> Mg UO,F, = 24.543 Mg UFg (

= 21.476 Mg UOze



— b

UFe + 2H,0 — UO,F, + 4HF
How many megagrams of UO,F, can be formed

from the reaction of 24.543 Mg UF; with 8.0 Mg of
water?

4 Mg U02F2 = 24543 Mg‘HFE (

= 21.476 Mg U02F2

1 x 308.0245 Mg UO,F,
1 x 352.019 Mg UF;

1 x 308.0245 Mg UO,F, )

* Mg UO,F, = 8°OMgH§®( 2 x 18.0153 Mg H;O

= 68 Mg UOze



Example ‘ .

——

_ e —

—
T —— ———

b. Why do you think the reactant in excess
was chosen to be in excess?

— Water is much less expensive than the rare
uranium compound.

— It is important to carry as much uranium
through the process as possible.

— |t is better to have the nontoxic water in the
final mixture than the radioactive UFg.

— Water is also easy to separate from the solid
product mixture.



Why not

100% Yield?

* Reversible reactions

» Side reactions

» Slow reactions

» Loss during separation/purification



Percent

Yield

Percent Yield = Actual Yield X 100%

Theoretical Yield

 Actual yield is measured. It is given
In the problem.

 Theoretical yield is the maximum
yield that you calculate.



Calculation fo

Percent Yield

« Sodium chromate, Na,CrO,, is made by
roasting chromite, FeCr,0,, with sodium
carbonate, Na,COs;. (Roasting means heating
in the presence of air or oxygen.) A simplified
version of the net reaction is

4FeCr,O, + 8Na,CO5 + 70,
— 8Na,CrO, + 2Fe, 05 + 8CO,

« What is the percent yield if 1.2 kg of Na,CrO,

Is produced from ore that contains 1.0 kg of
FeCr,O,?



Calculation fo
Percent Yield

4FeCr,O, + 8Na,CO5 + 70, — 8Na,CrO, + 2Fe,O; + 8CO,

What is the percent yield if 1.2 kg of Na,CrO, is
produced from ore that contains 1.0 kg of FeCr,0,?

Percent Yield = Actual Yield X 100%

Theoretical Yield

— Na,CrQ, is a product, so 1.2 kg Na,CrQ, is the
actual yield.

— FeCr,Q, is a reactant, so 1.0 kg FeCr,0, is used
to calculate the maximum amount of Na,CrQO,
that could be formed (the theoretical yield).



Example Calculation for Percent Yield

4FeCr,O, + 8Na,CO5; + 70, —» 8Na,CrO, + 2Fe, 05 + 8CO,

 What is the percent yield if 1.2 kg of Na,CrO, is produced
from ore that contains 1.0 kg of FeCr,0O,7?

3 1 molFe€rO7~ [ 8 melNazCrOy |[ 161.9733 g Na,CrO4 [ 1 k
?nga2crO4:1-04€gEer26—4(10 g)( 2Y4 )( 2 4)( g NapLr 4)( g)

Lkg )| 223.835 g FeCryO7 | |4 mol Fe€r;07 )| 1 molNy€rOs  J(10° g
= 1.4 kg Na,CrOy4
, Actual yield
Percent yield = % 100%
Theoretical yield

1.2 kg NapyCrOy
= x 100% = 86% yield
1.4 kg Na,CrOy




Conversions

to Moles

Measurable property

Mass

Volume of solution

Moles

Moles of pure substance

Moles of solute




Molarity

moles of solute

Molarity =
o liter of solution

« Converts between moles of solute and volume of
solution

0.500 mol NazPOy 0.500 mol NazPOy4

0.500 M NazPO4 means or
1 L NazPOy solution 10° mL Na3POy solution



Calculating

Molarity

made by dissolving 29.993 g of pure
AgCIlO, in water and then diluting the
mixture with additional water to
achieve a total volume of

50.00 mL. What is the solution’s

molarity?



Calculating Molarity

» A silver perchlorate solution was made by dissolving
29.993 g of pure AgCIO, in water and then diluting the
mixture with additional water to achieve a total volume of
50.00 mL. What is the solution’s molarity?

? M AgClOy4 =

* M AgClOy4 =

* M AgClOy4 =

* M AgClOy4 =

? mol AgClO4

1 L AgClOy4 soln

? mol AgClOy4 29.993 g AgClOy4

1 L AgClOy4 soln 50.00 mL AgClOy soln

> mol AgClOy4 29.993 g AgClO7 (

1 L AgClOy4 soln 50.00 mL AgClOy soln eAeClO7 )

? mol AgClO4 29.993 g AeClO7 1 mol AgClOy
1 L AgClOy4 soln 50.00 mL AgClO4 soln | 207.3185 gAgCtO7



Calculating Molarity

» A silver perchlorate solution was made by dissolving
29.993 g of pure AgCIO, in water and then diluting the
mixture with additional water to achieve a total volume of
50.00 mL. What is the solution’s molarity?

> M AcClO ? mol AgClO4 29.993 g-AgClO7 1 mol AgClOy mk
¢ 4= —

g 1 L AgClOy soln 50.00 mEAgClO4 soln | 207.3185 g AgClO7
s M AeClO, — - mol AgClO4 29.993 g AgClO7 1 mol AgClO4 103 mE
. g ‘ 1 L AgClOy soln ~50.00 mb AgClOy soln | 207.3185 g AgClO7 1L
¢ 4= —

8 1 L AgClOy soln 50.00 mEAgClOy4 soln | 207.3185 g AgCtO7 1L

2893 mol AgClOy4
1L AgClOy soln

= 2.893 M AgClO;



Calculating Molarity

» A silver perchlorate solution was made by dissolving
29.993 g of pure AgCIO, in water and then diluting the
mixture with additional water to achieve a total volume of
50.00 mL. What is the solution’s molarity?

Converts the given

Molarity expressed Given amount  Converts mass volume unit into the
with more specific units of solute to moles desired volume unit
AN | N\ N\
s M AoCIO ? mol AgClOy4 29.993 ¢ AsClO7 1 mol AgClO4 103 mE
: 4 — =
8 1 L AgClOy soln 50.00 mEAgClO4 soln | 207.3185 g AgCtO7 1L

~2.893 mol AgClOy Given amount of solution

= =2.893 M AgClO
1 L AgClOy soln &




Equation Stoichiometry

Start here when

mass of pure any mass unit 1

substance is given.

8

( --- (any mass unit)

|

)

J

1 mol 1

(formula mass) g 1

any mass unit 2

|

|

--- (any mass unit)

8

|
|

(formula mass) g 2
1 mol 2

(coef. 2) mol 2

(number from molarity) mol 1
1L (or 10° mL) soln 1

(L or mL) of solution 1

— (L ormL) )

|

--- (any volume unit)
any volume unit of solution 1

Can be converted
<€— into mass or into
volume of solution

( coef. 1) mol 1
@

This is the core

of aolny.equatlon | L (or 10° mL) soln 2
stoichiometry - - =
problem. (number from molarity) mo

(L or mL) of solution 2

|

any volume unit of solution 2

--- (any volume unit)

-— (L ormlL)

|

Start here when volume of solution is given.



Equation

Stoichiometryﬁ

* Tip-off - The calculation calls for you to

convert from amount of one substance to
amount of another, both of which are
Involved in a chemical reaction.

* General Steps

1. If you are not given it, write and balance
the chemical equation for the reaction.

2. Start your unit analysis in the usual way.



Equation

Stoichiometryﬁ

3. Convert from the units that you are
given for substance 1 to moles of
substance 1.

— For pure solids and liquids, this means
converting mass to moles using the
molar mass of the substance.

— Molarity can be used to convert from
volume of solution to moles of solute.



Equation 4 -
Stoichiometry O

4. Convert from moles of substance 1
to moles of substance 2, using the
coefficients in the balanced
equation.

5. Convert from moles of substance 2
to the desired units for substance 2.
— For pure solids and liquids, this

means converting moles to mass
using the molar mass of substance 2.

— Molarity can be used to convert from
moles of solute to volume of solution.




Equation & |
Stoichiometry -

6. If necessary, we convert from grams to
the mass unit we want, or liters (or
milliliters) to the volume unit we want.

/. Calculate your answer and report it with
the correct significant figures (in
scientific notation, if necessary) and unit.




,é ..'_ e -
Example 1 ‘ el

e

e
el

* How may rﬁﬁﬁlﬂes of 6.00 HN3
are necessary to neutralize the
carbonate in 75.00 mL of 0.250 M

Na,CO,?
0.250 mol Na,CO3 10° mL HN O3 soln
10°> mL Na,COj5 soln 6.00 mol HNOj;

mL Na,COj3 soln # mol Na,CO3 E> mol HNOj; E> mL HNOj soln




Example 1

How many milliliters of 6.00 M HNO, are necessary to

neutralize the carbonate in 75.00 mL of 0.250 M

Na,CO57?

« Before we can do our calculation, we need to get a
balanced equation.

« HNO; is a strong acid and Na,CO, as a weak base,

so we follow the steps described in a previous
lesson for writing double displacement equations for

acid-base reactions.
2HNO3(aq) + Na,CO4(aq)
— H,O(l) + CO,(g) + 2NaNO;(aq)



Example 1

* How many milliliters of 6.00 M HNO5 are necessary to
neutralize the carbonate in 75.00 mL of 0.250 M Na,CQO;?

2HNO3(aq) + Na,CO4(aq) — H,O(l) + CO,(g) + 2NaNOs(aq)

? mL HNOj3 soln = 75.00 mENazCO3s0ln
mENa;CO3soln

0. 250 mol Na2C03

? mL HNO3 soln = 75.00 mENaz;CO3s0ln 03
0°-mENay;EO3s0ln

? mL HNO3 soln = 75.00 mENazCO3s0ln

> mL HNOj3 soln = 75.00 mENxz€O3 soln




Example 1

* How many milliliters of 6.00 M HNO5 are necessary to
neutralize the carbonate in 75.00 mL of 0.250 M Na,CQO;?

0.250 mel Nay€O3 2 moHHINO7
103> mENa;COzsoln || 1 -mel NayCO3

> mL HNOj soln = 75.00 mENaz€O3 soln ( )
-mel }{}363

: 2 10> mL H I
?mLHNO3soln:75.00mbNaz€63’sdﬁ(0250me¥Naz€63 )( meHn‘N@s”)( 0° m NO3son>

103 mL Na,CO5soln || 1 mel Nay€O5 || 6.00 mol HNO3

> mL HNOj soln = 75.00 mL-Na€O3 5ol
" 3500 2 350“(10%,94@6@—31@—1 I molN:ED; || 6.00 mol HNO;

0.250 mel NayCO3 )( 2 molHHINO73 )( 103 mL HNOj3 soln )

= 6.25 mL HNOj soln

Coefhicients from balanced equation
convert moles of one substance into
moles of another substance.

AN
0.250 mel Nay€O3 )( 2 mel-HNO3 )( 103 mL HNOj3 soln )

? mL HNO3 soln = 75.00 mENaz€O3s0ln (

103 mLNayCOzsoln || 1-mel NayCO3 6.00 mel HINO3
_ / .
= 6.25 mL HNOj3 soln Molarity as a conversion Molarity as a conversion

factor converts liters into moles.  factor converts moles into liters.



* What is the maximum number of
grams of silver chloride that will
precipitate from a solution made by
mixing 25.00 mL of 0.050 M MgCl,
with an excess of AgNO; solution?

( 0.050 mol MgCl, )

10° mL MgCl, soln

mL MgCl, soln => mol MgCl, => mol AgNO3 => g AgNO3




.

What is the maximum number of grams of silver

chloride that will precipitate from a solution made by

mixing 25.00 mL of 0.050 M MgCl, with an excess of

AgNQO; solution?

« Before we can do our calculation, we need to get a
balanced equation.

* This is a precipitation reaction, so we follow the
steps described in a previous lesson for writing
double displacement equations for precipitation
reactions.

2AgNO;(aq) + MgCl,(aq) — 2AgCl(s) + Mg(NO3),@q)



Example 2

« What is the maximum number of grams of silver chloride
that will precipitate from a solution made by mixing 25.00
mL of 0.050 M MgCl, with an excess of AQNO, solution?

2AgNO;(aq) + MgCl,(aq) — 2AgClI(s) + Mg(NO;),@q)

g AgCl = 25.00mlng€1§’sTﬂﬁ(

mLMgGl*TG’Iﬁ)

g AgCl = 25.00 mLMgekmrﬁ( 0.050 mol MgCl, )
103 2 oln

¢ AgCl = 25.00 mL MgChsoln | _2:020 mel-MgClh
103 mL-Mg€hsoln ||  melMgCly

¢ AgCl = 25.00 mL Mg€Cly soln | 2020 me! Mgaz 2 mol AgCl
10° mL-MgC€hsoln || 1 melMgCly




Example 2

« What is the maximum number of grams of silver chloride
that will precipitate from a solution made by mixing 25.00
mL of 0.050 M MgCl, with an excess of AQNO; solution?

gAgClzzS.OOW(lgéomxlzﬁ)( molAgCl )

¢ AgCl = 25.00 mL MgClyson | 2000 molMgClh | [ 2 molAgCH | [ 143.3209 g AgCl
10° mL-MgClysotn || 1 molMg€ly || 1 molAgCt

¢ AgCl = 25.00 mL MgChsotn | 2:000 molMgClh [ 2 molAgEl | [ 143.3209 g AgCl
103 mE-MgElysoln || 1 melMgEly || 1 molAgEl
=0.36 g AgCl



