DEPARTMENT OF CHEMISTRY
a e ea Midterm Examination
Chemistry 1110 (Modern Chemistry I)
UNIVERSITY 12 October, 2011

SOLUTLONS

1. Multiple choice, select 1 answer only. Do all 12 questions (2 points each, 24 total):

Q) Heat capacity is,
(d) the amount of energy required to heat an object up by 1°

(i) Absolute zero temperature is,
() OK

(iii)  Thermodynamics talks about a “system” and its “surroundings”. Thus, the surroundings of a
thermodynamic system are:

(b) the entire universe except for the system
(iv)  1f0.10 mol of H, effuses through a hole in a container in 4.6 s, how long will it take 0.10 mol of N,
to effuse through the same hole?
(d) 17s
The ratio of rates is inversely proportional to the ratio of the molar masses, so the ratio of of times (time = 1/rate)
will be directly proportional, therefore ty, = t,,. (MWt,, / MW, )"
(v) Iron ore (hematite) is converted to iron metal by the reaction:
2Fe,0,(s) + 2C(s) - 4Fe(s) + 3CO,(g)

Calculate the standard enthalpy of the reaction (as written) if AH, of Fe,O; (s) is -826 kJ/mol and
that of CO, (g) is -393.5.

(b) 472 kiimol

AH; = 4*AH( (Fe) + 3*AH, (CO,) - 2*AH, (Fe,0;) - 2*AH, (C)
= 4(0) + 3(393.5) - 2(826) - 2(0)



(vi)  100.0 g of hematite (Fe,O,) was converted to iron by the reaction in (v). 1f60.0 g of iron was isolated, what
is the percent yield?

d)  85.8%

1mol FeZO3J( 4mol Fe J( 55.85¢

j =69.969 Fe
159.70g 2mol Fe, 0, /\1mol Fe

Theoretical yield of Fe = 100g FeZOS(

Therefore, %yield = 60.0/69.96 * 100% = 85.8%

(vii)  What type of reaction is the conversion of hematite to iron metal (as shown in (v))?
(©) this is a redox reaction

The iron changes from Fe®*" to Fe°, the C changes from C° to C**.

(viii) Charles’s Law explains the behaviour of an ideal gas as temperature varies. By this law,
(e) both (b) and (c)
( (b) as temperature increases, volume increases (at constant pressure), (c) at absolute 0 (0 K), the volume of an
ideal gasis 0 )
(ix)  The insecticide DDT (C,,H,Cl;) is made by the following reaction:
2 C¢HCl + HOC,CI, - C;,H,Cl; + H,O
What is the maximum yield if 632 g of C;H;Cl is reacted with 485 g of HOC,CI,?
(d) 995 g

1mol C6H5CIJ( 1mol DDT

] = 2.81mol DDT
112.56g J\ 2mol C,H.CI

Theoretical moles from C,H.Cl = 6329 CGHBCI(

1mol Hocz(:|3j( 1mol DDT

j =329mol DDT
147.39¢ 1mol HOC,CI,

Theoretical moles from HOC,Cl, = 485¢ HOCZCIs(

C¢H:Cl is limiting, therefore 2.81 mol of DDT is produced
mass of DDT = (2.81 mol) (354.48 g/mol) = 995 g
(x) What is the correct IUPAC name of Fe,(SO,),?
@) iron(I11) sulfate

(xi)  Ammonium nitrate is a fertilizer and also one component of an explosive popular with terrorists.
What is its chemical formula?

()  NH,NO,



(xii)  Gasses are transported in cylinders at high pressure (non-ideal conditions). If the 40.0 L nitrogen
tank in my research lab contains 12.0 kg of gas at 20.°C, what is the pressure in the tank? For N,,
the van der Waals constants are a = 1.39 atm L? mol? and b = 0.0391 L mol™.

c) 284 atm
Using van der Waal's equation, n%a , solve for P.
P+—|-(V —nb)=nRT
Vv
2. In the space below, answer 2 of the following 3 questions. If you need more room, use the back of this page.

(5 points each, 10 points total)

@) Give two ways in which ideal gasses deviate from real gasses. Using the kinetic-molecular theory,
explain how this would cause a difference in the pressure of a real gas vs. pressure of an ideal gas.

1. I was looking for something that said volume of ideal gasses are 0, as opposed to real gasses which have a
volume. This could also be stated as “point masses” for an ideal gas, or that an ideal gas's volume is 0 at OK.

2. 1 was looking for something that said that intermolecular interactions were ignored in ideal gasses, but in real
gasses they are attractive.

3. Some comment about how #1 causes the pressure to increase (especially at high P, or low T), and/or how the
intermolecular forces in #2 are attractive and would serve to lower the pressure.

(b) Iron workers temper their metals by repeatedly heating the metal (in a charcoal flame) and cooling
in a bucket of water. A wrought-iron candelabra, mass 550. g at a temperature of a charcoal flame
(1400. K) is dunked into a bucket containing 10.00 L of water at 0°C. Recalling that water has a
density of (exactly) 1 g/mL, what is the final temperature of the water and iron? Specific heats are:
Suater = 4.18 JK* g s, = 0.45 ) Kt g™,

The two final temperatures must be the same (if they weren't there would be a temperature gradient and heat would
continue to flow between them!). Thus, using g = SmAT, and noting that g,;,0 = -Qr..

10.00 L of water = 10 000 mL =10 000 g H,O

note that this can be done in °C or K (actually in °C is easier because you cancel a term with the 0°C). In K,
(4.18 J/Kg)(10000 g)(T; - 1400.K) = -(0.45 J/Kg)(550. g)(T; - 273.K)

rearranged and solved for T; = 280 K (or 6.6°C)



(c) 1.50 g of sodium hydroxide (NaOH (s)) was added to 100.00 mL of aqueous sulfuric acid (H,SO,
(aq), concentration 0.250 M). Assuming the addition of NaOH does not change the volume of the
solution, calculate the amount of excess acid or base left in the solution after the reaction takes
place.

First balance the acid-base equation. Net equation would be:
2 NaOH (s) + H,S0, (aq) - 2H,0(l) + Na,SO, (aq)

1mol NaOHj(lmol Na,SO,
40.00g 2mol NaOH
theoretical yield based on H,SO, = (0.250 mol/L)(0.10000 L) = 0.0250 mol

theoretical yield (of Na,SO,) based on NaOH = 1.50g NaOH( ) =0.01875mol

Therefore NaOH is the limiting reagent, and 0.01875 mol H,SO, will be used in the reaction
Therefore, 0.0250 - 0.01875 mol = 0.0063 mol H,SO, remaining (can also be stated as 0.61 g or 0.063 mol/L)



Formula Sheet:

gasses thermochemistry general
V& q=smAT E = hv (= hf)
P
Van q:CpAT C:X\;(:}\‘f)
AH =q, = AE + PAV _ 1
Ptotal = Pl + PZ +..
PV =nRT

V2
rate, U, Mg
rate, Uy /M,
— 3RT
U= |——
Mm
constants:

R =0.08206 L atm/(mol K) = 8.315 kPa dm*/(mol K) = 8.315 J/(mol K) = 62.36 Torr L/(mol K)
standard conditions (thermodynamic) = 1.0000 atm pressure, 298.15 K, 1.0000 M

1.000 atm = 760. Torr = 101.3 kPa kilo = 10°

N, = 6.022 x 10® mol* centi = 10
¢ =2.998 x 10° m/s milli = 10°
h=6.626x10*Js nano = 107
STP = 1.0000 atm pressure and 273.15 K pico = 10*

specific heat of water (s) =4.18 J°C* g*

derived units:
N =kgms? mL =cm®

J=kg m?s? Pa=Nm®
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