This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Computation of Monomer Feeds and Probability Products for Given
Terpolymer Systems

George E. Ham* R. D. A. Lipman®

* GEIGY RESEARCH DIVISION OF GEIGY CHEMICAL CORPORATION, ARDSLEY, NEW YORK

To cite this Article Ham, George E. and Lipman, R. D. A.(1967) 'Computation of Monomer Feeds and Probability Products
for Given Terpolymer Systems', Journal of Macromolecular Science, Part A, 1: 6, 1005 — 1010

To link to this Article: DOI: 10.1080/10601326708053753
URL: http://dx.doi.org/10.1080/10601326708053753

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601326708053753
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 40 25 January 2011

Downl oaded At:

J. MACROMOL. SCI.—CHEM., A1(6), pp. 1005-1010, Oct., 1967

Computation of Monomer Feeds and
Probability Products for Given Terpolymer Systems

GEORGE E. HAM and R. D. A. LIPMAN

GEIGY RESEARCH
DIVISION OF GEIGY CHEMICAL CORPORATION
ARDSLEY, NEW YORK

Summary

Based on the simplified terpolymer composition equations, a computer
program has been written to calculate monomer feeds necessary to produce
terpolymers of specified composition. From the computed feed composi-
tion for equimolar terpolymers, the probability products, which will be
at a maximum under these conditions, were calculated for a number of
monomer trios. The results show that considerable interaction occurs
among the monomers under conditions of maximum alteration and that
effects due to e values rather than Q values of the monomers predominate.

The evolution of general reactivity parameters, p, for monomers
in copolymerization is discussed in detail in an earlier publication
(1). The development is believed to be rigorous, relying only upon
the assumption of “sequence reversibility,” expressed as

PpP2, Py = Py3P3Py = 2

It was recognized that 2 varies with monomer composition. Com-
parisons were made accordingly, and p values calculated at equi-
molar monomer ratios where a simplified equation in reactivity
ratios results.

T3 Tay 732

Tig + Pigfyp =+ Typ Tog + PyqTag + Tog T3 1 Taoly + 1y

— T12 T T23 =
Tig + Tiglip + Tig Tag + Tafae + Tap Tog + Toglyy + 7oy
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That monomer reactivity comparisons should be made at equi-
molar values of these monomers is axiomatic. However, additional
important information regarding monomer reactivities can be gen-
erated by comparisons at equimolar terpolymer compositions.® At
this point heterogeneous monomer sequences are at a maximum:

MM1M2M3~‘
MMstMzM
MM2M 1M3M

Indeed, £ at this point (#,) is the sum of the probabilities of find-
ing ~MM;Mz~, ~MM;M;~, and ~M:M;M;~ sequences.
Monomer reactivity is therefore being considered under conditions
of maximum alteration and 2, is a measure of alternating tendency
in the equimolar terpolymer. By so choosing equimolar polymer
composition, we are essentially suppressing the effects due to Q,
the reactivity of the monomer, and are concerned now only with
the interactions of the monomers expressed by their e values.

MATHEMATICAL MODEL

With the above considerations in mind, the simplified terpolymer
composition equations (2,3) were rearranged to yield the two simul-
taneous equations

Ax®+ Bxy+Cy>*+Dx+Ey=0
Mx*+ Nxy+Py>+ Qx+ Ry+S=0

where the monomer concentrations M;=x, My=1y, and M;=
1 —x—y. The coefficients A through S have the values shown in
Table 1, where & = m;/m, and 8 = m,/m,, and m,, m,, and m; are the
concentrations of the respective monomer units in the terpolymer.

One of the unknowns, y, was eliminated from the simultaneous
equations by forming their resultant, following, for example,
Uspensky (4).

Solution of the resulting polynomial in x will obviously yield a
maximum of four values for x, and subsequent substitution of these
values in one of the simultaneous equations will give eight values
for y. Significant sets of solutions of x, y, and 1 —x —y, i.e., those
for which 0 <x <1, 0<y <1, and x +y < 1, must then be in-

® These are hypothetical terpolymers, since the comparisons can be derived from
calculations based on the three binary reactivity ratios concerned.
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TABLE 1

Coefficients of Simultaneous Equations in M, and M,

Coeflicient Value Coefficient Value
1 1
L 1 v B _B_ 1 1
T Tales Tistar Tz TyTiz Iy
l—a o
B SRS T N B L, B 1 %
faiTie Tiales  Toilig Niafar Tigfar Tiglse Tyl T3
C @ _a P B _B
Pyalay  Tyg Tiglsy  Tyg
1 1 2
b , @ -
Toily Taily  Tistsi T
E e R 8_ B
T12t23 Tz Tislse
S —B
Ty

troduced into the original terpolymer composition equations to
ascertain which values of monomer teed composition will satisfy
the given a and B values.

For a=pg=1, the resulting monomer value will, of course,
generate equimolar terpolymers.

RESULTS FOR THE GENERAL CASE

For the general case in which a and B have different positive
values, the results shown in Table 2 were obtained. These can be
compared with those of Table 4 of the paper by Ham (2). The reac-
tivity ratios used in both examples were

T2 0.52, Tag 1.35; r31 0.114, 1‘13 0.41, 732 0.18; r21 0,46

RESULTS FOR EQUIMOLAR TERPOLYMERS

Table 3 gives appropriate monomer values for a number of equi-
molar terpolymers. Values for the reactivity ratios used in the cal-
culations were taken from the paper by Ham (5). Calculation of
P., the maximum value of # as a function of monomer composi-
tion, yields a measure of maximum alternation tendency in the
systems shown. Thus 6.7% of the three member sequences in
styrene-acrylonitrile-methyl methacrylate are ~~M;M;Mz~ or its
variations (~~MaMM~n, ~-MM ; My~s) at a maximum. For compari-
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son, equal reactivity would lead to a random value of (1/3)*=
0.037; so it is seen that considerable interaction is occurring.

Examination of a large number (60) of monomer trios, involving
trios having zero, one, two, or three crossover systems, allows the

TABLE 2
Calculation of Feed for Given Terpolymer

Caled. mole fraction of

Monomers monomer in feed

1 2 3 a B M, M, M,
Styrene  Methyl Acrylonitrile 1.44 1.50 0.3620 0.3633 0.2747
methacrylate 0.3592¢ 0.3603 0.2805
Styrene  Methyl Acrylonitrile 2.26 2.28 0.5352  0.2607 0.2041
methacrylate 0.5323° 0.2651 0.2036

¢ Original feed compositions from data of Ham (5).

TABLE 3

Feed Compositions and Probability Products for Several Equimolar Terpolymers

Mole fraction in
feed for equimolar
pelymer comp.

M, M, M; M; M, M, PyPpPy

P1PuPy P,
Styrene Acrylonitrile Methyl 0.J60 0.495 0.345  0.0636 0.0710  0.0673
methacrylate
Styrene Methyl Methyl 0.180 0502 0318  0.0600 0.0452  0.0526
acrylate methacrylate
Acrylonitrile Methyl Methyl 0352 0527 0.121  0.0338 0.0568  0.0453
acrylate methacrylate
Styrene Acrylonitrile Methyl 0,078 0510 0.412  0.0328 0.0817  0.0572
acrylate
Styrene Acrylonitrile Methacry- 0.091 0561 0.348  0.0622 0.0512  0.0567
lonitrile
Styrene Methacrylo- Methyl 0251 0374 0375  0.0559 00701  0.0630
nitrile methacrylate
Styrene Methyl Vinyl 0.048 0.040 0911  0.0257 0.0499  0.0378
methacrylate chloride
Methyl Acrylonitrile Methacrylo- 0175 0.575 0.250  0.0525 0.0495  0.0510
methacrylate nitrile
Methyl Acrylonitrile Vinylidene 0.141 0406 0453  0.0378 0.0718  0.0548
methacrylate chloride
Vinyl Vinyl Vinylidene 0.274 0.654 0072  0.0403 0.0523  0.0463

chloride acetate chloride
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conclusion that one, and only one, feed composition will satisfy
given « and B values.

Finally, it should be noted that maximum alternation occurs in a
binary system at a monomer ratio which yields equimolar copoly-
mers. Thus

my rn(My/M,) +1

1= = R/ OM/M,) + 1
whence
MI/MZ = Vry/r,
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Zusammenfassung

Auf der Grundlage einer vereinfachten terndren Polymerenzusammen-
setzungsgleichung wurde ein Rechenprogramm entwickelt, das die
Berechnung der notwendigen Monomerendosierung berechnet um ternire
Polymere gegebener Zusammensetzung herzustellen. Aus den berechneten
Dosiermengen fiir 4quimolare ternire Polymere wurden die wahrschein-
lichsten Produkte berechnet, welche sich unter diesen Bedingungen
maximieren werden. Die Ergebnisse zeigen, dass betrachtliche Wechse-
wirkungen zwischen den Monomeren unter den Bedingungen der maxi-
malen Anderung auftreten und dass Einfliisse der e-Werte die der Q Werte
der Monomeren iiberwiegen,

Résume

Basé sur des équations simplifiées de la composition des terpolyméres
on a developé un programme pour ordinateur afin de calculer les alimenta-
tions en monomere, necessaires pour la production des terpolymeéres a
composition determinée. A partir des compositions computées pour des



11: 40 25 January 2011

Downl oaded At:

1010 G. E. HAM AND R. D. A. LIPMAN

terpolyméres équimoléculaires, on a calculé pour un certain nombre de
trois polymeéres, les produits probables, qui seront présents en quantité
maxima dans ces conditions. Les resultats montrent 'occurrence d’une
interaction considérable entre les monoméres dans ces conditions d’alter-
nation maxima et la prédominance due aux valeurs d’e plutot qu’aux
valeurs Q des monoméres.
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