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1. (16 pts) Short answers - one or two points each.

a) Among the 4 emissions below, which would have the longest lifetime and the shortest
wavelength?

}* S, 17

_Energy

S| T‘I

? So —l— So SO; SO

|
A B @ D w

|
b) Classify the following indicated bonds (A to D) in order of increasing BDE.

B H C.\_‘H -
A—-—O/\'XH
O‘H
2 =
D A B e
c) In the box at right, draw the reaction profile for a r-E_;-- 1
reaction that is slow but slightly exothermic (label all } = :
parts of your diagram). If the temperature is | 1 :
increased, what are the relative effects on the rate and 1 :
equilibrium point of the reaction? E !
' i
Rate: \< i E i
@F;\Q's\ DECREASES ~ NOCHANGE :
e R ~ 0y e 7= o o S - S j
‘--------- ---------------

Liuilibrium: e
MRDS REACT@ .~ TOWARDS PRODUCTS NO CHANGE

d) Of the different types of coal found in nature, the variety with the highest energy content

is known as anthracite

e N—

€) The chain length of a chain reaction is directly proportional to

initiation termination propagation

termination propagation initiation
$ .
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f)

8)

h)

i)

k)

Cyclohexane is a very good “hydrogen donor”, yet it is not considered to be an anti-
oxidant. Why? 'Y\'\c&a_nﬁ_miugﬁ Hrs ) oo @ o & -
(j -t R S e )
Rl et B 9 HH oee s
The reaction A = products is a second order reaction in A. To md the rate

constant, one can plot \/ Cﬁ‘.\ VS. L 3 . The unit of k is M S

o -

S — .
™ €

Four identical Bunsen burners are supplied with 4 different fuels. If all the burners use
the same gas flow, which fuel creates the largest flame?

Fuel A B & D
Flame Speed (cm/s) 207 (16.3) 449 53.2

Two ways to maximize the rate constant for a diffusion-controlled reaction are '2 UL

a Solvent gf \owvviscg.s(% y 2) increase +empua+\-¢.&,

The equilibrium between CO and CO;z produced from the combustion of a hydrocarbon is
temperature wnd pressure dependent. Predict the preferred equilibrium direction at:

i.  high temperature & low pressure: CO» favoured

ii.  high pressure & low temperature: CO favoured ( CO: favoured-ﬁ

The first synthetic organic compound of industrial and commercial success was
m ) TRINITROTOLUENE ~ SULFURIC ACID VIOXX

BONUS.

Draw a mechanism for the following. What is the name of this type of radical step?

CHLD S Do — s aGHE ey i

:O.' :D"‘ N
“ \ o - d
H—C—H + S R Rl M e

V\M,v/u

BRANCHING.
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2. (10 pts) FREE RADICALS
a) (5 pts) Derive the rate law and the overall reaction for the free radical chain reaction
below. Label the scheme with step names and any rate constants you use.

CL ~—= 20 I NITATION

CH; + C+ —>= HCl + -CHq }PROPAG\Q'“QN

CH; + Cl, ke » CHiCl + Cl
2-CHg Kt CH4CHa TERMINATION

rote = k. [*cHs M Ciy \
: = k. o 3l
2% [c]) = 2k [-Cria) ~ rode = \‘?<‘\:§ €1
-

e ( %)”L [Cl;.\”z
£

b) Use the table below to answer the following questions,

Reaction Rate constant (M- &)
'Bu0- + PhCH,CH; —= 'BuOH + PhCHCH; 10x10¢ &
'BuQ- + PhCHy —— 'BuOH + PhCH,* 23x 105
CHa CHz*
'BuO- + ——  'BuOH + O 1.7x 100

(1 pt) These reactions are all examples of the radical-molecule reaction known as
Lol H

(1.5 pts) Choose one of the reactions and draw the complete mechanism.

(henema) -

A
tau-0¢ + H=R — tguo-H + Re
A
(1 pt) Are the reactions expected to be exothermic or endothermic? ExoTRERMIC

(1.5 pts) Briefly explain the trend in the values of the observed reaction rate constants.

As BPE of dhe C-H bond decreases
Eo,\l/ anda “Hhus kT
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3. (8 pts) THERMOCHEMISTRY
a) (1 pt) From the three following hydrocarbons, the best choice for a diesel fuel would be

and for gasoline, L‘md%‘_’z;yx.cﬂd-rw

cyclohexane 2-methyl-2-pentene 2-methyldecane

b) (6 pts) Using the additivity table and the values below, calculate the enthalpies of
combustion (in kJ/mol) of the two fuels you chose in part (a).

AHP of COx(g) = —303.4 kJ/imol AHP of H,0 (1) = —286 kJ/mol

CHg
|
@ CHa=CH—-CHa—CHa~ CH;‘CH;.'CHL—CH;‘CHI:_C\‘!S

B i 3 A(=0.2)
e g-(?:)?g)i\ -1.a0 }‘* ~1.0\ ‘i‘i*‘x"'l;“e’i‘): - 280,
> ) \
C-(ax1 T(-493) oz i Klme
CuHaa 41102 —2 WCOy + 12120
= [nx(-2034) +12x(-286)) - [(-280.4) + 11(0))

® - .49 x10° Kime)
CH}
|
@ CHa = ¢ =CH —CHa —CH3

A\'\g" = C(Wycad)x2 2(—\0.0)

A AH "Ar\o

s 10.3%
CJ (C)zx ) 85(“ ,1(0_03\@)(4.\34'[:5,_;(0‘].07
Ca ~(cXw) x| : mol  Kkcal kY mel

Coafcayc) st - ~41b
C -(H)_s(C) x\ -10.2

it - S 0 oep bCCL ¥ 620
. Aen® = L6 x(-303.4) + bx(-286)) ~ [(-61.0D) + qx(e))

dioi: o T (o VS

c) (1 pt) Which fuel has a higher energy content on a per carbon atom basis?

> -34Tx10°k) = -S
® -6Axi0°k) | _gap x10° k) 78
[\ C otoms C (o Clmims c

P e e R
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4. (8 pts) ORGANIC FEEDSTOCKS

a) (1 pt) Complete the following reaction:

CaCa(s) + H0()) v TS Y e = (33

b) (2 pts) In the Bergius-Pier Process, coal is transformed in an oil-like feedstock by treating

itwitha(n)  ACID BASE @ catalyst
with LOW MEDIUM hydrogen gas pressure.

c) (2 pls) Methane can be converted into a useful synthetic gas mixture called syn gas. What
are the two components of syn gas? Write the chemical equation for one of the possible
conversions seen in class.

Sjnﬁas = CO + Ha

x Omj of Hhe rachons seen in class OJ\.R_.ok)

el T R O N = T 2%,

d) (3 pts) Why are petroleum transformation processes (like cracking, reforming, elc.)
necessary? What is the principal purpose of these transformations?

The SuPPLd of +he desired frachons

dees ot makch Jhe DeEMAND oo these
materals. Thus, -the purpose of petolesm
l"es;ir\inj iS Yo nvert (:{:E_ed_l_g,_{s HeAVH

FRACTIONS ints usehl chem: cals ( instead

QC A:sCa/A ;nj -&’km') 8
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5. (8 pts) COMBUSTION

a) (3 pts) Briefly describe the properties of the flame produced when the ports on a Bunsen
burner are completely closed and completely open. What are the names of the two
different flames?

CL.OSED = DIFFusSiON FLAME CQO‘C(' _p\aryc)S)\cr\t_

O, is brought 4o Hhe flame sufac
bj 6:qu520n ‘*H\Y'Duj\n O .
Open = PREMIXED FLAME . Hotier |
h is mixed ik Phe Rael befo<
‘H"C- -p\amc. Suu"ea.c_l, :

b) (2 pts) As the port is opened, the colour of the flame changes from yellow to mostly blue.
What is the source of these two colours? Why is the colour changing?

b\o.c,\r_boéj radiabhon fom scot Par-Hde.S

Nnoisier .

N ELLow =
BLUE = €% cted stade emissiom fom Carbonj\s

inadi cates iumVirﬁ
‘Rom d-‘muSiOr\ —+o
—> COMP\dc C.OMbuS’HOh>

Char\j& Rom jc\\ou..) — blue
Combushon ek cien ge' nq
Prc-mi xed 1 ) R ( porHa.\

c) (3 pts) Mixtures of hydrogen and oxygen gas are stable at room temperature and
atmospheric pressure. Why is a match required to induce combustion? You may draw a
reaction profile to illustrate your answer.

H, + 0O, combushon has a hbh
acthvabhon enea bam‘ef'( SLOW
diechk reachon) . Addina a-
.SFo.f\c provides o- Sovrc ofF
radicals cf'ea’(\'nj an alemahre

mechanism \p;-\f\'\a., much |owe—
Ea\ <X Coord.
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6. (8 pts) ASSORTED

a) (3 pts) Below is a synthesis of MTBE. In the space underneath, add the catalyst used at
each step and circle the relative pressure needed.

/\/—.-/k_..)k.,,\{/o\

CATALYST: ZEoL\TE METRL ACiD
(Laws Act o) CH*)
LOW LOW LOW

PRESSURE: HIGH GH
IRRELEVANT IRRELEVANT

b) (2 pts) What does MTBE stand for? Why is it added to fuels?
Y rY\e-H'\j e e b ot b!u“b\ ethes

- ir‘r\vae.) Octrane numbes (r'tdu&.s
\ChOC.\C\'nﬁ)

¢) (3 pts) Thermal cracking of A, initiated by a methyl radical at 650°C, leads to one
equivalent of each of the products B to E shown below. Draw a mechanism that explains

the formation of B to E.
J\/\/\/\Q e O & )J\ + ©/\
A B c D E
s’ 1) L ®
X ?K/\/\/\Ph')cﬂq-*' % e Tl

+

- back /’3\\)‘9){*
ﬂ\/\@ < \/@\ Ph <bl"Hnj b W e Ph
1

YN e e
Cam G, —Cly . —2 . —CHy T C\—\5'

O



