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1. (18 pts) Short answers - one or two points each.

a) The following reaction is a direct route to styrene:

.

As writlen, this route will require a(n) ACID CML' I'Ali-\: BASE  catalyst and a

Ty
(LOW ) HIGH IRRELEVANT  hydrogen pressure.

+H2

b) Below is the mechanism for the thermal decomposition of 1,2-dichloroethane. What does
the CICHClIz* do? Draw a mechanism. I low does this step fit in to the overall reaction?

CICH,CH,CIl — Cl*  +  CICHCHyp"
Cl+  + CICHsCH,Cl —= HCI +  CICH5CHCI
CICILCHOE . —— Gl 7+ CHpmEHC
Cl- + CICH,CHCIT — HCI + CICH=CHCI
C\ =CH, -“C/'ﬂ’ ——e (e + CH, =CH>
" 5 3 g e
This is oo TRANSFER Step-

c) Which of these structures is a possible olefin metathesis catalyst?

@,

CH340F3)200/ NCHLC(CHa)Ph

{ Do °'.~C|}" CHCFILO, g
¥

d) A 1:1 mixture of propene and 1-butene undergo olefin metathesis. Which of the following
is NOT a possible product of the reaction?

H3C, HsC  CH,CH =
H,C=CH, ( »=CH, N=/"2"%  HOH,C ©CH,CHy
\HsC

¢) Circle the most appropriate temperature and pressure for the conversion of syn gas to
methanol.

Cu/Zn/Al;0O4 catalyst
CO + 2H; ~——=  CHz0OH

TEMPERATURE = { 250°C 25°C 1000°C.
PRESSURE = <1 atm 2 atm (‘\ 50 atm )
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f) The cmc of a hypothetical surfactant is T mM and its aggregation number is 100. If the
concentration of the surfactant in water is 10 mM, what is the micelle molarity?

\ - A
‘JMM | ’““ - PO,
phadbb A0S BRELEAL S .00 mM

I .
'“‘.g'\()y.‘{".ﬁ, ~ -’ & Nd

) |CO

g) Which is the major ingredient of a typical laundry detergent formulation?
SURFACTANT BUILDER)  COLOUR ADDITIVES FRAGRANCES

h) Shown below is the Dow process, a possible route to phenol:

ci

© Aol D S, O’ + HCI
Cl OH

©/ T B o ©’ + NaCl

Name one reason why this process is NOT widely used:

Manu pessible answers @ most likely = WASTE S

— ~

i) Which of the following is the most likely T, for the rubber hoses used by firefighters?

+137°C ,/-;5? 0°C 25°C
._‘\ SEER _”/

j) Complete the following reactions (no mechanisms):

g s IR IR e
2 * — e \‘-——T——' ﬁ\\ ‘:o:l-V_:"‘./l
- §HO R R Hi : \=] o s St

=0

CH,-0” "R!

", P
: o ® -
CH,-0” "R2 + 3NaOH —— i D RC O " Na™ 4+ <

o =0

CH,-0” "R?

!
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k) Determine the oxidation state at the metal centre.

2-
.............. c ClCI C AT DA
N ; “J_3f ;' :
s o= | | +3 |
~Neo : 2l ; .
s o 7 T | s e o

1) Draw lines matching the surfactant structure to its description.

CHy(GH)1sN(CHg)sCF 5 - amphoteric surfactant
CH,CcO00® \\ ©
CHg(Cszﬂllls..,CHa main ingredient in shampoo
CHy
CHa(CHg);0S05 Na~ = : main ingredient In conditioner

m) When all the chains in a polymer sample are of exactly the same size, the polydispersity
index has a value of Mw /My 1 :

n) Of the four polymerization processes (bulk, solution, suspension, emulsion), choose one

and list one advantage and one disadvantage. X 7% B
'* pus O ! C‘D\f ‘ 2 Z *
Method:

Advantage: —
Disadvantage:

BONUS

Formaldehyde is obtained by thermal dehydrogenation of methanol. In practice, however,
oxygen is allowed in the reaction mixture. Briefly explain the role of oxygen.

' o . N o \ - o - -y - -
/2 CombusSTs e released K2 , moakng +he Ovliaic
- ’ .
e AT VUW R N .. o~ | & ; - el v;
procesS EXOTHERMIC (Coplea process )
|

7
l” b 3 + ’r O‘)_ At T “*‘) C‘- AH \:/\'

-

When adding very small amounts of sodium dodecyl sulfate (SDS) surfactant in water, where
might the first surfactant molecules be located?

: / d
A-¥ '»}:;r\é o /v-.)a* er £ Wa e/ Contoiner

INTER FACES [ formning MoNOLAMERS )

¥
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2. (10 pts) CUMULA'TIVE QUESTION

a) (5 pts) Complete the following reaction scheme for the formation of a surfactant - add
reactants, products, or process names as needed.

HEAVY
FRACTIONS
THERMAL | SR
i CRACKING ! el Sl ac st st s T o :
hame pfprocess . { ___(reactamis) __: 50«' ) - e
CHaGHy ——————» CHJCHJCHCH; —————— ! i i e :
oligomerization hydroformylation p )
' i AT - < : reduction
: - it 2 )NaOhH ;
ir;., (0w, CH o-g—'\&@? Pttt (reactants) |
headl g O ; TR ~—— CHy(CH;)sCH,OH
L e O

a) (3 pts) Is the final product a biohard or biosoft surfactant? What do these two terms mean?
Briefly explain.
T 150 e st surteactent

e

| { -~ 0 : ! \,l | 3
BioHARD = highly Dbranthed Surtattant wsn hign

2O 2 e \
o / 3 { : | | < ,. -*
Solub Vi But lowo oo ocearaclab it t PeasidTo
—=0! 1 D o' - : 2 e
LA -M e enyl ‘.J\“‘f\v\-‘_' .‘q“;
| = %t \ i
RioSotT = mosSty \lineaa Sort actant , O¥h
o2 iy e 51k
e . / \ . | - :
e N e 20 el = [P e aele
ey wer  Solubiliha bot mMuch P < ',

I P& e

better {o  dhe cnvironment)

b) (2 pts) Draw the mechanism for the hydration of propylene. Give one possible application
for the product.

& - =
2o \ @ |
pr— ! - ) | . . o —
B adal B o R
/ o P s l )
CHaERSRER > e CHa—CH —CH3 — Chg=CH=CH3 )
i3 ¥o LeuwnsS /
Acd wourd /
H—-—0-
Wore too i \
/\)H e
APPLICATION ' USed 4p roke. ALETONE ' =

ST ERa=Cr) ~ & + Ha0
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3. (8 pts) ORGANIC DERIVATIVES

a) (4 pts) Complete the following mechanism for the production of phenol and acetone from
cumene (no arrows, just intermediales).

o ] : 'l-‘ E
H . ' : \ ;
e :_HgSO, ! o= O—Ht
- P C ™ ' - I \ o/ - -
chain reaction E i /\\/\ O . m ' P ,r\ / 2, H H,O

Poemb Ul e i ; s
SR 1L W e b M b iU - RSV
i Pn" @ Doy = VS Sa i

PhOH + CHaCOCHz + H*

b) (2.5 pts) During the above synthesis it was noted that on one particular occasion in which
the mixture in the chain reaction step overheated, a considerable amount of acetophenone
(CH3COPh) was produced. Explain how it was produced, using chemical equations.

™~ - * |
T ' i s y INEA PER D o T
e pProducr Ot e reachon | S o HNDKOVEKOX LT N '

o Weak O0-0O bond. Thk Jdhe reachon Cverneads , +h

\‘:‘O"‘ d W \\ break ‘{: ’ 'T., .

o _
ol gy Nt S, o
et} 1 = .
A /V L ™ "."\ ‘ ’\ - —_— D L
B, e B T e BT D b o e e SR = o o O S0
‘ J |
|
Ha -
Cu G + *CH=,
= s’
c) (1.5 pts) What chemical reaction is used to make cumene industrially?
rmmmmmmmeesiiesiessessiiiin peeeeesoeeooooooo :
3 R G TES :
- e . ' calalys - H
E (/ \ \ - /Q R AP B o L AN
Vol i [ Lewd or
‘ reactant(s)
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4. (8 pts) INDUSTRIAL CATALYTIC CYCLES

a) (5 pts) In the template below, the olefin hydroformylation of 1-pentene, fill in the boxes
with the appropriate intermediates/major products AND include the oxidation state of the
metal centre at each step.

HRh(CO)(PPha)s

PETaTANIE l PPh;

E | CH3CH;CH,CHCH

e L TRy S U (3 Hikits

s EPET GRS S N G R

: : (TN O -

: IR o : v ' o >

' /A\.,/ L2 \ "~ ' H s ";} - o .-\'h ‘'

: ‘ : - \ ¥

: - :( g ; ! e L. T :

: e 14 ; : ot :

Hy "

GRS SERE s B R s

. i\ . ' \ .

. o 0L |\ | B . 5\/ Y bl = "‘.
oS et NA L o E

' OC o : : oL :

b) (1 pt) Write the overall reaction below
Rh cot \1
B T -

¢) (2 pts) During the reaction, a minor product is observed. What is this product and why is it
formed in smaller amounts? s

- /\/\

p(’* C_‘l\ LU CT

T4 W ‘{:o/ e < N MuNMor LYY v QAue v =TER \C
i - o : ‘.‘_/rl' . \ ‘L\ E TQ\I. (2 L

L INDRANCE 'MpecSing acdo: Mmon

, J

+neé O \\ic enec insSer e ON S '*‘C’ P :
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5. (8 pts) SU RFACTANT CIIEMISTRY

The following figure illustrates three droplets of an oil-based liquid dirt on different surfaces
immersed in a surfactant solution.

A B C

>

a) (3 pts) Estimate the contact angles for drops A and C. What does the contact angle reflect in
terms of interactions between different materials?

[ ~ & - A — , -’

e

b) (1 pt) Which of these surfaces is possibly Teflon? PR B C

¢) (3 pts) If you had to choose a surfactant to remove this dirt, what type would you use?
Describe what happens when the surfactant is added and how it facilitates dirt removal.

- ) \ : A ¥ L= s
-

d) (1 pt) In the case of drop B, will the dirt be spontaneously released? If not, what else is
required?
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6. (8 pts) POLYMER CHEMISTRY
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a) (3 pts) What is the main structural difference between thermoplastic and thermoset
polymers? What are the effects on the solubility and thermal stability of the polymer?

P L\ \ - . P 3 i
T' R ~ P ST - alehmal” LR AL of « F 0 polyMeEr. | NeS €.
HERMD PLASIC =k t A’

\ P L) ~ O S | o Lo
cnater.als DiSsolLveE ' appropriotc <0 YT D

ond MELT when heoted.

v - k) A resee oA e Aor . patuamEr |
‘l’}'\{—: K“\-".a{ ! — ML antiv 1wl € o |
— ./ o) 3 3 . R
-/! \ AT ™t S -:J‘l’.-.\, Ve Oryed Cio [.)b |
B AR TP il T Ve 3 T P <
| pesSe MmMatTenatls o

MELT when neare .

-

b) (2 pts) Rubber septa made from the monomer below display unusual behaviour, but only

in certain solvents. What is this characteristic, and why is it observed? What type of solvents
would produce this effect?

A7  butadiene

i < i - -
1 g el lﬁ g 2 Cou S48
[lhe rubber Septa SWELL 1/ certan SOWC I I
e r v eyto 5
— ' : SLiaHTA CRO3S LI ED.
e W (N er L1 A ! e
Ne Do
s non- pdlad ST Tl ST P, 4 L
p— | | . < ™ Al . g C C’C‘" f.\t
>IN e Detod. enege ‘= noN= polalr; pPoid o

S
. (LKE DSeLves LIKE)
N Non- polax selvents (W KE DiSSolLVE E ).

¢) (3 pts) Draw two representative stress-strain curves for i) a thermoplastic polymer and i) a

thermoset polymer. Try to be as accurate as possible, and label your graphs. In one or two
sentences, explain the differences between your two curves.

= . o 's Mo
. [ mereno P‘. al ™NE 2 o! ..,_.:‘\, \CA- 1} ‘-“v'g
= | < ¢ ik I -
Betd Peir more AMER PHOLS ; allowing T2
: i " ‘/"/ :\‘
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.'" ' ) ke <\+~‘.“: . IS }
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| / //' . 4 %"f ety e ™ (,.,; 3 fx - Neamos et 5._/0 'jmi AL
{ Ntz / 5 N y } gita e
™I i ] ""/ \f—\ oDWeves ‘ \. ‘,'\\ a1 l. C|JSS ‘ ~NEe - Ci ;
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