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1. (30 pts) Short Answers - one or two points each.

a) Which graph best represents the rate of polymer molecular weight growth for chain

b)

d)

g

h)

and step reactions?

2 2 :
- s ; ;
S
.~ CHAIN
time time lim:
2 B C D
The reaction A - products is second order in [A]. To find the rate constant, we
must draw the graph of | as a function of _ . . The unit(s) of k
is/are

In a class demonstration, we showed that polystyrene packing chips (Styrofoam)
dissolve very easily in acetone. One packing chip, however, did not. Name the
polymer that was used to make that particular packing chip and explain why it did not
dissolve.

The blue luminescence of cool flames is due to emission from

FORMALDEHYDE CO2 PEROXIDES SOOT

In the gasification process, coal is transformed into

The C8 component that equilibrates rather sluggishly with the other isomers is

p-XYLENE m-XYLENE 0-XYLENE ETHYLBENZENE

The average number of surfactant molecules that assemble into a micelle is known as

the

Norrish photochemistry occurs from the
So S1 To Ti

state of a carbonyl compound.
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i) The methyl radical is PLANAR PYRIMIDAL LINEAR which
indicates that the hybrldlzatlon of the C atom is

)

j) For a hypothetical reaction, the graph of In k versus 1/T gives a straight lime with a
slope of -150 and a y-intercept of +98.0. This means that :

E.>0 AH <0 E.<0 AH>0

k) One way to promote the photochemical degradation of a polymer is :

¥4 3 - A X - | P

aoaas COA DO A elav B ok W' s O TNE \WYC \f‘,;%_» 3 o~
\
i \ e LA ) A &1!\’”\ t‘ \liui AL) S ;r.;i“nl i G ' L CA AL
}
Wave léna+ins | D NG ¢ M Sigpes NTTLE »vs
P 4 g
1) Inthe Monsanto Process, methanol is converted to CHaCeort

m) After a few generations, dendrimers adopt a globular conformation due to hydrogen-

bonding in the branches. TRUE ( FALSE

n) According to the Gibbs’ Free Energy Equation (AG = AH TAS), polymerization will be
(thermodynamically):
[J always spontaneous
L] never spontaneous
B spontaneous at low T
[l spontaneous at high T

‘ i

o) In LFRP, low polydispersity polymers are obtained because _—he. 7T Oiv bl o ¢

LT A LYGNI1CN i S0\ M E f L»‘»\_h AL \ s 1 l’

ke
i

D) '}ﬂv‘vh,k . | _7‘);_?.‘#,_7_\ ®
t

\

p) As the degree of isotacticity of a polymer increases, we would expect the value of the

material’s Tg to correspondingly oo 86

q) A catalyst lowers the activation energy barrier by 1.3 kcal/mol. The reaction rate will:
[] NOT CHANGE
ACCELERATE x 10
[[] DECELERATE x 10
[] ACCELERATE x 1.3
[ ] DECELERATE x 1.3
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r) What are the two interchain interactions responsible for Kevlar’s strength?

S SRS . i 1] N LnQg
E=% ool d L o1 Al Is1ndg

s) Match the polyethylene to its method of polymeriation:

FREE RADICAL POLYMERIZATION - UHMWPE
ZIEGLER-NATTA POLYMERIZATION ————=———><— HDPE
METALLOCENE CATALYZED POLYMERIZATION ° " LDPE

t) Place the following bonds in order of increasing BDE:

<,
-

u) Give reasonable values of r; (®) and r2 (O) for the following copolymer:

A r~ /
) S e = Y s,
n= = o

v) The following polymer was generated by ROMP. Draw the structure of the original
monomer that produced this polymer.

w) On the provided Jablonski diagram template, draw and A
label (i to iv) the appropriate arrows showing the
following processes for a diamagnetic starting material:

i. absorption of a photon
ii. fluorescence
iii.  spin flip to the triplet state
iv. phosphorescence

Energy
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x) In FRVP, if the concentration of initiator is doubled, the expected molecular weight of

the resulting polymer will also double. TRUE FALSE )

y) Novolac is a possible polymer made from phenol- O ok O
formaldehyde polymerization. What is the purpose of the -~
para-methyl group? Cll@CfCQSﬁ ‘(:unc:h‘ona‘\x"}j
tom 342 —> polumer 'S oo SRt SR

i near and nod C;VD.SS\;I"\\CLA

z) Give the final products of the following reactions (no mechanisms):

ZnO catalyst &')
(CH3),CHOH e ol S
T CHxC CH3a 2
O\\C\ O
\N\/\ + 50 HO\/\ I\ N N \

n . i e t\ll i \”/ O A0 ﬁ\

- h ST n
BONUS - 2 pts

In a Youtube video, we saw someone smash a rubber ducky into small pieces with a single
tap from a hammer. Explain what was observed.

_ﬂ'\e mbber duc,\c.j was C_oo\ed <o be\ov\j H’S _Y"j
N \\'c\u.‘A ﬁi+fbjerﬂ . As a reset Jdhe P\asjﬁ‘c_
\9€came exjh’emelj ‘Of.u‘rch anc\ C?ajj o Shc‘iﬁ’e/'_
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2. (15 pts) CUMULATIVE QUESTION 1
a) (1.5 pts) Complete the following reactions.

fractional distillation GHs AR eE R :
H,, 700°C : /ﬁ
PETROLEUM ———» BTEXfracion — [ | ———————— o + CH,
lthermalcracking . hydrode — : NI Y
Selsagats JLon : a\\(l;p\a‘*\' onN
| ' \ _ name of process
)

b) (4 pts) In the space below, draw the mechanism for the reaction of X and Y (from part a),
catalyzed by AIClL.

e @ &
CHZ-'—'/-‘ o8 >Wc15 oy C};‘H;rcHz—mC‘s
k-
M L
CHaCHa \T\ [
A ag) 4 (/ \l SR ‘4 ~:, CHz_"CHL
B R,

¢) (1.5 pts) How is the product of part (b) converted into styrene? Make sure to include the
relevant reaction conditions.

méu\ Ca+a\ S‘l:
5 S o _ 3 ~ S
eq Ol
e low P

(med(um‘_—r>

- QUESTION CONTINUED ON THE NEXT PAGE -



CHM4155 Final Exam 2017 page 7 of 14

d) (4.5 pts) Complete the following metallocene-catalyzed polymerization, where the
monomer is the product of part (c).

b gl O RIS R L RN S BRI s T DR e ashes
@ . = & = e
! / I : \
' /] B R I Nl e i e 1 T R ST ks Sl s 5 et A N CH&
T I L Zowicay | — ook
Ry 5 L5 g m T
£ R i o R SRR D | (/ CH &
major product of part (c) L Ph - ¥ é, h —
Ph' P Ffh Th | r X 1@
E : i ,,yj,f,’,ys,-s @ ©  repeat
E B 0 E (workup) 4 ;’n,sle'lg /Zr'anD
T % ,,,,, SEOlmer o o - >\/ !
" A syndiotactic polymer ] S S -

(show repeating unit)

e) (1.5 pts) Give the name and abbreviation for this polymer, and the oxidation state of the
Zr atom in the initial metallocene catalyst.

Po\jS‘\jrCne) PS .

s lm g

f) (2 pts) This polymer can also be synthesized by FRVP. How would the structure of the
resulting polymer differ if this method was used? Why?

T T RME e jmwinj polj me— a di'cal

Cann undeao BRAck-BIMNQGH reacN ond | whe,
“he rE‘Su\*Hnj Polj me~ will end op bel'ﬂj
\'\l‘jh\b BRANCHED, u,;;% no ’T‘Hc.mct"ﬂ/)
CONTREL ond “dhold a much lowe—

CRASTALLINITY (morc/ omoqﬂ\ou_s).



CHM4155 Final Exam 2017 page 8 of 14
3. (15 pts) CUMULATIVE QUESTION 2

Complete the following steps for the sequential anionic block copolymerization of
acrylonitrile and vinyl chloride under the provided conditions.

a) (2 pts) Draw the mechanism for the initiation step and its product:

) CN ' l S
) AR SRS

20°C, 30 min

solvent = THF

i
3

)
~
i g

3

/

\

\

/

0

¢) (2 pts) Draw a mechanism for the reaction between the polymer terminus from part b
above and vinyl chloride and draw the resulting product:

__________________________________________________________________________________________

R T © i R

CN | 20°C, 30 min cN i
solvent=THF .

Terminus of polymer from part (b)

d) (2 pts) Draw a mechanism for the termination of the polymer (containing n acrylonitrile
monomers and m vinyl chloride monomers) by addition of excess methanol:

/\\/%"\I%\ﬁ/\le Now ™ ___b & /\/%’\l)/k\(*\/u
eV Ci C\;Hb | e Cl \

+ CHa0®

- QUESTION CONTINUED ON THE NEXT PAGE -
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e) (3 pts) Given the enthalpy and entropy of polymerization for acrylonitrile and vinyl
chloride below, determine the temperature range under which polymerization of each

will be spontaneous. AG = AH —TAS <O
P AH? (k] mol1) AS° (] mol- K-1) ]
(F) [ acrylonitrile 73 ~104 PR R
\;—u vinyl chloride -35 -104 AS
A —_ — O Jlmol
B e RO PR S R odae
— 104 J/mol K

(8) Tl = 35 000 Vms!
— 104 J/mol K

= RBC 9 & [R°C

f) (3 pts) Imagine that the temperature for polymerization was misread and the reaction
was carried out at as 70°C rather than 20°C. What would be the final products of the
polymerization? Explain.

T°C  is gr’ca‘\’e" Fhans  Gatc bty lewers dhan
409%. = Theetox , Hhe o«c;rj\or\(‘\*\'uu wil
Po\jmedﬁe ;*-;—*iwf N eo .',-;\j bt v‘w\J\' chlond e
will not | <A HoMpPoLYMER o P"‘jacﬁiom‘%’&
Lol e O\ojrcu'ncol>‘

g) (2 pts) What is the degree of polymerization in part (a) if the acrylonitrile concentration
was 0.100 M and the n-butyl lithium concentration was 0.28 mM?

MY Ot
[Tn ) O. 00028 M

|

i T 26
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4. POLYMER PROPERTIES
a) (3 pts) Complete the following table by adding the missing monomers.

Polymer Melting point, T Monomer(s)
/
{-CHQCHQ\: 170°C Ll =k
i
I |
n
O
9 [} \)\
*él}l—CHchQCHZCHg—C%; 280°C B0 N Rio, e ~ oH
H

b) (3 pts) Explain the observed trend in melting points.

As the intermoleculac foces between polyme—

chains iY\Cfea&&/ Cas%—q\\l‘nib incrensesS . HMore
mefm is needed o c\\'sr\,«fﬁ' Shese foces and T, T

’
;N.FORCES " van de- Waals < c:lCPo\e_—Q\.‘PokQ_ <. H’bon&“ij>

¢) (3 pts) Draw the interchain interactions between 3 polyamide chains.

o 4
O \ / ;T v l: ona % Naoa
5 Sog = LAREE (iR \ petwee ‘(\
\ / S N
Nt oo O FC S
| \ il
/ o N
& /

d) (1 pt) Name the third polymer in the table. N
) lon—5

2
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5. POLYMER APPLICATIONS

a) (5 pts) Choose one of the following common polymers discussed in class (circle your
selection) and fill in the spaces below with details about the polymer you've chosen.

POLYBUTADIENE PETE LLDPE PMMA

Monomer Structure(s): Polymer Structure:

¥ marked based

Polymerization Method Used: :
4 Oon Selechon X

Give a physical property and application of the polymer you've chosen:

b) (3 pts) Gases such as air or N> can’t be used as blowing agents for rigid foams. Why?

C\- plashe = 3/“"[—— | Tacto ot

B oo & - ELETHAE .

T£ fooms ‘arc expoanding a9 ainst exteinal atmosphedic

pressure. {2 la*hn> Jha%r meansS P * 100Qatm, ‘
Which 1S €x+r€me\j cxﬁggﬁ'm1+/©\0n"500u5 1o achiere .

CH, :
CH,3Si(0,CCHg)s ‘—é CHa /30r4 (CH4)3Si-O-Si(CHg)3

Cc

¢) (2 pts) From the above list, which 1ngred1ents (and in what relative amounts) would you
need to produce:

i. alight silicone o0il? n’\og*\j R and o b4+ O-C Lo
ii. RTV (silicone caulking) o 5-+) j (g ot o b‘- SR c a
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6. POLYMER DEGRADATION i

The molecule at right is a common plastic additive because it acts as an excited N OH
state quencher. [}

a) (4 pts) What are the two criteria for an excited state quencher?
6) Follows the conservahon ot ehcgﬁ t —he

exuted - staic enc gy of dhe Guanches st be
equal o o lower than Jhat of Hh polymer.

@ . The excdded Stedc qwnch% retund Mm\cs&lj
—to dhe jmuné Stede LA.)\“H’\—Ou‘\' Cr’Ca‘Hrﬁ ar\j NEe.

(‘aé:Ca\b Ce:j emts \'\eo.+>

b) (3 pts) This compound can also protect polymers from photodegradation by another
mechanism. What is this process? Illustrate your answer with a chemical reaction.

T4's alse an ANTIOXIDANT , as i+ has o
weak O-H bond and forms o madical Hhat dees

hol  react with OL:

\',. \“- ‘.f—‘\///_ Oo
/\ ol + 20O0ORK nse ‘7(%0\4
P

¢) (3 pts) You are provided with two apparently identical pieces of polyethylene. One is
brand new, but the other has been left to age naturally for 6 months. How would you be
able to distinguish between the two samples? Explain.

The easicst i A8 test  the plashic s
mechanical Fm?u*\'e& o Example ., we Could
measure the “Fensile S‘\Y‘er\fj% of each sample .
S dejracle,cl ?oljme,‘, will be weakened

B 18 e_x?cc—\—(,cl 4o reach its br‘e\alc:nj Po(ht
Lirst.
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7. INDUSTRIAL CATALYTIC CYCLES
Shown below is the catalytic cycle for a process called intramolecular hydroacylation.

a) (6 pts) In the boxes, write the name of each type of reaction step, and write the
oxidation state of the rhodium centre below each intermediate.

Ph Ph
/

Ph/ \ph

0 Acetone e
[k Zb

Ph Ph
\/
F)\

A
P

------------------------------ /
recl_udnv& Ph '\')h

Precatalyst

ph” bl 3
""""""""""""""""""" Ph pho '"""‘"""""""'""""‘
Maand b ligand
inse~HNon th@\ addihon
(into Rh-H bord) A rea? (dekve bond
b) (2 pts) What is the overall reaction? O
(\
/
Pt \/]
&,
c) (2 pts) Suppose we changed the pfecatalyst to the one shownin | pp Ph
the box at right. How might it affect the product of the \P\ ®_A>
reaction? e 2ht
—_— A \\\\“‘““- 2
T his m‘a\\.{- Cor-ﬁro\ “he S+€r€0d\dﬂ@+b} pn? b
og Jhe inSe~hon <S+CP ; | ead ‘.hj : =

o One Og “H\Q, 2_ enanh omeds \‘ ﬁ
fﬁ o |
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8. ASSORTED QUESTIONS

a) (3 pts) The main component of most commercial detergents is NOT the surfactant, but
another compound. What are these molecules? Why are they added to detergents?

—ﬂ\Cj Orc. DBPuiLDd ERS (wa+cf So‘ﬁ‘tnc/5>.
Their Job S ’J"Dpfcvem‘\; e {ormmoNon oﬁ-

SopP ScuMt b che\o‘\inj dhe had wote
lons (CP/gkt)  responsible .
/

O
b) (3 pts) A Bimolecular reaction is 50% complete in 25 min. What is the rate constant?
How long will it take for the reaction to be 75% complete?

by if:‘,z =25 min
<

-1

k = 0.028 min

B PSR t'/L = 50 min

¢) (4 pts) Draw an example of the back-biting reaction. Why is this reaction always
exothermic? Explain why it occurs at the C5 position instead of other sites.

R S H.. F
- CH '76.C\H R<- ] i R j‘ CHy
i

; P =
T4's exothermic becawse BOE j__o C-H 2 BOE 2 CH

I‘\' OCcurS at “She C5 Po&’ﬁoh becaM;Sc D=

(o“member-@é Yransihon has No RING STRA IN.



