Chemistry 11-Unit 5-The Mole Concept Tutorial 5-1 HELP

TUTORIAL 5-1 HELP

ANSWER TO QUESTION 1 ON TUTORIAL 5-1:
Question 1. Find the percent composition by mass of sodium phosphate, NagPO.
Step 1: Find the molar mass of NagPO4 (The mass of one mole of NagPO4 molecules)

Molar Mass= 3(23.0) + 31.0 + 4(16.0) = 164 g/mol .

Sep 2: Find the total mass of dl the sodium atoms in one mole of the compound.
To do this multiply the atomic mass of sodium by the subscript of sodiumin the
formula.(Nag_.)

Mass of sodium= 23.0g/mol x 3mol =69.0 g of sodium

Step 3: Divide the mass of sodium by the molar mass of NagPO4and multiply by 100%
to get percent mass.

Percent massof sodium = 69.0g x 100% = 42.1% Na
1649

Sep 4: Find the totd mass of dl the phosphorus atoms in one mole of the compound.
To do this multiply the atomic mass of phosphorus by the subscript of phosphorusin
the formula.(...P..) (no subscript, so call it “1")

Mass of phosphorus= 31.0g/mol x 1mol = 31.0 g of phosphorus

Step 5: Divide the mass of phosphorus by the molar mass of NagPO4 and multiply by 100%
to get percent mass.

Percent mass of phosphorus = 31.0g x 100% = 189%P
164 g
Step 6: Find the totd mass of dl the oxygen atomsin one mole of the compound.
To do this multiply the atomic mass of oxygen by the subscript of oxygenin the
formula(...O4)

Mass of oxygen= 16.0g/mol x 4 mol =64.0 g of oxygen

Step 7: Divide the mass of oxygen by the molar mass of NagPO4and multiply by 100%
to get percent mass.
Percent mass of oxygen = 6409 x 100% = 39.0% O
1649
Now, we can summarize the percent composition by mass of NagPOg.
So the percent composition by mass of NagPO4 is 42.1 % Na, 18.9% P and 39.0% O
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ANSWER TO QUESTION 2 ON TUTORIAL 5-1

Question 2 Find the percent composition by mass of the compound ammonium phosphate,
(NH4)3POg4 .

Sep 1. Find the molar mass of (NH4)3PO4 (The mass of one mole of
(NHy4)3PO4 molecules)

Molar Mass= 3(14.0) + 12(1.0) + 31.0 + 4(16.0) = 149 g/mol .

Step 2: Find the total mass of al the nitrogen atomsin one mole of the compound.
To do this, multiply the atomic mass of nitrogen by the number of nitrogen atomsin
theformula (NHg)3, =3x1=3

Mass of nitrogen = 14.0 g/mol x 3 mol =42.0 g of nitrogen

Sep 3: Divide the mass of nitrogen by the molar mass of (NHz)3PO4and multiply by 100%
to get percent mass.

Percent mass of nitrogen = 420g x 100% = 282%N
1499

Step 4: Find the totd mass of dl the hydrogen atomsin one mole of the compound.
To do this, multiply the atomic mass of hydrogen by the number of hydrogen atomsin
theformula (NHg)3.. 3x4=12“H" aoms.

Mass of hydrogen = 1.0 g/mol x 12 mol =12.0 g of hydrogen

Sep 5: Divide the mass of hydrogen by the molar mass of (NH,4)3PO4 and multiply by
100% to get percent mass.

Percent massof hydrogen = 12.0g x 100% = 8.1%H
149 ¢
Sep 6: Find the totd mass of dl the phosphorus atoms in one mole of the compound.
To do this, multiply the atomic mass of phosphorus by the subscript of phosphorusin
theformula(...P...) 1aomof “P’.

Mass of phosphorus= 31.0g/mol x 1 mol = 31.0 g of phosphorus
Step 7: Divide the mass of phosphorus by the molar mass of (NH4)3PO4 and multiply by
100% to get percent mass.

Percent mass of phosphorus = 31.0g x 100% = 20.8% P
1499
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Step 8: Find the tota mass of dl the oxygen atlomsin one mole of the compound.
To do this multiply the atomic mass of oxygen by the subscript of oxygenin the
formula(...Oy)
Mass of oxygen= 16.0g/mol x 4 mol =64.0 g of oxygen
Step 9: Divide the mass of oxygen by the molar mass of (NHj)3PO4 and multiply by 100%
to get percent mass.

Percent mass of oxygen = 640g x 100% = 43.0% O
1499
Now, we can summarize the percent composition by mass of (NHz)3PO4

(NHg)3PO4 is 282% N, 8.1% H, 208% Pand 43.0% O by mass.

NOTE: Add up dl these percentages and we should get very close to 100%.
(If you try it thistime, you will come up with 100.1% which is close enough.

Remember that each one of the percentages were rounded to 1 decimal placein this
example))

ANSWER TO QUESTION 3ON TUTORIAL 5-1
Question 3

Find the mass of Nain 568 g of NagPO4

Fird, the converson factor is. 3(23.0) g of Na < -- (3 x the atomic mass of Na)
3(23.0) + 31.0 + 4(16.0) g of NagPO4 < --(molar mass of Na;PO,)

= _69.0g0of Na
164 g of NagPO4

Final step: 568 gNagPO4 x  69.0gof Na = 239 gof Na
164 g of NagPO4
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ANSWER TO QUESTION 4 ON TUTORIAL 5-1

Question 4

Tutorial 5-1 HELP

Given the following molecular formulas, find the empirica formulas.

Molecular Formula Empirical Formula
P4010 P205
Ci10H22 CsH11
CeH1803 CoHgO
CgsH120 CsH120
N>Og NO2

LR R R R R R e kb e R b b e R

ANSWER TO QUESTION 5 ON TUTORIAL 5-1.
Question 5

The empirica formulafor acompound is CHyO and the molar massis 90.0. Find the molecular formula
Firgt we find the mass of the empirica formula

C H» O

12.0 + 2(1.0) +16.0 = 30 g/mol isthe mass of the empirical formula

Now try to find asimple whole number that you multiply the mass of the empirica formula by to get the
molar mass

mass of theempirical formula x ? = molar mass
A A A
30 x ? = 90

Y ou can see that in this case the smple whole number is“3”
Now, multiply al subscriptsin the empirica formula by this whole number: (*3” in this case)

Empiricd formula X 3 = Moecula Formula

CH20 X 3 = C3HeO3
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Empirical M olecular
3
Formula CH,0 —1 C.HO5
X3
M ass 30.0 —> 00.0

A good thing to do now isto figure out the molecular mass using your molecular formula (CsHgO3) and
make sure it is the same as the molar mass given (90.0 g/mol):

Cz3 Hg O3

3(12.0) + 6(1.0) +3(16.0) = 90 g/mol isthe molar mass.

So C3HeO3 must be the correct molecular formulafor this compound.

ANSWERSTO THE SELF-TEST ON TUTORIAL 51

1.

Determine the per cent composition of the compound cacium nitrate ( Ca(NOg)2)
(Thet is, find the % cacium, the % nitrogen and the % oxygen in this compound.)
Solution:

Firg, find the molar mass of Ca(NO3),. In thisformulathereis1 Ca 2“N"sand 6 “O’s
The molar massis: 40.1 + 2(14.0) + 6(16.0) = 164.1 g/mol

The% Ca=_40.1 x100% = 244%
164.1

The% N =_2(14.0) x100% = 17.1%
164.1

The% O =6(16.0) x 100% = 585%
164.1

S0, the percent composition of calcium nitrateis 24.4% “Ca’, 17.1% “N” and 58.5% “O”.
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2. Find the mass of carbon contained in 336.16 grams of COo.

Solution:

Thereis1 mole of “C” aomsin amole of COy

The mass of 1 mole of C aomsis 12.0 grams (atomic mass of C)

The mass of one mole of CO, (molar mass) is 12.0 + 2(16.0) = 44.0 grams.

So we have aconversion factor: 1209 C
44.0 g CO,

So we can now go: 336.16gCO, x 12.0gC = 91.68gramsof C=91.7 gramsof C
44.0g CO>

Sothereare91.68 gramsof C in 336.16 grams of CO».
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3. Find the mass of oxygen contained in 860.0 grams of magnesium nitrate ( Mg(NOs)2)
Solution:

Themolar mass of Mg(NOg)2is 24.3 + 2(14.0) + 6(16.0) = 148.3 g/mol .

The mass of “O” in one mole of the compound is6(16.0) =96.0g

The conversion factor we can useis 96.0g9"0O"
148.3 g “Mg(NO3)y”

We can now find the answer:

860.0g Mg(NOg3), x 96.0g"“0" = 556.7g “O" = 5579 “O”
148.3 g Mg(NO3),
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4. A compound used in photography is called potassum persulphate. A 0.8162 gram
sample of the compound was andyzed and found to contain 0.2361 grams of potassium,
0.1936 grams of sulphur and the rest was oxygen.

a) Find the mass of oxygen in the sample.
Solution:
The mass of oxygen = [Tota mass of sample] - [(mass of K) + (mass of )]
= [ 0.8162 g] - [ (0.2361) + (0.1936) ]

[ 0.8162 ] -

[ 0.4297]

= 0.3865 grams of oxygen

b) Determine the empirica formulafor this compound.

Element Mass Atomic Mass Moles Moles Simplest Whole
Smallest moles #Ratio
potassum | 0.2361g| 39.1 g/mol 0.00604 mol | 000604 =1.00 1
0.00603
ulphur | 0.1936 32.1 g/mal 0.00603 mol | 0.00603=1.00
P J v 0.00603 1
oxygen 0.3865 16.0 g/mol 0.0242 mol 00242 = 4.01
9 J 9 0.00603 4

So the empirical formula is KSO4

¢) The molar mass of this compound is 270.4 g/mol. Determine the molecular formula

Solution:
The mass of the empiricad formula (KSO4) is 39.1 + 32.1 +4(16.0) = 135.2 g/mol

Dividing the molar mass by the mass of the empirical formula:

2704 = 2

135.2

We get the whole number “2”.
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Therefore, we multiply (all the subscriptsin) the empirical formula by “2”:

KSOs x 2 = KyS,0g

So the molecular formula for the compound is K2S;0sg .

NOTE: We can check by finding the molar mass of thisformulaand seeing if it adds up to

the given molar mass (270.4 g/mol). Try it!

Formula

M ass

Empirical Molecular
X2

KSO, » K504
X2

1352 — [ » 2704
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