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The term “macromolecular monomer” was
first used in 1972 by Milkovich et al.! of Corn
Product Corp., International to denote various
polymers of wide molecular weight range
with polymerizable terminal functions such
These
macromolecular monomers were copolymeriz-

as olefinic, acryl or epoxy groups.
ed with other usual monomers to prepare
graft copolymers. The word “Macromers” are
supposedly an acronym of macromolecular
monomers and used by CPC, International to
register their commercial macromolecular mo-
nomers,

Since the introduction the word “macromer”
has been gradually applied without clear cate-
gorial definition by polymer chemists to those
polymerizable high molecular weight com-
pounds®. This conceptual development has lead
the scope of macromers to interphase consi-
derably with that of wide varicty of the ma-
terials indiscriminately called “prepolymers”.
Under this circumstances proposed is to extend
the meaning of macromer and to use the term
“macromer” with the following definition: “A
macromer is a polymer, in its broad sense,
with the defined reactive functions at the ends
and/or on the chain, which can constitute a
building block of the final polymers of ¢ertain
values via suitable chain-extending reactions. ”

With this definition the poly (oxytetrame-
thylene) glycol of molecular weight 3,000 is a
typical macromer and it becomes then obvious
that polyurethane technology can be classified
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as a part of macromer technology. Macromer
technology should cover also other polymer-
related areas such as telechelic polymers?®,
functionally terminated oligomers?, liquid poly-

mers® etc.

Classification

Because of the possible diversity in its func-
tion and structure macromers can be classified
in many different ways.

Classification according to the chain-extend-
ing reaction

a) Addition macromers: To be called an
addition macromer is a macromer with the
functional group(s) which is reactive under
addition polymerization conditions, e.g., poly
(oxyethylene) dimethacrylate®, polystyrene acr-
ylate! ete.

b) Condensation macromers: To be grouped
in this category are those macromers with the
functional groups which are reactive towards
condensation polymerization reactions. A large
number of commercially available macromers
(mostly for polyurethane formulations) belong
PEG, PPG, PTMG,
polybutadiene diol’, poly(oxypropylene) diam-
thiol-
terminated liquid polymers®, ethylene diamine-

to this class, e.g,
ine®, polybutadiene dicarboxylic acid?,

initiated polymerization products®® of ethylene
oxide or propylene oxide, and others.

¢) Ring-opening macromers: Ring-opening
macromers are the macromers with reactive

cyclic functional groups which can ring-open
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to polymerize, e.g., poly(oxyethylene) diepo-

xide®, polystyrene epoxide!, polybutadiéne

diepoxide!®, polybutadiene diaziridine'! etc.

Preparation of Macromers

1. Living Polymer Reactions

Living polymers of various chain structures
and different molecular weights can be consi
dered as macromers in themselves: macromers
in situ. However upon the reactions with
different types of compounds the living poly-
mers can provide macromers of wide variety
The versatility of this method
was well demonstrated early by Szwarc et al. 4
and others. The addition of carbon dioxide or
ethylene oxide to living polystyryl anions pro-
duce polystyrenes of controlled molecular weight

of functions.

with terminal carboxyl or hydroxyl groups on
acidification.

2. Radical Polymerization Method

When a radical polymerization proceeds with
bimolecular termination, the application of
suitably functionalized radical initiators can
provide macromers with the functions at the
two chain ends. 4,4'-Azo-bis (4-cyanovaleric
acid)® and 4,4'-azo-bis (4-cyano-n-amyl al-
cohol)!6 can be applied to prepare polybutadiene
macromers with terminal carboxyl and hydroxyl
groups.

In the preparation of carboxyl-terminated
dithiodibutyric acid® can be

used to regulate the molecular weights.

polybutadiene,

3. Condensation Polymerization Method

Polyester diols such as hydroxyl-terminated
poly (tetramethylene) adipate for polyurethane
formulations are classic examples in that con-
densation polymerization technique is successful-

ly applied for the macromer preparation.
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Amine-terminated polyamides” and phenol-
terminated polysulfones'® are other examples. In
principle, all the condensation polymerization
products at certain conversion level may be
considered as macromers with two different
functional groups statistically distributed at two
chain ends.

4. Ring-Opening Polymerization Methed

This method is somewhat analogous to addi-
tion and condensation polymerization methods.
Diol-initiated polymerizations of ethylene oxide,
propylene oxide and caprolactone should lead
to the corresponding macromeric polyethylene
glycol, polypropylene glycol and polycapro-
lactone diol.

5. Polymer Degradation Method

Among the possible preparative methods for
macromers this is least studied and less ap-
plicable method. Degradation reactions are
often ill defined and difficult to run for pre-
parative purposes. However macromers of
certain structures are possibly prepared only by
this particular method.

A good example is macromeric polyisobuty-
lenes. Carboxyl-terminated polyisobutylene!?
macromers have been prepared by ozonolysis
of isobutylene-isoprene copolymers. An in-
teresting possible application of this method
is the production of useful macromers by the

degradation of waste polymers.

6. Terminal Group Reactions

Often it is necessary to convert one kind ot
macromeric functions to another kind usually
to improve the reactivities. Commercially avai-
lable poly(oxypropylene) diamine, Jeffamines®
of Jefferson Chemical Co., is a good example
in that poly (oxypropylene) glycol is aminated
in the presence of a catalyst to poly(oxypro-
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pylene) diamine. An isocyanate-terminated

prepolymer prepared by reacting diisocyanate
with a polymer polyol is another example of
successful application of terminal group reac-

tions to enhance the reactivity of a macromer.
Polymer Syntheses

With wide variety of chain structures and

reactive functions available to deploy the
macromer approach, with proper adaptation of
modern synthetic tools, can be only the acces-
sible route to the polymers of unusual structural
constitution, which are considered otherwise

formidable.

polymer chains of different synthetic origins

Certain structural combinations of

and of extremely incompatible properties are
difficult to achieve. Various block copolymers
such as block copolymers of polybutadiene with
polyamide, graft and block copolymers of EPR
with polyesters, block copolymers of elastomeric
silicones with high temperature engineering
plastics are good examples. Only the probable
approach to those difficult-to-synthesize polymer

HO~(CHZCHZCH2CH2—O};-H

+
HOCH,CH,CH,CH,0H
2eterrerra catalyst
—_—
+

0 [0)
I ]
CHBOC-Q-COCHB
The properties of two grades of Hytrel are

compared with those of polyurethane and nylon
11 in Table 1. Hytrel thermoplastic elastomers

structures are by the suitable manipulations of
synthetic sequences based on macromers.

In the present section some recent develop-
ment in macromer-based polymer syntheses and
their technical implications are to be reviewed.
Traditional polyurethane technology and living
polymer-bases syntheses are to be left out for
other abundant published literatures.

1. Multiblock Copolymers {(A),—(B);},

Preparations of random multiblock copoly-
mers based on macromers are best illustrated
by those of poly (ester-ether)block copolymers.
The random multiblock copolymers which can
be prepared by cocondensing macromeric poly
(oxyalkylene) glycol and monomeric diols such
as ethylene glycol and butylene glycol with
dimethyl terephthalate are good thermoplastic
elastomers and have been well investigated.
One commercial product of this type is Du-
Pont’s Hytrel® which are supposedly the con-
densates of poly (oxytetramethylene) glycol and
butylene glycol with dimethyl terephthalate in

different molar rations.

l N W

T
c-@-co—(»caz)u—oagc@-c——
— cCHZCHZCHZCHZO‘—ﬂ—,a — + CH30H

b: statistically controlled
length

are claimed to have good melt-flow behaviors

for various molding processes.

Table J. Properties of Hytrels as Compared to Polyurethane and Nylon 112

Property I‘st,gt]r)el I—g‘%tf)el Ther\?rlg’?hl:rsgc ester Plasticized nylon 11
Tensile at break 5030 6250 5200 8400
Elongation at break 490 605 435 365
100% modulus (psi) 2475 2160 2000 3810
3009 modulus (psi) 3530 2680 3680 6125
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2. ABA Triblock Copolymers

The most widely investigated among various
block copolymers are the triblock copolymers
of ABA type. These ABA triblock copolymers
with hard A and soft B segments show unigue
thermoplastic elastomer properties and Kratons®
of Shell Co. are good examples.

Macromeric approach to the synthesis of ABA
triblock copolymers can take two routes:

1. Polymerization of a monomers by two ter-

HO~NASASASNASANAOH
7
0=C=N —-GCHz-)s—NH-co

[0] 0
0 13 Il
g-N/QNH_£CH2}3‘NHCOA

O,

NaH

Nylon 6

JL

minal initiating groups of a macromer i.e.,
macromeric initiator polymerization.

2. Terminal group interaction of monofunc
tional® macromer A and difunctional macro-
mer B.

There numerous reported instances wherein
certain monomers are polymerized by activated
terminal groups of macromers. A good example
is anionic polymerization of e-caprolactam by
isocyanate-terminated macromers as an initia-

tor?l,

2 OCN—-(CHZ-)? N=C=0

o
i
OCNH~{CHp3zN=C=0

€-caprolactam

o 0]

1 i
OCNH~CHo}— NH-C,

L

£~caprolactan

Nylon 6

Numerous other random multiblock copoly-
mers such as polycarbonate, polyamide etc.
have been also reported and their possible
applications as specialty materials have been
suggested.

Another similar example is so-called cationic
polymerization of e-caprolactam by amine-

terminated macromers?? in the presence of phos-

phoric acid.

Various vinyl polymerization such as poly-
merization of acrylonitrile by sodium derivative
of macromeric glycols?®, radical polymerization
of vinyl monomers by peroxycarbamate-termi-
_nated macromers®, vinyl polymerizations by
the radicals formed upon the reaction of Cett

with macromeric glycols® etc. have been re-

cii3 cii3 CHj
CH,= CH—@- 51 ——(CH CH29— 31 —@—CH-CHZ + 2 H- 31-(-091-)-01{3
CH3 CH3 CH3 CH3
H,PtClg

CH3 CH3 CH3 CH3 CH3 CH3
CH3—4SJ. ~03— 31 CHZCHZ—Q— 51 —{CH-CHH— 31-@—032-@12 sx—(oa-)— CH,

CH3 CH3 ¢ 2 CH3

N
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ported. However in every case the product
copolymer was heavily contaminated with vinyl
homopolymers. Furthermore if the mode of
termination reaction is by coupling rather than
exclusive disproportionation, the product block
copolymers would not have been expected ABA
triblock structures.

An interesting reported case wherein ABA
triblock copolymers were prepared by terminal
group interactions of two macromers is the
synthesis of siloxane-styrene siloxane triblock

copolymers®,

3. Graft Copolymers

The macromers with one terminal olefinic
polymerizable group such as those described by
Milkovich et al.' can be copolymerized with
common monomers to obtain graft copolymers
of well controlled graft length and grafting
frequency. In theory many types of polymeri-
zable functions can be introduced to the mono-
functional’® macromers and various graft co-
polymers can be synthesized. Poly (ethylene
glycol monomethyl ether) of different molecular
weights can be reacted with acrylic or metha-
crylic acid to convert raidcally polymerizable
macromeric acrylates which can be copolyme-
rized with acrylonitrile to improve hydrophilic

properties of acrylic fibers?.

4. Other Applications

In principle many other polymeric materials
of novel structures can be constructed by the
proper applications of macromer techniques.

One good example is construction of three
dimensional networks of controlled moiety?® hy

gelation of proper, radical-structured macromers.
Conclusion

Polymer-synthetic practice which employs,

one way or another, macromer, technique has
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been steadily gaining its potential as a synthetic
tool to construct the polymer structures of
unique material properties. And the introduc-
tion of a new term, macromer as defined and
proposed in the present review, is timely and
justifiable. Macromer research is still in the
beginning stage and many problems associated
with preparations, properties and reactions of

macromers are yet to be investigated.
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