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you do NOT want marked. If you make no selection, question number 6 will not be
marked.
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1. (18 pts) Short answers - one or two points each.
a) Three identical Bunsen burners are supplied with 3 different fuels. If all the burners

use the same gas flow, which fuel would produce the largest flame?

(.D Fuel Butane Propane

Flame Speed (cm/s) 33.8 36.6 39.6

b) From the three following hydrocarbons, the best choice for a gasoline would be

@ 2 e H-a\ :QL{_LQM; ____and for diesel fuel a . fﬂdiza_l,ah_mn: .

cyclohexane 2-methyl-2-pentene 2-methyldecane

c) What does the octane number of a fuel represent?

CD W Y the_rm.uu.cr__o,g e e.a(.g.'q.c_s.' abiliky to sk Knoel! -
.. isooctane in isooctane /A _heotane e raee ‘Qai
(7 /n-heg

d) A large quantity of NaCl is added to a concentrated aqueous solution of SDS. The

(D molecules of surfactant will aggregate to form:

SPHERICAL MICELLES MONOLAYERS OD-LIKE MICELLES

e) The critical micelle concentration {cmc) is; _<+, L tancenfrato n_a%; mn Cagad’bn -

@ _oboow  ghich  encelles  wil) \aﬂm_-b _'%u_r_m_ o

f) One way to increase the octane number of a fuel is (be specific):

@ Lﬂkﬂl\dhL -U-ﬁngra Jtm‘“j‘- Wgn@m%n_. odd addibivy

= (eron, MTBE,.)

g) Label the oxidation state of the metal center in each of the complex below:

_________ cl cl 4
@ ' E I..\O I,\\CI :

Fe, B Nt
NGO st - Cl cl (8+)

Cl
H cO (24) :
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h} An industrial process in which by-products are recycled locally to manufacture more

productsisknownasa_ bglanced _ process.

i) From the following molecules, indicate the major and minor product of the olefin

hydroformylation of 1-pentene:

Mq,dor‘ MingC

j} The catalytic ammoxidation of propylene is used to produce _G.C%l_ﬁ_n_'._\'\'-'."lc =\ -

as the main product and aseroniteile (pac N | _as an important byproduct.

k) The word surfactantis an acronym for su r.%;u__ n.ch:u_m-am_‘t‘_

1) A flame in which primary air is supplied to the fuel before combustion takes place is

knownasa s%i:; -raixech . flame.

m) In the Shell - DuPont process, propylene is converted into _geekane and

5 e e

n) The industrial synthesis of methyl methacrylate (CH>=C(CH3)CO.CHs), the
monomer used to make PMMA) uses (circle one)

(ACEE)_@ VINYL CHLORIDE ACETYLENE SYN GAS

as the main starting material.

0) On the provided Jablonski diagram template, draw and label (i to iv) the appropriate

arrows showing the following processes for a diamagnetic starting material:

i. absorption of a photon f SgRE | it

ii. fluorescence

Energy

iii. spin flip to the triplet state [

iv. Phosphorescence
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2. {8 pts) Approximately 4 billion pounds of cumene are transformed into acetone and
phenol every year.

(a) Write the detatled mechanisms of steps A and B below.

OOH
HaC.__CHg HaC CHg

o—C¥
\ s
—OH
S S =
\ -~ — \ - “ OH
® o A E
v M
/@k‘—-_\ e - I
I W, 0 P =
= -~ Y - \lr
oW
/“\ ‘. >=o + \ >
— \
(b} What is the name of this process? H

@ 'T\ne_ W oK {)POCLQS
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3. (8 pts) Complete the following reactions: (no mechanisms)

(a) Draw the cyclic product:

! 0,
o ) "M=CH;" catalyst : .
NN "
: ¢ CH,Ch, reflux R

And name this transformatiof ?\iqq Closing Melbathesis LR C M) @
o o

) |
(b) U Cu/ZniAlO4 O

CO + an, - CHzOM
250°C, 50-100 atm

syn gas
/]\ -
/ko QHB

()

ZniCro04 ~
= o
550-820°C

(d

)
OH O O
a0 _ —
() 2 ;
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4. (8 pts) a). In the boxes below, complete the steps involved in the Monsanto Process.
Write the names of the steps in the lines and include the oxidation state of the metal
centre at each step.

HI+£CH30H§:__... CHzl + H,0

HIis recveled

| =
@ Oc'n.Rﬁ..\\l
Ru.lml-‘.v;_ Eliminaho oc” ™ CH3 1
II,r oxidative
S (Mg ) addition

{b) What is the overall reaction?

@ - 3

CHOH co —

(c) Is this a balanced process? Why?
Ye& becosae Hho RHI s
A\ L,d gro.\a.;.d?s e e tc.cat.\ua\ n e procas .

ormcd and rua(_\ud \000-“(1.
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5. (8 pts) A mixture of Fuel #1 and air is pressurized at constant temperature (such as
in the cylinder of an internal combustion engine), as illustrated by the vertical line in
the figure shown below.

4 ™ ! Fuel #2
Al...

Fuel #1

Pressure

Temperature

(a) Explain what is happening to this mixture at point “A”.
P“'— "A“ Y 1 in e wool %(amt (‘C.a.‘oﬁ \
. . ad blue wlof
@ Slows /no virile oxidakon m“""‘a‘ whmnpe * E-Q cxool Qw%

Rro duteo
(b) Explain what happens as the pressure is increased to point “B”.
Ay R e mixbuce Wi\ Sqon \'anwu—‘l'a ex ?\OéL

3

S‘Qn'hﬂmws /FQ.Q:A combusNon  —=— e.zeloc\'m)

(¢) The chemical composition of the mixture is changed to that of Fuel #2 (dashed
line). How would the octane number change?

The  ocrane

(d) Suggest two ways in which the change (curve displacement) of part (c) could be
achieved. Mention specific chemicals in your answer.

alWanes A%d;'c_/arancl\\ul a\kem,

num\_-,e__r uaou-.\é ynefease

|) Cq)‘q_\ahc_ e orm:na ]
@ Alenes /Arom.sh'cé

) PgAA)‘-hQr\ oi\ o %Q.SO\:I'\(_ gn\élh‘\l(_ ( MTBE‘ &POHJ P\DE\"“ ) JC.)
)
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6. (8 pts) (a) Depict using an overall scheme (no mechanisms) the reaction steps that
one would need in order to convert toluene to cumene. Include all reagents, relative

reaction conditions, and important byproducts where applicable.

CHy .
o0 C Cj_.

@ > H1 __l————') \ -~ -+ C—-H“
: W od

Takaron . ", -—-—"f“saH E , F]
Prog 1 ] e (=]«
2 CH, + W

?m? . C.H3 + Wy — u

7 c QW
Terminston: & My " 3

@ f-\\ka\ah‘oq of, ben Zene . teo wamene

L-H'\crmd\ oc eatul e

LTf\ ?7\) :'—f::ziunu r
¢

((Fecedah Coalhe - *)

Regahd 6 Lusic W

H
£ ST EL =%
L

(b) Explain why, in the alkylation of benzene to make ethylbenzene, ethylene is

always the limiting reagent.
I% e,-\'kd\c.nc.. " added n exceqr amowunk ,

*o R

F can leod

o\ng\ua\a\-\‘oq o&‘ benZene Lt% : é'\\'-*""a\ \oen Zoene s ___ﬂ)

(c) Why does H- add to the aromatic ring in toluene during its thermal
decomposition instead of abstraction from the labile bonds in the CHs group of

toluene?

PossiVhes o .
l -

N Gz r Rn-©n —_— 1

——

= ~ H
9D,
o W >
s -—-__‘
2) L= * '-L: E,’j/ LS, ot L

] Ve Al ¥ o duack oull be
CANS An wn iroé&d\\lt_ (r\o Sy Bn.%\gan {,g- )

@o eed

CH,

/-—-N N .(‘_\'\.} \-\om“\a‘nc' g,‘hn.\lo&(_

"M, rACH, CHy

3)@4-@_—3@.\.\_\\3
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