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Chemistry 1311B/1301

Test 1

October 4, 2007

Please keep your work covered and keep your eyes on your own paper!  Cheating or any appearance of cheating will result in an F in the course and possible expulsion from the University.

There are 11 pages in this exam.  A periodic table, formula sheet and the solubility rules are provided.  You may rip these 3 pages off of the exam and use them to cover your work.

Any scratch work should be on the back of the exam pages and should be handed in with your exam.

Please show all work to receive partial credit.

You have 80 minutes to complete the exam.

For each question, please write your final answer in the space provided.

1. Elemental analysis of an organic liquid composed of carbon, hydrogen and nitrogen, CxHyNz, with a fishy odour gives the following elemental mass percentages:  C 71.22 %; N 13.84 %.  Vaporization of 250 mg of the compound in a 150 mL bulb at 150 C give a pressure of 435 torr.  

a) (5 points) Determine the empirical formula for this compound.

b) (5 points)What is the molecular formula?

100g sample

C 71.22g, 12 g/mole moles: 71.22/12 = 5.935 moles

N 13.84 g, 14 g/mole: 13.84/14 = 0.9886 moles

H: 100g-71.22g-13.84g = 14.94 g, 1g/mole: 14.94/1 = 14.94

Divide each by smallest number of moles in hopes of getting whole numbers:

C 5.935 moles/0.9886=6.0

N 0.9886 moles/0.9886 = 1

H: 14.94/0.9886=15.1

C6H15N

Empirical Formula: ___ C6H15N_______________

Mass = 250 x 10-3 g

V =0.15L

T =150+273 = 423 K

P =435 torr/760 = 0.573 atm

nCxHyNz=PV/RT = 0.573*0.15/(0.08206*423) = 2.476x10-3

MM = g/mole = 250x10-3 g/2.476x10-3 moles = 100.96 g/mole

MM of empirical formula = 6(12)+15(1) +14 =101

MMexpt/ MMempirical =100.96/101 =1

C6H15N

Molecular Formula:_____ C6H15N______________

2. You have two solutions, the first containing 100.0 ml of 1.50 M calcium nitrate (Ca(NO3)2) and the second containing 75.0 ml of 3.00 M ammonium sulphate (NH4)2SO4.
a)  (3 points)Identify the ions present in each of the solutions (give the chemical formula for the ions, including appropriate charge).

Ca2+       NO3-  NH4+    SO42-

b) (1 point)Will a precipitation reaction occur?

Answer:____yes______________
c) (1 point)If so, which species precipitates?

Precipitate: ____CaSO4___________
d) (1 point)Write the net ionic equation:

Ca2+(aq) +SO42-(aq) ( CaSO4(s)
e) (4 points)What is the mass of the precipitate?
Moles Ca2+ :  0.100L x 1.5 M = 0.15 moles

Moles SO42-: 0.075 L x 3M = 0.225 moles

Ca2+ is limiting

Moles CaSO4 = 0.15 moles

Mass CaSO4 = 0.15 moles x (40 +32+4(16))g/mole = 20.4 g

Bonus (2 points)What is the concentration of NH4+ in the solution at the end of the reaction?
Moles of NH4+ = 0.225 moles SO42- x 2 NH4+/1 SO42- = 0.45 moles

Concentration = moles /L = 0.45 moles / (0.175 L) = 2.57 M
3. An element with three stable naturally occurring isotopes has a molecular mass of 28.08860 g/mol.  The first isotope has natural abundance of 92.23 % and a isotopic molar mass of 27.97693 g/mol, the second isotope has natural abundance of 4.67 % and isotopic molar mass of 28.97649 g/mol.

a) (1 point) What is the natural abundance of the third isotope?

3.10 %

b) (3 points)Determine the isotopic molar mass of the third isotope.

28.0886 =0.9223(27.97693 g/mol)+0.0467(28.97649)+0.0310(x)

X=30.0734

Isotopic molar mass:____ 30.0734g/mole____________________
c) What is this element (1 point)?______Si________________

d) A common ion of this element is M4+ (3 points).  

How many protons does M4+ have?___14____________

How many neutrons does the least abundant isotope of 

M4+ have?____16___________

How many electrons does M4+ have?_____10__________

4.) (10 points)An aluminium pan weighing 750 g holds 500 g of water at 25 0C.  Into this water you bubble 10 g of steam at 100 oC.  The aluminium pan is in an thermally insulated container so you can assume that no heat is lost to the environment. You may need some / all of the following data:

specific heat capacity of water(l) is 4.18 J g-1 C-1
molar heat capacity of water(l) is 75.91 J mol-1 C-1


molar heat capacity of Al(s) 24.35 J mol-1 C-1


heat of vaporization of H2O 40.79 kJ mol-1

heat of fusion of H2O = 6.01 kJ mol-1
What is the final temperature reached by a) the water and b) the aluminium pan?

Heat gain = -heat loss

Heat gain pan +heat gain cold water=-(heat loss g( l + heat loss hot water)

(ms(T)Al + (ms(T)cold water = -(( (H(g(l) x moles)hot water     +    (ms(T)hot water)

(750g/26.98g/mole)*24.35 J mol-1 C-1(Tf-25) + 500g(4.18 J g-1C-1(Tf-25) =

-(40.79x103 J/mole*(10g/18g/mole) + 10g(4.18 J g-1C-1(Tf-100))

Tf = 34 oC

Temperature of Al pan:___ 34 oC_______________
Temperature of water:______ 34 oC____________
5.) You make up a solution of 191  g of NaOH in a 250 ml volumetric flask.  Calculate the molarity, molality and weight percent of NaOH solution if the density of the resulting solutions is 1.53 g ml-1.
191 g NaOH, MM NaOH = 40 g/mole MMH2O = 18 g/mol density (solution) 1.53 g ml-1

Molarity: moles/l: moles NaOH = 191 g/ 40 g/mole = 4.775 moles

    Molarity = 4.775 moles/0.250 L = 19.1M

% weight:

Mass of250 ml of solution : density x volume = 1.53 g/ml x 250 ml = 382.5 g

% weight = 191/382.5 x 100 = 49.9 %

Molality: moles NaOH/kg H2O

Mass H2O = total mass – mass NaOH = 382.5-191=191.5 g =0.1915kg

Molality = 4.775moles/0.1915kg=24.9 m

Molarity: (3 points)__________19.1M________________________
Molality: (3 points)___________24.9 m________________________

Weight % NaOH:  (2 points)________49.9%_____________________
Is this solution an electrolyte? (1 point) _______yes________________

Explain(1 point):NaOH is a strong base, it dissociates completely to Na+ and OH- ions.  Since there are ions in solution, the solution is an electrolyte.

6.) ( 7 points) A piece of sodium metal reacts completely with water as

 2Na(s) + 2H2O (l) ( 2NaOH (aq) +H2(g)

The hydrogen generated is collected over water at 25 oC.  The volume of the gas collected is 246 ml at 1.0 atm.  Calculate the number of grams of Na used in the reaction.  The vapour pressure of water at 25 oC is 23.8 mm Hg.
T=273+25 = 298 K

V =246 ml =0.246 L

PT= 1 atm = PH2 + Pwater vapour

Pwater vapour = 23.8mm Hg/760 = 0.0313 atm

PH2 = 1 atm-0.0313atm=0.969 atm

NH2=PV/RT = 0.969(.246L)/(0.08206*298) = 9.7x10-3 moles of H2
Now look at balance chemical reaction:

Moles Na = 9.7x10-3 moles of H2 x 2 Na/1 H2 = 1.95x10-3 moles of Na

Mass Na = moles x MM(Na) = 1.95x10-3 moles of Na x 23 g/mole = 0.448 g
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