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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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



