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Question 1 (12 points)
(a) What is the difference between a physical property and a chemical property? Give one example of each property.

Physical property does not involve changing the composition of a substance but chemical property involves changing the substance into another substance


(b) Which of the following properties are intensive and which are extensive: area, length, volume, temperature, mass, density?

Intensive: density


Extensive: area, length, volume, temperature, mass


(c) What is the difference between a molecule and a compound? Write a formula for a molecule that is also a compound and a molecule that is not a compound.

A molecule consists of two or atoms; may be atoms of the same element or different elements whereas a compound consists of atoms from different elements 

Also a compound: H2O		Not a compound: H2

Question 2 (13 points)
(a) The speed of sound in air at room temperature is about 343 m/s (meters per second). Calculate this speed in miles per hour.






(b) In the determination of the density of a rectangular metal bar, a CSU student made the following measurements: length = 8.53 cm; width = 2.4 cm; height = 1.0 cm; mass = 52.7064 g. Calculate the density of the metal to the correct number of significant figures.

V = 8.53 cm x 2.4 cm x 1.0 cm = 20.427 cm3

d = m/V = 52.7064 g/ 20.427 cm3 = 2.6 g/cm3





Question 3 (12 points)
(a) Which of the following symbols provides us with more information about the atom:                                             23Na or 11Na? Explain.

23Na: number of neutrons can be determined from mass number

(b) Peroxyacylnitrate (PAN) is one of the components of photochemical smog. It is a compound of C, H, N, and O. PAN has the following composition by mass: 19.8% C, 2.50% H, 11.6% N. What is its molecular formula if its molar mass is 121.05 g/mol?

Assume 100.0 g sample

       C		        H		            N		      O		            





		                		     





                                          

= 1.99		= 2.99		        = 1.00		     = 4.99	         
≈ 2		≈ 3			≈ 1		      ≈ 5			

Empirical Formula: C2H3NO5
Empirical molar mass = 121.06 g/mol
Multiple = 121.06/121.06 = 1
Molecular formula = C2H3NO5

Question 4 (13 points)
(a) Which of the following compounds are likely to be ionic and which are likely to be molecular: SiCl4, LiF, BaCl2, B2H6, KF, and C2H4?

Ionic: LiF, BaCl2, KF

Molecular: SiCl4, B2H6, and C2H4

(b) Pheromones are a special type of compound secreted by the females of many insect species to attract the males for mating. One pheromone has the molecular formula C19H38O. Normally, the amount of this pheromone secreted by a female insect is about 1.0 x 10-12 g. How many molecules are there in this quantity?





Question 5 (12 points)
Predict the products, balance, and then write net ionic equations for the following reactions (Hint: make use of solubility rules).

AgNO3(aq)  +  Na2SO4(aq)  →  

2AgNO3(aq)  +  Na2SO4(aq)  →  Ag2SO4(s)   +   2NaNO3(aq)

	2Ag+(aq)  +  SO42-(aq)   →   Ag2SO4(s)

(NH4)2CO3(aq)  +  CaCl2(aq)  →

	(NH4)2CO3(aq)  +  CaCl2(aq)  →   2NH4Cl(aq)   +   CaCO3(s)

	Ca2+(aq)  +  CO32-(aq)   →   CaCO3(s)

Na2S(aq)  +  ZnCl2(aq)  →

Na2S(aq)  +  ZnCl2(aq)  →   ZnS(s)    +   2NaCl(aq)

Zn2+(aq)  +  S2-(aq)   →   ZnS(s)


Question 6 (12 points)
(a) Nitrous oxide, N2O, has been used as a dental anesthetic. The average speed of an N2O molecule at 25 oC is 379 m/s. Calculate the kinetic energy (in joules) of an N2O molecule traveling at this speed.

Mass of 1 mol N2O = 2(14.01) + 16 = 44.02 g/mol 
1 mol N2O = 6.022 x 1023 molecules




(b) How much energy (in kJ) is carried by one mole of photons of red light at 650 nm?






Question 7 (12 points)
(a) In each part, a set of quantum numbers is given. If the set is an allowed combination of n, l, ml, and ms, give the number of orbitals and the maximum number of electrons. If the combination of quantum numbers is not allowed, state why. 

(i) n = 3, ml = 1, ms = -1/2

2 orbitals and 2 electrons

(ii) n = 4, l = 2, ml = -2

1 orbital and 2 electrons

(iii) n = 3, ml = 0

3 orbitals and 6 electrons


(b) The gas in interstellar space consists largely of H atoms. These atoms undergo emission over various levels. How much energy is emitted when an electron in such a H atom undergoes transition from level n = 110 to n = 109. 




Question 8 (13 points)
The standard enthalpy of formation at 25oC of HF(aq) is -320.1 kJ/mol; of OH-(aq) is       -229.6 kJ/mol; of F-(aq) is -329.1 kJ/mol; and of H2O(l) is 285.8 kJ/mol. 
(a) Calculate the standard enthalpy of reaction (Ho) of
      HF(aq)  +  OH-(aq)   →   F-(aq)  +  H2O(l) 

(-329.1 + 285.8) – (-320.1 – 229.6) = (-43.3) – (-549.7) = +506.4 kJ/mol

(b) Given that -56.2 kJ/mol is the standard enthalpy change of the reaction
      H+(aq)  +  OH-(aq)   →   H2O(l)   	 Ho = -56.2 kJ/mol
Calculate the standard enthalpy change for the reaction
HF(aq)   →   H+(aq)  +  F-(aq)
[Use Hess’s law and the result in part (a) above]

HF(aq)  +  OH-(aq)   →   F-(aq)  +  H2O(l)		Ho =	+506.4 kJ/mol
H2O(l)   →   H+(aq)  +  OH-(aq)         	Ho = +56.2 kJ/mol

HF(aq)   →   H+(aq)  +  F-(aq)			Ho =	+506.4 + 56.2 = 562.6 kJ/mol



Question 9 (12 points)
(a) Obtain the oxidation number for the element noted in each of the following.
(i) As in HAsO42-

O = -2. H = +1, and As = +5		1 + x + 4(-2) = -2, x = +5

(ii) Cl in Cl2

Cl = 0

(b) Balance the redox reaction below.
      Cr2O72-(aq)  +  C2O42-(aq)   →   Cr3+(aq) +  CO2(g)  (in acidic medium)

	Cr2O72-(aq)  +  14H+(aq)  +  6e-  →   2Cr3+(aq) + 7H2O(l)   
Balance Cr with 2; O with 7H2O; H with 14H+; electrons with 6e-

	C2O42-(aq)   →   2CO2(g)  +  2e-
Balance C with 2; O is balanced and there is no H; electrons with 2e-

Multiply second half reaction with 3 to equalize electron count
3C2O42-(aq)   →   6CO2(g)  +  6e-

Combine both half reactions
	Cr2O72-(aq)  +  3C2O42-(aq)  +  14H+(aq)   →  2Cr3+(aq) +  6CO2(g)  +  7H2O(l)


Question 10 (12 points)
(a) A 46.2-mL, 0.568 M calcium nitrate [Ca(NO3)2] solution is mixed with an 80.5-mL, 1.396 M calcium nitrate solution. Calculate the concentration of the final solution.

VT = 46.2 + 80.5 = 126.7 mL = 0.1267 L

mT = (0.0462 L x 0.568 M) + (0.0805 L x 1.396 M) = 0.139 mol

M = 0.139 mol/0.1267 L = 1.09 M


(b) A quantity of 25.0 mL of a 0.866 M KNO3 solution is poured into a 500-mL volumetric flask, and water is added until the volume of the solution is exactly 500 mL. What is the concentration of the final solution?





“Exactly 500 mL” so can be considered as 3 significant figures.
Question 11 (13 points)
One of the reactions that occurs in a blast furnace, where iron ore is converted to cast iron, is 
Fe2O3  +  3CO  →  2Fe  +  3CO2
Suppose that 1.64 x 103 kg of Fe are obtained from a 2.62 x 103-kg sample of impure Fe2O3. Assuming that the reaction goes to completion, what is the percent purity of Fe2O3 in the original sample?









Question 12 (13 points)
Some commercial drain cleaners contain two components: sodium hydroxide and aluminum powder. When the mixture is poured down a clogged drain, the following reaction occurs:
2NaOH(aq)  +  2Al(s)  +  6H2O(l)   →   2NaAl(OH)4(aq)  +  3H2(g)
The heat generated in this reaction helps melt away obstructions such as grease, and the hydrogen gas released stirs up the solids clogging the drain. Calculate the volume of H2 formed at STP if 3.12 g of Al is treated with an excess of NaOH.





PV = nRT














Question 13 (12 points)
(a) Write down the number of valence electrons and core electrons in the atoms having the following electron configurations. How many electrons must the atoms with the following electron configurations gain or lose in order to achieve octet of their valence shell?
(i) 1s22s22p63s23p5	

Valence = 7		core = 10		gain 1 electron



(ii)1s22s22p63s23p64s1

Valence = 1		core = 18		lose 1 electron




(b) Group the following electron configurations in pairs that would represent similar chemical properties of their atoms:
1s22s22p63s23p5, 1s22s22p63s2, 1s22s2, 1s22s22p5, 1s22s22p6, 1s22s22p63s23p64s23d104p6

1s22s22p63s23p5  and  1s22s22p5

1s22s22p63s2 and  1s22s2

1s22s22p6  and  1s22s22p63s23p64s23d104p6






(c) Consider an ion with the symbol X3+ formed from a representative element. What is the Lewis symbol of the element?

					   .
					· X ∙








Question 14 (13 points)
(a) What is meant by hybridization? 

The assumption that orbitals mix to form new orbitals

(b) Give the number and type of hybrid orbitals that can be formed when the following are mixed:

(i) one s orbital and three p orbitals.		4 sp3

(ii) one s orbital, three p orbitals, and one d orbital.		5 sp3d

(c) What is the maximum number of electrons that can be found in the following?

The third shell		2(3)2 = 18

The f subshell 		14


Question 15 (13 points)
(a) Define electronegativity.

Ability of an element to attract electrons to itself.

(b) What are the general trends of electronegativity across the periods and down the groups in the periodic table? 

More negative from left to right, group 8A not electronegative; less negative down the groups. 

(c) The molecule Cl2 is nonpolar, but HCl is polar. Explain.

Cl is more electronegative than H so there is unequal sharing of electrons in HCl. H has a partial positive charge whilst Cl has a partial negative charge.


(d) Write the symbols δ+ and δ- over the atoms that are in polar bonds.

δ+     δ-
C — Cl

δ+     δ-
H — O

δ-     δ+
S — H
Question 16 (13 points)
(a) Resonance structures of the molecule CO2 exist. Draw Lewis structures of the different resonance structures and explain why some of them are less favorable.
                                    
  . .         . .
: O : C : O :		formal charges: -1 on both O, +2 on C
  · ∙         · ∙

  . .       
: O : C ::: O :		formal charges: -1 on left O, +1 on right O, 0 on C
  · ∙    

                 . .
: O ::: C : O :		formal charges: +1 on left O, -1 on right O, 0 on C
                 · ∙

                  . .
: O :: C :: O :		formal charges: 0 on all hence more favorable
  · ∙    


(b) Draw Lewis structures for the following molecules and predict the molecular geometry and polarity of each molecule.

(i) SeF4
                     . .
                   : F :
              . .    . .   . .
 (
· .
)	: F : Se : F :
              · ∙    ∙ ∙    · ∙
                   : F :
                     ∙ ·
Trigonal pyramydal, seasaw, polar

(ii) XeF4
                     . .
                   : F :
 (
· .
)             . .    . .     . .
 (
· .
)	: F : Xe : F :
              · ∙    ∙ ∙    · ∙
                   : F :
                     ∙ ·

Octahedral, square planar, nonpolar


Bonus (10 points)
Write two metals and two nonmetals that you have encountered today. Write formulas for two compounds that might result from the combination of these metals and nonmetals. Name these compounds.

Metals: Na and Al

Nonmetals: Cl and O

NaCl: sodium chloride

Al2O3: aluminum oxide

A lot of examples are available



10

oleObject2.bin

image3.wmf
g/mol

1.01

g

2.50


oleObject3.bin

image4.wmf
g/mol

14.01

g

11.6


oleObject4.bin

image5.wmf
g/mol

16.00

g

66.1


oleObject5.bin

image6.wmf
mol

 

0.828

mol

 

1.649


oleObject6.bin

image7.wmf
mol

 

0.828

mol

 

2.48


oleObject7.bin

image8.wmf
mol

 

0.828

mol

 

0.828


oleObject8.bin

image9.wmf
mol

 

0.828

mol

 

4.131


oleObject9.bin

image10.wmf
molecules

10

x

2.1

10

x

6.022

x

g

282.57

mol

1

x

g

1.0x10

9

23

12

=

-


oleObject10.bin

image11.wmf
J

10

x

5.25

s

m

379

x

molecules

10

x

6.022

mol

1

x

g

1000

kg

1

x

mol

1

g

44.02

x

2

1

mV

2

1

molecule

1

of

KE

21

-

2

23

2

=

÷

ø

ö

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

=

=


oleObject11.bin

image12.wmf
(

)

(

)

(

)

(

)

kJ

180

 

 

J

10

x

180

m

10

x

6.50

m/s

10

x

3.00

Js

10

x

6.626

10

x

6.022

λ

nhc

E

3

7

8

34

23

=

=

=

=

-

-


oleObject12.bin

image13.wmf
J

10

x

3.318

J

110

1

109

1

10

x

2.178

ΔE

24

2

2

18

-

-

-

=

÷

ø

ö

ç

è

æ

-

-

=


oleObject13.bin

image14.wmf
(

)

(

)

M

0.0433

mL

500

mL

25.0

M

0.866

V

V

M

M

2

1

1

2

=

=

=


oleObject14.bin

image15.wmf
kg

10

x

2.34

O

Fe

g

159.7

x

Fe

mol

2

O

Fe

mol

1

x

Fe

g

55.85

Fe

mol

1

x

Fe

g

10

x

1.64

3

3

2

3

2

6

=


oleObject15.bin

image16.wmf
%

89.5

100

x

10

x

2.62

10

x

2.34

purity

%

3

3

=

=


oleObject16.bin

image17.wmf
2

2

2

H

mol

0.173

Al

mol

2

H

mol

3

x

Al

g

26.98

Al

mol

1

x

Al

g

3.12

H

mol

=

=


oleObject17.bin

image18.wmf
(

)

(

)

(

)

L

3.89

atm

 

1.00

K

273

K

atm/mol

L

0.08206

mol

0.173

P

nRT

V

=

=

=


oleObject18.bin

image1.wmf
miles/hr

767

hr

1

s

3600

x

km

1

mile

0.621

x

m

1000

km

1

x

s

m

343

=


oleObject1.bin

image2.wmf
g/mol

12.01

g

19.8


