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no polymers

Makeup test December 2 during class
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IABLE P.I Common Addition Polymers

I:'th'ai{' v\'(H)A'c' or

Structure Chemical Name Common Name
( (.Hf*(.”; )z ;‘nl\g'lh\lul]«.‘
(—CF;—CF>—), poly(tetrafluoroethylene) Teflon
(—CH,—CH—),, polypropylene Herculon
CH;
CH;
(—CHy—C—), polyisobutylene butyl rubber
CHj
(—CH,—CH—),, polystyrene
Courtesy of John Wiley & Sons. Used with permission. Source: Spencer,
J. N., G. M. Bodner, and L. H. Rickard.
Chemistry: Structure and Dynamics. 2nd edition, supplement. (—CH—CH=), polyacrylonitrile Orlon
New York, NY: John Wiley & Sons, 2003. CN
(—CHy—CH—), poly(vinyl chlornde) PVC
Cl
(—CH,—CH—), poly(methyl acrylate)
CO,CH-,
CH;
(—CH,—C—), poly(methyl methacrylate) Plexiglas, Lucite
CO,CH;
M H
(—CH,—C=C—CH,—),, polybutadiene
Cl
(—CH;—C=CH—CH;—), polychloroprene neoprene
H CH;
|
(—CH,—C=C—CH,—), poly(cis-1,4-1soprene) natural rubber
H
(—CH,—C=C—CH;—), poly(trans-1,4-isoprene) gutta percha

CH
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TABLE P.2 Common Condensation Polymers

lrade Name or
Structure Common Name

< .
Polyamides

\ m _ '
o )i 0 Carboﬂyt“' acd
( (CH,)c—NHY-

NH ('—(('Ilgl.;*(?* ), _ﬂ/\h"}’ Nylon 6,6
(,) O
\ .
(—NH—(CH,)e—NH—C—(CH B C—), Nvlon 6, 10
O
|
(=NH=(CH)-=C=Y, Nylon 6
_ Bt O O
( .\'H-«,_r‘ > ~('H_a—"': Y—NH—C (CH>),0 C ) Qiana
Polyaramides
Courtesy of John Wiley & Sons. Used with permission. — O
Source: Spencer, J. N., G. M. Bodner, and L. H. Rickard. (— NH—( "».‘_(|-._) o
Chemistry: Structure and Dynamics. 2nd edition, Sl . o
supplement. New York, NY: John Wiley & Sons, 2003. Polyesters
O 0
(—O—CH-,CH, —O—(‘—"_ ) )—C—)n Dacron, Mylar
i N
(—O—CH,— —CH,—0—C—( ))»—C—), Kodel
Polycarbonates
3z g 2 R O
—o—( ))-c—( ))—o0—C-, Lexan
 CH.
Silicones Siloxanes
CH,
(—O—Si—),, silicone rubber

CH,
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Siloxanes Silicones

™

(—O—Si—),,  poly(dimethylisiloxane) PDMS

CH

52,




chain 1




“Mister Cellophane”
from the musical Chicago

Image from the film Chicago removed due to copyright restrictions.



Polythene Pam

(Lennon/McCartney)

Lyrics removed due to copyright restrictions.
"Polythene Pam." The Beatles. Abbey Road (1969).
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C— )—C—0—CH,-CH,-0-}
1 ,
& \ poly(ethylene terephthalate) (PET)
PET E Invented by J.R. Whinfield and J.T. Dickson, 1940.
Uses: clothing, plastic films, plastic bottles

+-cH—CH,
n
2 \ high-density polyethylene (HDPE)
<

Invented by Robert L. Banks and J. Paul Hogan, 1951.
Uses: plastics of all kinds, high-strength fibers

+CH2—CH+
I n
Cl
f 3 poly(vinyl chloride)
Invented by Waldo Semon, 1926.

Uses: water pipes, LP records, vinyl car tops

FCH—CHy -
n
4 low-density polyethylene (LDPE)
Invented by Eric Fawcett and Reginald Gibson, 1935.
L D P E Uses: plastic films, bags

Courtesy of Chemical Heritage Foundation. Used with permission.




fern-cn,
| n
CHs
5 polypropylene (PP)
Invented by Robert L. Banks and J. Paul Hogan, 1951.

Uses: fibers for rope, indoor-outdoor carpeting,

P P plastics
+CH2—CH<];

| D
6 -
polystyrene (PS)
PS Invented by Eduard Simon, 1839.

Uses: rigid plastics of all kinds, polystyrene foams
Hermann Staudinger 1922 (Nobel 1953)

7 anything else, including items made
from more than one kind of polymer

OTHER

Courtesy of Chemical Heritage Foundation. Used with permission.



Wallace Carothers

b. April 27, 1896, Burlington, Iowa
B.S., Tarkio College (gen. sc1. & Eng.)

K

K

K

%K

Ph.D., U. of Illinois

lecturer Harvard

head of fundamental research in organic chemistry at DuPont;
synthesis of long-chain molecules similar to cellulose and silk

invented neoprene 193 1::55ynthetic rubber

invented nylon 1937::synthetic fiber

m. February 1936

62 technical publications

*d. April 29, 1937, Philadelphia
69 patents



Wallace Carothers (1896 — 1937)

Courtesy of the Hagley Museum and Library. Used with permission.



nylon rope pull:

* beaker synthesis of nylon 6,6 by
condensation polymerization:

hexamethylene diamine + adipic acid
< nylon 6,6 + water

* industrially this reaction is conducted at
280°C 1n the absence of solvents

* lab demo uses two immiscible solvents
(water and hexane) and dissolves a
reactant in each: reaction occurs only at

: | }V’”y/ax ﬁ(,«,d
the interface %/ rxn 0Coung Atse
HQN-(CHQ)(,-N H—Z(aq} +HOZC'(CH2)4_COZH(hexcme)
= -NH(CH,)sNH-C(CH,),C- + H,O

| |
O O






b.p. H,O

T, norbornene
room temp

T, isoprene
b.p. N,

("C)
100
40
21

-196

norbornene

elastic

tough

tough

iIsoprene

elastic

elastic

tough



pattern of adoption

wonder
substitution
Innovation

concern



carbolic acid

o

formaldehyde

phenolic resin

e Material of'a Thousand Uses |

Advertisement, 1926.
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Promotional photo, 1909.
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Plastics 1n 1940
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Source: Fortune Magazine, October 1940. © Fortune/Time Inc. All rights reserved.
This content is excluded from our Creative Commons license. For more information, see


http://ocw.mit.edu/fairuse
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Source: Fortune Magazine, October 1940. © Fortune/Time Inc. All rights reserved.
This content is excluded from our Creative Commons license. For more information, see



http://ocw.mit.edu/fairuse

room of sprayed polyurethane foam by Douglas Deeds
for “Plastic as Plastic” exhibition at
Museum of Contemporary Crafts, New York, 1968

© source unknown. All rights reserved. This content is excluded from our
Creative Commons license. For more information,
see :
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http://ocw.mit.edu/fairuse

plastic

- the Greek mhoccetv = to shape
1 cognates include “potter”

I TAOOTIKOG = can be shaped (malleable?)

- Samuel Johnson wrote:

“Benign Creator, let Thy plastick hand
Dispose 1ts own ettect.”




US annual prod" of polymers:
100 billion b = 50 million tons
3 - 4 million tons recycled

cf. steel - US annual prod":
140 million tons
- 80 million tons virgin metal
- 60 million tons recycled scrap



US annual prod" of polymers:
100 billion b = 50 million tons
3 - 4 million tons recycled

cf. aluminum - US annual prod":
4 million tons

1 million tons recycled
62% return rate on UBCs (DFE)



american

© Rutgers University Press. All rights reserved.
This content is excluded from our Creative Commons license.
For more information, see



http://ocw.mit.edu/fairuse.
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