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VI CLOCK O 4

7/U

1.

4.,

TJ Slide I

'Science - A Foundation Course!

TJ Slice 2

Course Unit 13

TJ Slide 3

Introduced by.uee.

24

MS Pentz (Seated)

[/ Q_PENTZ__7

(Cam.3 next,.Shot 5)

/EOOM &/

PERTZ: Intro.....

eeeseo.2nd then we'll consider
how some of the rhysical
properties of polymers can he
explained from a knowledge of
their structurs. ZFrofessor

Haynesdo-cloti

-V




5. 3A
MS Haynes
/2 Tto B/
6, 4A

/ BUOM B/

HAYNES: The modern chemical

industryeeesss

sesos1'1l]l concentrate first on
4ddition Polymers. Let's work
at some of the monomers from
which the common addition

polymers are made,

(ANIMATICH 1)

(34 next..Shot T)

This is 'ethylene' -~ the nonomer
of polyethylene . polythene,

- vinyl chloride -~

- Ppropylene -

- methylmethacrylate -

- styrene -

oss.wWhich you'll probably be
mere familiar with, in its

expanded form, as ceiling tiles.

.23/



-3 -

T. 24 HAYWES :

Haynes with Molecular
model 1,

Clearly they all contain a

INTERCUTTING with 1 carbon~carbon double bond, and

(Cam.14 CU model 1) it is the conversion of this

double bond to two single bonds
wnich are used to form the links
of the polymer chain that is

the basis of Addition Polymeris—

ation,
(Cam,1 LS Bench & (TURNS TC BENCH, REFERS TO
Teslie) LESLIE, TAKES TUBE)
(Cam.1A CU Tube) In this tube I have 2.5, dich~

lorostyrene which is very

similar to the monomer for

polystyrene,
8., 44 (AKIMATION 1 cont'd)

INTERCUTDING:

Cam,1A QU Tube (Adds initiator -~ mixes with
spatula, pvts down tube...picks
up initiator bottle).

/1 to 1B/ HAYNES: This is called a free

radical initiaticr and here's
Dr. Hill to tell you how it

vorks

(2B next,..Shot 9) cod/
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9. 2B HILL: / BOCM A 7

M.ILS Hill r.h.s. of
photomix

The free radicals in the
addition polymerisation
initiator are created by the
break-down of weak co-valent
bonds in certain molecules

such ag peroxides.

10. 1B PHOTOMIX SEQUENCE 1
Photomix (Slides 1 - 10 on Q)

(Hill explains polymerisation

mechanism)

1. 44 ANTMATICN 2

Pan slowly L ~ R .....but eventually it stops.

12, 2B HITLL:
M.CU EHill

Why 1s thisg?® Well, there are
several mechanisms by which the
chain propagation can be stopped
and you'll find them in the text,
hut I'11 just consider one for

TIOW .

(44 next...Shot 13) ees5/
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13. 4A {AWIMATION 2)

(Animate on Q)
seee0opOlymer no longer has any
free electrons so cannot be
further lengthened ~ the chain
has been stopped.

(COMING TO 2)

4., 2B HILL: {(shows the links of the
M3 Hill & Molecular madel 2 polymer are not straight,
J ‘\.ﬁtT I M .
INTERCUTTING but that it can be re-

Cam.1 CU Model
garded as one dimensional?)

L1 === 4A/ «...Polymer chains sometimes

contain as many as 5000 monomer

units.

15. 34 HAYNES : /_BOOM B 7/

M5 Haynes (Moves to polymer experiment
then leaves,, )

Dr., Hill just mentioned that some
polymer chains contain up to 5000
INTERCUTTING: menomer units,

Cam.1 E.CU string between
fingers (Picks up string - holds small

end between finger & thumb...
pulls up rest of string.)
s, .88 yOUu Can see our polymer
molecule ig essentially one

dimensional, ‘cont?d)

(2B next...Shot 16) cont'd, .6/



15, 3A (CONT'D)

EAYNES (cont'd)

Cam,1 CU Tube

[T =57

‘]65 2B

(Turns to bench..picks up
polymer & tube by spatula)

(Summary section:- consider

condensation polymers)

.».1n the formation of this

type of polymer -~ when the monomers
link together to form a chain,

for each link that is formed, a
small molecule such as water or

hydregenchloride is alse formed,

/ B0CH &7

HILL:

MS Hill

17, 1B

The amino acids we talked about
in CU:10 can condense together to
form a polymer - the vprotein

molecnlie.

(PHOTOMIX SEQUENCE 2)

Photomix

(3A next...Shot 18)

(81lides 11 - 16 on Q)

(Bxplains process of condensation
polymerisation for protein &
nylon....show on photomix)

«++This sort of polyamide is the
type found in the nylons, whele
A and B can be anyone of a number

of carbon frameworks.

/[ BOCK B/
Y
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18, 34 HAYNES :
M5 Haynes

So in the formation of

ST e R condensgation polymers no

initiator is reguired, but during
the formation of the linking bond
a small molecule - like water -
INTERCUTTING: is alsc formed.
Cam.1 R.CU Individual

beads (PICKS UP READS & SHOWS
TWO FORMS OF POLYMER CHAIN)

.esSeries of condensation polymers
and a little later on we'll look
at another, 'Terylene', which is

a polyester.

(TURNS TO BENCH..NYLOW EXP,)

Here we have the two components
of a condensation polymer of the

nylon tipe.

16, 44 Carption 1. CAPTION 1

They are. ..va...

.va.fOU se€e, we are using an acid
chloride. This is because it
reactis more quickly. ©So the
molecule eliminated will be

hydrogen chloride and not water.

(3B next...Shot 20) e 8/



20, 3B

(NYLON EXPERIMENT )

M.LS Haynes & Leslie
INTERCUTTTNG s

Cam,i CU Beaker holding
2 liquids layers

Cam.1 CU Fibres &
2 glass dishes

(44 next..Shot 21)

oo i1though condensation and
addition polymers are formed in
different ways this does not
necessgarily give them different
paysical properties. It is the
gstructure of the individual
polymer chains and their relation
to one another which has the
greatest effect on the physical

properties.

{(EXPERIMENT .. FORMATICH OF FIBRES)

«++.o.why is it that the nylon fibre

is so sirongz.

(HAYNES PICKS UP PEADS AND
DEMONSTRATES HOW CHAINS ALINE
~ REF, TO SPECIAL IKTER CHAIN
BONDING)

... Then comrare your ideas with

the explanation in the text.
(PICKS UP SAMPLES)

.. .These are two samples of pely-
propylene - the adéition polymer

made from propylene,

.29/




21. 44

-9 -

(ANIMATION 1)

22. 34

(Propylene)

{reason for difference in

MS Haynes

Cam.1 CU models

L1 to A /

230 2B

properties is explained by struct-
ure)

(MOVES TO MOLECULAR MODELS (3)
& DEMONSTRATES ~ REGULAR -
IRREGULAR STRUCTURES)

+.».The use of Ziegler catalysts
is an example of where a knowledge
of how reactions occur allows
synthesis of special structures
with well-defined physical

characteristiog.

/ BOCM A /

HILL:

24, 1B

So far only considered one

dimensional pPClymerS..cosses

(PHOTCOMIX SEQUENCE 2 cont'fd)

(4B next...shot 25)

(Slides 17, 18, 19)

(HITL COMPARES POLYESTER -
POLYAMIDES)

BEILL:
.o NOW we can form another poliymer
- called a giyptal resin - with

these two compounds.

.10/
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25. 4A Caption 2 (Glyptal Resin monomers)

(GIVES 3-D STRUCTURE)

26, 1R 'PHOTCMIX SLIDE 26)

HILL:

.. .Comparison with terylene
shows that it is a polyester
containing exacily the same type
of units, but what effect dues

it's 3=D structure have,

BOOM B

27. 24 HAYNES:
MS Haymes

You can't really appreciate the
(T =2 3-D structure of glyptal resin

from a 2-D drawing, so we've made

a model of it.

INTERCUTTING:

Cam.t CU model (MOLEQULAR MODEL 4, .GLYPTAL RESIN)
...the new polymer no lenger forms
strong fibres, but now it is
extrernely hard and is ideal as a
hard protective coating.

Cam.,1 CU Article (ARTICLE TREATED WITE GLYPTAL

RESIH)

PHENOL/FORMALDEHYDE EXPERIVENT

Cam.3 CU experiment

(44 next...shot 28) veel1/
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28, 4A  Caption 2 (Phenol formaldehyde)

/ STANDEY TE 7

29, 34 BAYNES::

(as Shot 27) ...tLe process of converting
z raw plastic into a useful
product involves a very skilled
use of advarnced techrnology and

ingenuity.

/ ROLL TKI.../

50, TK FILM OPENING WORDS

Most crude polymers can be mede
in manvally operated unite like
(Duration: 3132n) this....but these are now being
revlaced by fully automated units,
‘ where the progress of the poly-
merisation is regulated from a

remote controllrO0Ma ceoceeacecsss

CLOSING WORDS...

..« lhlere are many processes, each
ig designed to make the best use of
the gualities of the narticular
poelyrer so as to manafacture the
product as efficiently as pessible,

(STOP TX)

(2A next,.shot 31) ' ceeol12/




37

2A

- 12 ~

BOOM A
PENTZ:

MS Pentz sezted by table

INTERCUTTING:

Cam.1

CU Buttons

Well, plastic soles for shoes

may not Seem a great advance,

But, just think how the properties
and adaptability of plastics have
completely changed the manu-

facturing industry.

Take these buttons as aa example
they are mace from mother-of-
pearl and horn. They had 1r be
individually cut, drilled and
finished, Today plastics cam be
pressged into a completely finished
button in seconds, The same
applies to all the earlier manu-
facturing materials like whale-
bone, ivory, tortoiseshell and
wood -~ they all had to be indiv-~
idvally machined., We may not
necessarily feel that the replace-
ment of natural materials by
vlastics 1s a good thing bu* it

is definitely here to stay,

We can only hope that in the
future not only will the synthetic
replacements be cheaver but that
they'll also be better in every
case. However, the further we
move from the use of naturali

cont'd, .13/




.-, '(REVISED PAGE) - 13 -

31,

32,

33.

34.

35.

36,

37,

24 (cont'd) PENTZ: products %0 the more durable

synthetic polymers the greater the
problem of waste disposal becomes,
The plastic bag designed to shield
its contents of fertilizer from all
the ravages of man and nature can
tecome a piece of virtuwally inde-
composable rubbish., Of course, it
can be burnt but first it has to be
collected from the countless places
where we have carelessly thrown it
away. We can no longer rely on
nature to remove all trace of our

thoughtlessnass,

34
CU Nylon Experiment

44
Caption 3 'OU Symbol'!

FADE QUT 34

s/1
TJ Slide
The Speskers were....

TJ B31lide

TJ Slide

Extracts from film...

Production bB¥eieesese

TJ Slide

'A production forees..

T/0
FADE SCUND AND VISICON.....

THE END,
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VT CLOCK OH 4

7/U

1. TJd Slide I
'Science - A Foundation Course!

2. Td Slide.2
Course Unit 13

3, TJ Slide 3
Introduced Dyesese

4, 24
MS Pentz (Seated)

J BOOM A/

/O PERTT. 7 PENTZ: Intro.....

eeereoand then we'll consider
how some of the physical
properties of polymers can be
explained from a knowledge of
their structure. DProfessor

HoynesSioeeoose

(Cam,3 next..Shot 5) vao?2/




5. 24

M5 Haynes

J2 _to B/

J BOCM B/

HAYNES: The modern chemical

industryeeeass

eeeol!l]l concentrate first on
Addition Polymers. Let's work
at some of the monomers from
which the common addition

polymers are made,

(ANIMATION 1)

(3A next.,Shot 7)

This is 'ethylene' - the monomer

of polyethylene . polythene,

A -~ vinyl chloride -
2 =~ propylene -
¢ - methylmethacrylate -~

> -« styrene -

.seswhich you'll probably be
more familisr with, in its

expanded form, as ceiling tiles.

.23/
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T. 34 HAYNES ¢

Haynes with Molecular
model 1,

Clearly they all contain a

INTERCUTTING with 1 carbon~carbon double bond, and

(Cam'1A CU model 1) it ig the conversicn of this

double bond to two single bonds
which are used to form the links
of the polymer chain that is

the basis of Addition Polymeris-

ation.
(Cam,1 LS Bench & (TURNS TG RENCH, REFERS TO
Leslie) LESLIE, TAXKES TUBE)
(Cam.,14 CU Tube) In this tube I have 2.5. dich-

lorostyrene which is very

similar to the mcnomer for

polystyrene,
8, 4A (ANIMATION 1 cont'd)
INTERCUTTING
Cam, 14 CU Tube (Adds initiator -~ mixes with

spatula, puts down tube...picks

up initiator bottle).

L1 to 1B / HAYHES: This is called a free

radical initialor and here's
Dr, Hill to tell you how it

works

(2B next...Shot 9) e/




9.. 2B

-4 -

BILL: /_BOOM A& 7

M,I8 Hill r.h.s.
! rhotomix

10, 1B

The free radicals in the
addition polymerisation
initiator are created by the
break-down of weak co-valent
bonds in certain molecules

such as peroxides.

PHOTOMIX SEQUENCE 1

Thotomix

11, 44

(S1ides 1 - 10 on Q)
(Hill explains polymerisation

mechanism)

ANIMATION 2

Pan slowly L ~ R

12, 2B

c.esbut eventually it stops.

HITL:

M.CU Hill

(44 mnext...Shot 13)

Why is this? Well, there are
several mechanisms by which the
chain propagation can e stopped
and you'll find them in the text,
hut I'11l just consider one for

now,

ee.5/




13, 44 (ANIMATION 2)

(Animate on Q)
.+ 000, p0lymer no longer has any
free electrons so cannot be
further lengthened - the chain
has been stopped.

(COMING TO 2)

t4, 2B HILL: (shows the links of the
MS Hill & Molecular model 2 polymer are not straight,
J e &)
INTERCUTTING : but that it can bhe re-

Cam.1 CU Model
garded as ore dimensional?)

L) == 44 / «es e POolymer chains sometimes

contain as many as 5000 monomer

units.
15. 3A HAYNES @ BOOM E
| MS Haymes (Moves (0 polymer experiment

then leaves..)
Dr. Hill Jjust mentioned that some

polymer chains contain up to 5000

INTERCUTTING: monomer units,

Cam.,1 E.CU string between
fingers (Picks up string - holds small

end between finger & thumb...
pulls up rest of string.)

L .e.A8 yOu Can see our polymer
molecule is essentially one

dimensional, (cont'd)

(2B next.,.3hot 16) cont'd. .6/



15. 34 (CONT'D)

HAYEES (cont'd)

Cam,1 CU Tube

[ 1 =B/

16, 2B

(Turns to bench..,picks up
polymer & tube by spatula)

(Summary section:- consider
condensation polymers)

«eodln the formation of this

type of polymer -~ when the monomers
link together to form a chain,

for each link that is formed, a
small molecule such as water or

hydrogenchloride is alse formed,

/ BOOH &7

BILL:

MS Hill

17. 1B

The amino acids we talked about
in CU:10 can condense together %o
form a polymer -~ the vrotein

mclecule.

(FHOTOMIX SEQUEKCE 2)

Photomix

(34 next...Shot 18)

(51ides 11 = 16 on Q)

(Explains process of condensation
polymerisation for protein &
nylen....show on photomix)

«..This sort cf polyamide is the
type found in the nylons, wheie
A and B can be anyone of a number

of carbon framewcorks.,

[ BOON B/
FI) o?(;t




18, 34 HAYNES :
MS IHaynes

Sc in the formation of

ST e T condensation polymers no

initiator is required, but during
the formation of the linking bond
a small molecule - like water -
INTERCUTTING: is also formed.
Cam.1 BR.CU Individual

beads (PICKS UP BEADS & SHOWS
TWO FORMS OF POLYMER CHAIN)

. .5eries of condensation polymers
and a little later on we'll look
at another, 'Terylene', which is

a polyester,

( TURNS TO BENCH,.WYLON EXP,)

Here we have the twc components
of a condensaticn polymer of the

nylon tipe.

15, 4A Caxntion 1. CAPTICN 1

They are...uesas

.e..10U See, we are using an acid
¢hloride. Thig is because it
reacts more quickly. So the
molecvlie eliminated will be

hydrogen chloride and not water.

{3B next...Shot 20) 74




20. 3B (NYLON EXPERIMENT)
M.LS Haynes & Leslie

INTERCUTTTING:
Cam.1 CU Reaker helding
2 liquids layers

eeotlthough condensation and
addition polymers are formed in
different ways this does not
necessarily give them different
puysical properties., It is the
structure of the individual
polymer chains and thelr relation
to one another which has the

greatest effect on the physical

properties.

(EXPERIMENT..FORMATION OF FIBRES)

Cam.1 CU Fibres & seowhy 1s it that the nylon fibre
2 glass dishes
is so strong.

(HAYNES PICKS UP BEADS AND
DEMONSTRATES HOW CHAINS ALINE
~ REPF, TO SPECIAL INTER CHAIN
BONDING)

.. .Then compare your ideas with

the explanation in the text,
(PICKZ UP SAMPLES)

...These are two samples of poly-
propylene -~ the addition polymer

made from propylene.

(4A HEXta,ShOt ZI) | 039/
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21. 44 (ANIMATION 1)
(Propylene)
22, 3A (reason for difference in
MS Haynes properties is explained by struct-
ure)
Cam,1 CU models (MOVES TO MOLECULAR MODELS (3)

& DEMONSTRATES ~ REGULAR -
IRREGULAR STRUCTURES)

L T304/ .+»oThe use of Ziegler catalyets
is an example of where a xnowledge
of how reactions occur allows
synthesis of special structures
with well-defined physical

characteristiog,

/ EOOW & 7

2%, 2B HILL:

Sc far only considered one

dimensional polymerf.ccceses

24, 18 (PHOTOMIX SEQUENCE 2 cont'd)

(Slides 17, 18, 19)

(HILL COMPARES POLYESTER ~
POLYAMIDES)

HILL:
«ssnn0w we can form another poiymer
- called a glyptal resin — with

these two compounds.

(4B next...shot 25) 10/




.25, 4A Caption 2

- 10 -

(Glyptal Resin monomers)

26. 1B

(GIVES 3-D STRUCTURE)

'PHOTOMIX SLIDE L0)

27, 34

HILL:

.. .CcOomparison with fterylene
shows that it iz a polyester
containing exacily the same type
of units, but what effect dues

it's %3-D structure have.

/"BO0R B 7

HAVINES @

M5 Haynes

INTERCUTTING:
Cam.?1 CU model

Czm.1 QU Article

Cam.1 CU experiment

{44 next...shot 28)

You can't really appreciate the
3-D structure of glyptal resin
from a 2-D drawing, so we've made

a model of it,

(MOLEGULAR MODEL 4..GLYPTAL RESIN)

.. .the new polymer no longer forms
strong fibres, pbut now it is
extremely hard and is ideal as a

hard protective coating.

{ARTICLE TREATED WITH CLYPTAL
RESIN)

PHENOL/FORMALDEEYDE EXPERIMERT

et/




28,

44 Caption 2

- 11 -

(Phenol formaldehyde)
/ STANDBY TK /
29, 34 HAYNES @
{as Shot 27) ...tLe process of converting
a raw plastic into a useful
product involves a very skilled
use of advanced technology and
ingenuity.
/ ROLL TKoowoef
30, TK FPILM QPENING WORDS

(Duration: 3132M)

Most crude polymers can be made
in maruvally operated unitse like
this....out these are now being
replaced by fully automated units,
whnere the progress of the poly-
merigation is regulated from a

remote controlroom, oo eeeseness

CLOSING WORDS...

. e liEre 3re many processes, each
is desgigned to make the best use of
the qualities of the narticular
polyrer so as to manufacture the
product as efficiently as possible,

(STOP TK)

(24 next..shot 31)

0-0012/




31.

2L

- 12 =

PENTZ:

MS Pentz seated by table

INTERCUTTING:

Canm. 1

CU Buttons

Well, plastic soles for shoes
may not seem a great advance.
But, just think how the properties
and adaptability of plastics have
completely changed the manu-~

facturing industry.

Take these buttons as aa example
they are mace from mother-of-
pearl and horn, They had tr he
individually cut, drilled and
finished., Today plastics can te
presged into a completely finished
button in seconds, The same
applies to zll the earlier manu-~
facturing materials like whale-
bone, ivory, tortoiseshell and
woed -~ they all had to be indiv-
idually machined. We may not
necessarily feel that the replace~
ment of natural materials by
rlastics is a good thing but it

is definitely here to stay.

We cair only hope that in the
future not only will the synthetic
replacements be cheaver but that
they'1ll also be better in every
case, However, the further we
mave from the use of natural

cont'd..13/
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.
.+ {REVISED PAGE)

31.

32,

34,

35.

36.

57

24 (cont'd)

- 13 -

PENTZ: products to the more durable

34

synthetic polymers the greater the
problem of waste disposal becomes,
The plastic bag designed to shield
its contents of fertilizer from all
the ravages of man and nature can
become 2 piece of virtually inde-
composable rubbish., ©Of course, it
can be burnt but first it has to be
collected from the countless places
where we have carelessly thrown it
away, We can no longer rely on

nature to remeve all irace of our

thoughtlessnass,

CU Nylon Experiment

44

Caption 3 'OU Symbol'!

FADE OUT 33

S/1
TJ_Slide

The Speakers were....

TJ Slide

Extracts from filn...

TJ Slide

Productionl B¥escoesss

Td Slide

'4A production for,....

T/0

FADE BOUND AND VISION.....

E IEND,



