page 2 0f 19

(10) . The sodium D-line is actually a pair of closely spaced spectroscopic lines
seen in the emission spectrum of sodium atoms. The wavelengths are
centred at 589.3 nm. The intensity of this emission makes it the *major
source of light and causes the yellow colour in the sodium are light. Ifa
sodium arc light is to produce 1.000 kilowatt (1000 J /s) of radiant energy at
this wavelength, what amount (mo! and g) of sodium atoms must emit
photons per second?
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(b) When ultraviolet light of wavelength 131 nm strikes a polished nickel
surface, the velocity of the ejected electrons is measured to be 1.24 x 106
m/s. Calculate the binding energy (¢) for nickel.
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(10) 2. (a) Sillicon nitride, a valuable ceramie, is made by the direct combination of
silicon and nitrogen gas at high temperature. How much silicon must

react with excess nitrogen to prepare 125 g of silicon nitride if the yield of
the reaction is 95.0%?
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(b) Liquid sulfuric acid reacts with solid sodium chloride to produce £aseous
hydrogen chloride and sodium hydrogen sulfate solid.
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1) Write the balanced reaction for this process. Ll
HaSo,10y+ Naci(s) —  Paidr NaHsos)

pﬂ L - i) A 10.0 kg mass of NaCl reacts completely with sulfuric acid to give a certain

22. o ‘?) t volume of hydrogen chloride gas at 50. °C and 1.00 bar. If the same volume
k i of hydrogen chloride gas is collected at 500. °C and 1.00 bar, what mass of
NaCl has reacted? Sin€ Nuaa = Maw
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(10) 3. The compound SF3N has been synthesized.

a) Draw the Lewis diagram of this molecule, supposing that the three fluoride
atoms and the nitrogen atom surround the sulfur atom. Indicate the bond
angles, the molecular geomeitry, the shape, and the formal charges on all
atoms. Repeat the above assuming that the three fluorine atoms and the
sulfur atom surround the nitrogen atom. Include ALL your work.
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(b)On the basis of the resuits of part (a), speculate about which arrangement is
more likely to correspond to the actial molecular structure. Explain your

answer.
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(10) 4. (a) Amixture of aluminium and iron has a mass of 9.62 g. The mixture is
reacted with aqueous HCl and the following parallel reactions (unbalanced)
oceur:

Al (s)+ HCl{aq) » AIChL (ag) + H,(g)

Fe (s)+ HCl(aq) — FeCly(aq) + Ha(g)

9.45 L of hydrogen gas was collected over water during the reaction at
1.016 bar and 29.8 °C when the metals reacted completely. What is the
percent composition of the mixture (what mass percent Al and Fe)? The
vapour pressure of water at 29.8 °C is 4.2455 kPa
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(b) Solid aluminum carbide (Al,C;) reacts with water to produce gaseous
methane and solid aluminum oxide. Write the balanced reaction and
calculate the mass of methane formed from 63.2 g of aluminum carbide.
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(10) 5. (a)Inastudy of the reaction of pyridine (C;HsN) with methyl iodide (CH3I) in

a benzene solution, the following set of initial rates was measured at 25°C ™Moy
for different initial concentrations of the two reactants: ; O) q’( - ,04 EC < " 5,\}} Ia 4;2
[ C5H5N ]o [ CH3I ]o Initial Rate s
Experiment {mol/L) {mol/L) {mol/1:-s)
1 1.00 X 104 1.00 X 104 7.5X 107
2 2.00 X 104 2.00 X 104 3.0 X 10
3 2.00 X 104 4.00 X104 6.0 X 1076

i) Determine the rate law exgressed by this data.
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b) The isomerization reaction
CH3NC - CH,CN
obeys the first-order rate law
Rate = -k [CH,NC]

in the presence of an excess of argon. Measurements at 500 K reveal that in
520 s, the concentration of CH3NC decreases to 71% of its original value.

1) Calculate the rate constant k of the reaction at 500 K.
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ii) What will the rate of the reaction be at this time if the initial concentration Ly

is 0.0735 mol/L? X
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iii}  The rate constant for the above reaction at 600 Kis 0.41 s. Calculate the
activation energy for the reaction.

_ e L
@ e Fla

o.H Ecn L {
B L
(. byio S35 L sox_ Gool

Ls

E&«:—/ (60t (( ‘é
ol

iv)  Determine the frequency factor (pre-exponential factor, A) at 600 K.
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V) Calculate the rate constant for this reaction at 1000 K.

R
[1] %&;%fn T

L/‘ k[ B ]ﬁotfoow% ' _‘__‘____’__,L_.

O.L‘F' g‘g‘\fw%ié




page 8 of 19

(10) 6. (i) Silver arsenate is a slightly soluble salt having Ksp = 1.0 x 1022 at 25°C for
the equilibrium

AgsAsO, (s) = 3 Ag* {aq) + AsO,3 (aq)

Calculate the molar solubility of silver arsenate in pure water at 25°C.
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(a2) 7. (a) Consider the titration of 40.00 mL of 0.1000 mol/L (Ce?! 5)NH: (ag)
with 0.1000 mol/L HCI (aq). (K for (C:H;)NH: (ag) is 6.41 x 104 at
25°C)

i) What is the original pH of the solution of (C.H;)NH. (aq)?
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V) What is the pH at 1.000 mL after equivalence?
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(b) At 40.0 °C and 1.00 bar pressure, a gaseous monoprotic acid has a density of 1.05
g/L. After 1.85 g of this gas is dissolved in water and diluted to 450 mL. the pH is
measured to be 5.01. Determine the K, of this acid.
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(8) 8. The equilibrium constant for the reduction of nickel(IHJoxide to nickel at 754°C
is 255.4, corresponding to the reaction

NiO (s) + CO (g) = Ni (s) + CO= (8) K =255

If the total pressure of the system at 754°C is 2.50 bar, calculate the partial
pressures of both gases at equilibrium.
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(b) You have a supply of ice at 0.0 °C and a glass containing 150 g of water at
25°C. The enthalpy of fusion for ice is AusH®= 333 J/g and the specific heat
capacity of water is 4.18 J/g-°C. What mass of ice must be added to the glass
and melted to reduce the temperature of the water to 0.0°C?
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(10) 9. Dianabol is one of the anabolic steroids that has been used by some
athletes to increase the size and strength of their muscles. It is similar to
the male hormone testosterone. Some studies indicate that the desired
effects of the drug are minimal, and the side effects, which include sterility
and increased risk of liver cancer and heart disease, keep most people from
using it. The molecular formula of Dianabol, which consists of carbon,
hydrogen, and oxygen, can be determined using the data from two
different experiments. In the first experiment, 14.765 g of Dianabol is
burned, and 43.257 g CO2 and 12.395 g H20 are formed. In the second
experiment, the molecular mass of Dianabol is found to be 300.44 g/mol.
What is the molecular formula for Dianabo}?

N =0, = 2 3_3___;}_5}_5 = o'qggﬂmg\

¢ GO:: t'/\Vl’ \._\\)‘,0\2" AN AN
o
e O MM :’(\@on%‘;\ o.qga‘imom - “'303
o ® 1R 3¢S
Ny, © —2 = 005 5 1638wk
Moo (g0
Me{g ) 1,23 5% mel
Oy = A04,p = X (06FFBmet e

=T, MM T U\OO:WN%O.‘P\'U ‘ %?S:’lm"’?): “,_j’__’_;d%

™M,
_ s — WBog - | 206
M, = ms‘&“‘?d M- MY, - Mk j 3 = 1,5%5\

N Mg 15485 - o.o‘]?éfm&

-— — e
-

°T MM, T IS8994 v

Mpmc_mfl- @Md&u
Conene Mgt Cosmsts [ C o Hi ©
2XEs % —ews | ole W

MMW’ (io)(m.oui_;>4 ( [L}-)(l.no’—]qlf”%)ér( iY:Y.*’v’"‘ﬁléi—e)
- 1S022.94,

'H: Um4g = ‘\1&1— = 300 _'LH'_:'%;‘J
MMeng isb. 2224 b
" ool o J;“W‘:S 1 Cae Hag Op



