Chemistry 231







Oregon State University

Worksheet 4 Notes








A.
A student obtains 4.000 moles of carbon atoms.  How many carbon atoms are present?  What is the mass of this sample?


4.000 moles C atoms 
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4.000 moles C atoms 
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1.
Determine the molar masses (AKA atomic masses) of C, N, O, F, Ne, and U.


C = 12.01 g/mol.


N = 14.01 g/mol.


O = 16.00 g/mol.


F = 19.00 g/mol.


Ne = 20.18 g/mol.


U = 238.03 g/mol.

2.
Determine the molar masses of methane, the O2 molecule, carbon dioxide, and water.


Methane (CH4):


1 x 12.01
g/mol


+
4 x 1.01
g/mol



_________________



16.05 g/mol


O2:



2 x 16.00 g/mol = 32.00 g/mol


CO2:



1 x 12.01
g/mol


+
2 x 16.00
g/mol



_________________



44.01 g/mol


H2O:



2 x 1.01
g/mol


+
1 x 16.00
g/mol



_________________



18.02 g/mol

3.
Determine the molar mass of elemental aluminum ("just plain aluminum metal"), HCl, aluminum chloride, and the H2 molecule.


Al is 26.98 g/mol.


HCl is 36.46 g/mol.


AlCl3 is 133.33 g/mol.


H2 is 2.02 g/mol.

4.
Determine the molar mass of calcium sulfate [CaSO4].


136.15 g/mol.

5.
Determine the molar mass of aluminum nitrate [Al(NO3)3].


213.01 g/mol  (each of the three nitrate ions is 62.01 g/mol)

6.
Determine the molar mass of aluminum sulfide—what is the correct chemical formula?


Al2S3 is 150.17 g/mol.

7.
Determine the molar mass of sodium sulfate [Na2SO4].


142.07 g/mol.

8.
Determine the molar mass of calcium acetate.


Ca(CH3COO)2 is 158.18 g/mol.

9.
A student obtains 1.8066 x 1024 carbon dioxide molecules.  Calculate the mass of this sample.


1.8066 x 1024 CO2 molecules 
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10.
A student obtains 64.00 grams of oxygen gas (O2).  How many moles of O2 are present?  How many oxygen molecules are present?


64.00 g O2 
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2.000 moles O2 
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11.
A student obtains 50.00 grams of nitrogen gas (N2).  How many moles of N2 are present?  How many nitrogen molecules are present?

50.00 g N2 
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1.784 moles N2 
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12.
A student obtains 12.00 grams of hydrogen gas (H2).  How many moles of H2 are present?  How many hydrogen molecules are present?  How many hydrogen atoms are present?  How many protons are present?  How many electrons are present?

12.00 g H2 
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5.941 moles H2 
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3.577 x 1024 H2 molecules 
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7.155 x 1024 H atoms 
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7.155 x 1024 H atoms 
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13.
A student obtains 100.00 grams of sulfur hexafluoride gas (SF6).  How many moles of SF6 are present?  How many SF6 molecules are present?  How many sulfur atoms are present?  How many fluorine atoms are present?  How many electrons are present?

100.00 g SF6 
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0.6846 moles SF6 
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4.123 x 1023 SF6 molecules 
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4.123 x 1023 SF6 molecules 
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4.123 x 1023 SF6 molecules 
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14.
A student obtains 50.00 grams of calcium hydroxide.  Determine the number of hydroxide ions present in the sample.  Determine the numbers of calcium ions present.


50.00 grams Ca(OH)2 
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0. 6755 moles Ca(OH)2 
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4.068 x 1023 Ca(OH)2 units 
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4.068 x 1023 Ca(OH)2 units 
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15.
Determine the molar mass of sodium sulfate [Na2SO4].


2 x Na
=
2 x 23.00 g/mol


+
1 x S
=
1 x 32.06 g/mol


+
4 x O
=
4 x 16.00 g/mol





_____________





142.06 g/mol

16.
Determine the molar mass of calcium acetate.


Ca(CH3COO)2

1 x Ca
=
1 x 40.08 g/mol


+
4 x C
=
4 x 12.01 g/mol


+
6 x H
=
6 x 1.01 g/mol


+
4 x O
=
4 x 16.00 g/mol





_____________





158.18 g/mol

17.
How many bonds does a carbon atom form in a molecule?  Four.

Think of it as the inert gases (Group 18 gases including Ne, Ar, Xe...) form zero bonds.

Think of it as the Group 17 elements (F, Cl, Br...) form one bond.

Think of it as the Group 16 elements (O, S, and Se) form two bonds.

Think of it as the Group 15 elements (N and P) form three bonds.

Think of it as the Group 14 elements (C and Si) form four bonds.

Give three examples.  CH4, CH3CH3, CH3CH2CH3, CCl4, and millions of others...

Is CH3CH3 stable—can it be stored at room temperature?  Yes, each carbon atom has four bonds; each hydrogen atom has one bond.

18.
How many bonds does a nitrogen atom form in a molecule?  Three (see explanation above).

Give two examples.  NH3, NH2NH2, N2H4.

Is NF3 stable—can it be stored at room temperature?  Yes, the nitrogen atom has three bonds; each fluorine atom has one bond.  How about NH3?  Yes, the nitrogen atom has three bonds; each hydrogen atom has one bond.

19.
List three molecular compounds.  Name them.


H2O water


N2O5 dinitrogen pentoxide


SF6 sulfur hexafluoride and 17 million others

List three ionic compounds.  Name them.


LiCl  lithium chloride


(NH4)CO3  ammonium carbonate


CuCl2  copper(II) chloride  [why is the (II) used?]

20.
A student obtains 300.0 grams of methane, CH4.  Calculate the number of moles of methane present.


300.0 g CH4 
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21.
Given the following reaction:  C3H8    +   5 O2     3 CO2   +    4 H2O

Assume that 10.00 g of propane react with excess oxygen.  Calculate:

(A) the number of moles of propane that react

10.00 g C3H8 
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(B) the number of molecules of propane that react;

0.2267 mol propane 
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(C) the number of moles of carbon dioxide and water that are formed;


0.2267 mol propane 
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0.2267 mol propane 
[image: image27.wmf]÷

÷

ø

ö

ç

ç

è

æ

8

3

2

H

C

mol

1

O

H

mol

4

 = 0.9068 mol H2O

(D) the number of grams of carbon dioxide and water that are formed;


0.6801 mol CO2 
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(E) the number of molecules of carbon dioxide and water that are formed;


0.6801 mol CO2 
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0.2267 mol propane 
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0.9068 mol H2O 
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(F) the number of moles, grams and molecules of oxygen that are used up.


0.2267 mol propane 
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1.134 mol O2 
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1.134 mol O2 
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(G) a student collects 23.50 grams of CO2.  What is the percent yield?


Percent Yield = 
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22.
Balance the following chemical equations.

(A)
Cl2O5   +   H2O       2 HClO3  


(B)
V2O5   +   2 H2          V2O3   +   2 H2O


(C)
C7H16    +     11 O2         7 CO2    +     8 H2O

23.

 (A)
What is the mass percent composition of Na, S and O in the 






compound Na2SO4?



The molar mass of Na2SO4 is 142.06 g/mol



The mass of sodium in Na2SO4 is 2 x 23.00 g/mol = 46.00 g/mol



The mass percent of sodium in Na2SO4 is the part "over the whole."



Mass percent of sodium in Na2SO4 = 
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The mass of sulfur in Na2SO4 is 1 x 32.06 g/mol = 46.00 g/mol



The mass percent of sulfur in Na2SO4 is the part "over the whole."



Mass percent of sodium in Na2SO4 = 
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The mass of oxygen in Na2SO4 is 4 x 16.00 g/mol = 64.00 g/mol



The mass percent of oxygen in Na2SO4 is the part "over the whole."



Mass percent of oxygen in Na2SO4 = 
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(B)
What is the mass percent composition of Ca, N and O in the compound Ca(NO3)2?



The molar mass of Ca(NO3)2 is 164.10 g/mol



The mass of calcium in Ca(NO3)2 is 1 x 40.08 g/mol = 40.08 g/mol



The mass percent of calcium in Ca(NO3)2 is the part "over the whole."



Mass percent of calcium in Ca(NO3)2 = 
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The mass of nitrogen in Ca(NO3)2 is 2 x 14.01 g/mol = 28.02 g/mol



The mass percent of nitrogen in Ca(NO3)2 is the part "over the whole."



Mass percent of calcium in Ca(NO3)2 = 
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The mass of oxygen in Ca(NO3)2 is 6 x 16.00 g/mol = 96.00 g/mol



The mass percent of oxygen in Ca(NO3)2 is the part "over the whole."



Mass percent of oxygen in Ca(NO3)2 = 
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24.  Calculate the number of moles of Al ions and chloride ions in 15.00 g of AlCl3?

15.00 g AlCl3 
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0.1125 mol AlCl3 
[image: image44.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

3

3

AlCl

 

mol

 

1

1

molAl

 = 0.1125 mol Al3+

0.1125 mol AlCl3 
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25.
A student obtains 12.011 grams of carbon.  How many moles of carbon are present?  How many carbon atoms are present?


12.011 g C 
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1.0000 mol C 
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26.
A student obtains 24.022 grams of carbon.  How many moles of carbon are present?  How many carbon atoms are present?


24.022  g C 
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2.0000 mol C 
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27.
A student obtains 18.015 grams of water.  How many moles of water are present?  How many water molecules are present?  How many oxygen atoms are present?  How many hydrogen atoms are present?


The Molar Mass (AKA Molecular Weight, AKA MM, AKA MWT) is 18.015 g/mol from the following:


One oxygen atom
=
15.9994
g/mol


One hydrogen atom
=
1.0079

g/mol


One hydrogen atom
=
1.0079

g/mol


_________________________________________


H2O


= 
18.015

g/mol


18.015  g H2O 
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1.0000 mol H2O 
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6.022 x 1023 H2O molecules 
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6.022 x 1023 H2O molecules 
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28.
A student obtains 32.04 grams of methanol, CH3OH.  How many moles of methanol are present?


The Molar Mass (AKA Molecular Weight, AKA MM, AKA MWT) is 32.04 g/mol from the following:


One carbon atom
=
12.01

g/mol


One oxygen atom
=
16.00

g/mol


Four hydrogen atoms
=
4 * 1.0079
g/mol


_________________________________________


CH3OH

= 
32.04

g/mol


32.04  g CH3OH 
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29.
A student obtains 100.00 grams of methanol, CH3OH.  How many moles of methanol are present?  How many methanol molecules are present?  How many carbon atoms are present?  How many hydrogen atoms are present?  How many oxygen atoms are present?


100.00  g CH3OH 
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3.121 mol CH3OH 
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1.880 x 1024 CH3OH molecules 
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1.880 x 1024 CH3OH molecules 
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1.880 x 1024 CH3OH molecules 
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30.
What are the percent compositions in carbon dioxide?


CO2 = 44.01 g/mol


C = 12.01 g/mol


2 O = 32.00 g/mol


% C = 
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% O = 
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31.
What are the percent compositions in carbon monoxide?


CO = 28.01 g/mol


C = 12.01 g/mol


O = 16.00 g/mol


% C = 
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% O = 
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32.
Sketch a cartoon of the PTE (Periodic Table of the Elements).  Identify the metal and non-metal regions with labels and a "staircase."  What charges do the metals obtain?  Do metals lose or gain electrons?  How many?  What charges do the non-metals obtain?  Do non-metals lose or gain electrons?  How many?  What are molecules composed of.  Give three examples.  What are ionic compounds composed of?  Give three examples.
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In forming ionic compounds:


Metals lose electrons (Group 1 lose 1; Group 2 lose 2; Al loses 3).


Non-metals gain electrons (Group 18 gain 0; Group 17 gain 1; Group 16 gain 2; Group 15 gain 3; Group 14 gain 4).


In forming molecules, non-metals form bonds in which Group 17 form 1 bond; Group 16 form 2 bonds; Group 15 form 3 bonds; Group 14 form 4 bonds.  Samples of molecules include H2O, CH4, CO2, C8H18.

33.
The chemical formula of lithium phosphate is Li3PO4
The chemical formula of copper(I) phosphate is Cu3PO4
The chemical formula of iron(II) phosphate is Fe3(PO4)2
The chemical formula of ammonium carbonate is (NH4)2CO3
The chemical formula of ammonium sulfide is (NH4)2S

34.
The chemical formula of phosphorous pentachloride is PCl5

The chemical formula of carbon dioxide is CO2
35.
Identify two elements.



He
Ar


Identify two compounds.



CaS
NO


Identify two homogeneous mixtures.


(Same throughout)  NaCl, milk


Identify two heterogeneous mixtures.  Explain.


(Different throughout)  orange juice, pizza, granite

36.
A student measures the length of a crystal to be 0.04678 cm.

(A)  Express this length in meters. (B)  Express this length in km. (C)  Express this length in inches. [Given: 1 inch = 2.54 cm] (D)  Express this length in mm.

(A)
0.04678 cm 
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0.04678 cm 
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37.
Determine the number of protons, neutrons, and electrons in each of the following:

	
	p
	n
	e-

	212Pb2+
	82
	212 - 82 = 130
	82 - 2 = 80

	14C
	6
	14 – 6 = 8
	6

	12C4-
	6
	12 – 6 = 6
	6 + 4 = 10

	235U2+
	92
	235 – 92 = 143
	92 – 2 = 90


38.
What are isotopes.  Give an example.


Species with the same number of protons but different number of neutrons.


14C and 12C

39.
Determine the molar masses (AKA atomic masses) of Ne, Ca, S, and Na.


Ne = 20.179 g/mol


Ca = 40.08 g/mol


S = 32.06 g/mol


Na = 23.00 g/mol

40.
Determine the molar masses of calcium hydroxide, ammonium carbonate, and CuF2.


Ca(OH)2 = 74.10 g/mol


(NH4)2CO3 = 96.07 g/mol


CuF2 = 101.55 g/mol

41.
A student obtains 5.550 x 1024 water molecules.  Calculate the mass of this sample.


5.550 x 1024 water molecules 
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42.
A student obtains 96.00 grams of oxygen gas (O2).  How many moles of O2 are present?  How many oxygen molecules are present?


96.00 g O2 
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3.000mol O2
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43.
Given the following reaction:  C3H8    +   5 O2     3 CO2   +    4 H2O

Assume that 88.22 g of propane react with excess oxygen.  Calculate:

(A) the number of moles of propane that react;
88.22 g C3H8 
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(B) the number of molecules of propane that react;

2.000 mol propane 
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(C) the number of moles of carbon dioxide and water that are formed;


2.000 mol propane 
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(D) the number of grams of carbon dioxide and water that are formed;


6.000 mol CO2 
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2.000 mol propane 
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8.000 mol H2O 
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(E) the number of molecules of carbon dioxide and water that are formed;


6.000 mol CO2 
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8.000 mol H2O 
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(F) the number of moles, grams and molecules of oxygen that are used up.


2.000 mol propane 
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10.00 mol O2 
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10.00 mol O2 
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(G) a student collects 23.50 grams of CO2.  What is the percent yield?


Percent Yield = 
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44.
Balance:
C11H24    +     O2         CO2    +     H2O


How many moles of water are produced if four moles of C11H24 are consumed?


C11H24    +     17 O2         11 CO2    +     12 H2O

4 moles of C11H24 
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45.
Balance:
Li + O2  Li2O


How many moles of Li2O are produced if eight moles of Li are consumed?


2 Li + 
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4 Li + O2  2 Li2O
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46.
Write and solve two of your own sig fig questions here.


How many sig figs in 0.02230?  4


12.300 * 12.33 = 151.7
47.
A compound has a density of 0.933 g/mL.  What is the volume of 34.8 g?


d = 
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48.
Determine the mass percent composition of lithium sulfate.


Li2SO4 = 109.94 g/mol


2 Li = 2 * 6.941 g/mol = 13.88 g/mol


1 S = 32.06 g/mol


4 O = 64.00 g/mol


% Li = 
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49.
A student measures the length of a crystal to be 0.0225 cm.

(A)  Express this length in meters.  (B)  Express this length in km.  (C)  Express this length in inches. [Given: 1 inch = 2.54 cm]  (D)  Express this length in mm.

(A)
0.0225 cm 
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2.250 x 10-4 m 
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50.
The volume of a cube is measured to be 643.10 cm3.  (A)  Express this volume in inch3. [Given: 1 inch = 2.54 cm]  (B)  Express this volume in feet3.  [Given: 12 inches = 1 foot]  (C)  Express this volume in mL (make a comment)  (D)  Express this volume in L.

(A)
643.10 cm3 
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39.244 inch3
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(C)
643.10 cm3 
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[1 mL = 1cm3]


(D)
643.10 mL 
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51.
How many significant figures are in each number?  Underline the significant 
figures.

(A)
23.4


(C)
6.523401 x 10-4

(E)
0.02020



3



7




4


(B)
23.40


(D)
0.03783


(F)
200.0



4



4




4

52.
Express the result with the correct number of sig figs:


(A)
65.34612 + 9065.5 =


(C)
0.0442810 +  23.4 =



9130.8





23.4

(B)
878.94 * 2.8 =



(D)
0.038120 + 0.038120 =


2.2 x 103




0.076240

53.
A student combusts 250.0 grams of octane, C8H18 (l), in an excess amount of oxygen.  How many grams of carbon dioxide are produced?  What is the percent yield if the student produces 710.2 grams?

C8H18 (l)   +   O2 (g)   →   CO2 (g)   +   H2O (g)




(1)

Balanced:

C8H18 (l)   +   
[image: image102.wmf]2
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 O2 (g)   →   8 CO2 (g)   +   9 H2O (g)



(2)

or

2 C8H18 (l)   +   25 O2 (g)   →   16 CO2 (g)   +   18 H2O (g)



(3)

250.0 g                                       _______ g

    ↓ Step 1



↑ Step 3

______ mol             →               ______ mol



      Step 2

Step 1:  Calculate the number of moles of octane that react

250.0 g C8H18 
[image: image103.wmf]÷

÷

ø

ö

ç

ç

è

æ

g

23

.

114

mol

1

 = 2.189 mol C8H18

Note:  The molar mass of C8H18 is 114.23 g/mol (8 carbons and 18 hydrogens)

Step 2:  Calculate the number of moles of CO2 produced

2.189 mol C8H18 
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Note:  Reaction (2) was used.  Reaction (3) could have been used to give the same result.

Step 3:  Calculate the number of grams of carbon dioxide that are produced
17.51 mol CO2 
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Note:  The molar mass of CO2 is 44.01 g/mol (1 carbon and 2 oxygens)

What is the percent yield?


Percent Yield = 
[image: image106.wmf](

)

%

100

÷

÷

ø

ö

ç

ç

è

æ

mass

l

theoretica

mass

actual

 = 
[image: image107.wmf]÷

÷

ø

ö

ç

ç

è

æ

g

6

.

770

g

710.2

(100%) = 92.16 %

What is the mass percent compositions of the elements in octane?

C8H18 = 114.23 g/mol

C8 is 8 * 12.011 g/mol = 96.09 g/mol

H18 is 18 * 1.0079 g/mol = 18.14 g/mol

% C = 
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54.
Natural strontium consists of the following isotopes:

	Isotope
	Molar Mass, u
	Percent Abundance

	Strontium-84
	83.913
	0.56

	Strontium-86
	85.909
	9.86

	Strontium-87
	86.909
	7.00

	Strontium-88
	87.906
	82.58



Calculate the molar mass of strontium.


The molar mass is the weighted average:


Molar mass 
=
(83.913 g/mol)(0.0056) + (85.909 g/mol)(0.0986) + 

(86.909 g/mol)(0.070) + (87.906 g/mol)(0.8258)




= 
87.634 g/mol
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