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Abstract. The papsr desoribes a method based upon
the Monte Carlo tehnlque for computing the reactivity ratios in
binary irreversible copolymerization with ultimate effect. The
method is applied with very good results to the methyl methacry-
late / chloroprene copolymerization : r; = 0,08, r, = 5,1 (ex-
perimentally determined values), and r 10.073, r 93.352 {here
computed values), A brief discussion oﬁ the stability of asome
Monte Carlo algorithms used in Polymer Chemistry is alse¢ inclu-
ded.

1. Introduction

The Monte Carlo computation of the monomer reacti-
vity ratios has two important advantages : i) the easy usage of
the sequence distribution data, and ii) the method does not
change the error structure observed in the original date (this
problem has been discussed by Bahnkenl, Tidwell and Mortimerz,
McFarlane, Reilly and O'Driacollj; for an up-to-date review of
Monte Cerlec applications in Polymer Science one may consult ref.

4).
Our Monte Carlo method?™ ! was developed to compute

the reactivity ratios in binary irreversible copolymerization
with ultimate effect,

- k1g *
AMAMT 4 My = AAAM ; I,J = 1,2
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where ﬂffvu; denotes the macroradical or macroion, MJ stands
for the monomer, and rr o= kig/kiy, I £J, defines the reacti-
vity ratios.

This method is presented and applied to the copoly-
merization of methyl methacrylate with chloroprene.

We note that it is not difficult to extend the me-
thod to copolymerizations which follow other reaction mechanisms,
i.e,, penultimate affect, reversible copolymerization, etc.

2, Monte Carle Computation ot the Reactivity
Ratios

Briefly, our Monte Carlo method for computing the
reactivity ratios consists in the following : one generates,
using the Monte Carlo model8 of binary irreversible copoly-
merization with ultimate effect, all the macromolecules pos-
sessing the same specified composition, Fl, for a given feed
composition , fl. The resulted Ty, T, values are recorded and
used within the strategy described below.

For a given (fi, Fi)'l pair oifle obtains ny doublets
(rl. r;). Let us denote the set 51 by :

5, = { (r;, rejij} . 4 » 1,2, 500m (1]
J = 1,2,....111

Because the monomer reactivity depends on its che~
mical identity, the desired Ty Tp values must exist within
every set Si ,1=1,2,404yn , and one obtains them perfor-
ming the intersections :

n
X Si = 8§ (2)
i=1
Because both the experimental data, i.e., (f,F),
and the computing method, i.e., the Monte Carlo model, are
mortaged by errors and simplifications, respectively, the in-
tersections (2) are performed according to the rule that two
paira of reactivity ratios are equal if they coincide within
chosen tolerances as :
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(rqy, r2)ip = (rl, rg)qu, if and only if

+ i + = 1
(rlkp - x= (rljjq and (rz)ip -3 (ra)jq
with

0 {xga,o0 g’yg'h
where & and b are the chosen tolerances, and (rl, r?”ip € Sp,
(rl, rQ)Jq € Sq.

The intersections (2) result in the set S :

s ={(r1, ro)y i ks L;2ewe

and the desired values T1s To of the reactivity ratios are
obtained as arithmetic means 3

m m
r) = Z (r)y - =S (m) (3
a1 s |

3. Application : Copolymerization of Methyl
Methacrylate with chloroprene

The experimental data displayed in Table 1 are taken
from ref. 9 ; M; refers to methyl methacrylate and M, to chlo-
roprene.

Table 1. The input data (the polymerization

degree N is 1000}

i No. /1) F, x 107 F, x 107
1 2
A 2/98 860 140
2 3/97 TTo 230
3 4/96 Tlo 290
4 5/95 640 360
5 lo/90 480 520
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The elements of the sets Si’ i=1,2,...,5, are
collected in Table 2 (copolymer number corresponding to Table
1), The elements of the S set are in the area marked by das-
hed lines in Table 2. By means of relations (3), one obtains :

ry = 0.587/8 = 0.073, rp = 46.819/8 = 5.852 (4)

The values (4) compare very well with those obtained
by Braun et all® (i.e., r; = 0.08, ry = 5.1) ueing ususl
methods.

4. The Precision and the Stability of the

Monte Carlo Models.

The Monte Carlo models are relatively widely used

in Physicsll, Chemistrfyl2 and Polymer Science4 because they

allow to construct the state history (in chronological order)
of the real system. The value ot the Monte Carlo experiments
is conditioned by the precision and the stability of the re-
sults one obtaina.

It is well known'J that the precision of the Monte
Cerlo computations is proportional to (DINDlIz, where D is
a constant and N stands for the number of trials. For the
purpose ot the Polymer Chemistry (i.e., simulation of polyme-
rization reactions) one assures an acceptable precision con-
pidering & polymerization degree N > 500. The following results,
obtained using our MEHORY—B‘programB, support the above sta-
tement :

N 1lo 50 1loo Z2oo Joo0 4o0 500 600 Too Boo

B 95 60 57 57 56.67 56.00 56.00 56.17 56.17 56.25

900 looo

56.33 56.31
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Table 1. The stability of the Monte Carlo results

(MEMORY - 5 type computations

15)5'2

No. %M, No. %My No. %My No. %M,
1 66.7 26 66.1 51 65.2 76 65.2
2 67.1 2T 66.7T 52 66.2 77 66.7
3 66.2 28 66.3 53 66.8 78 66,6
4 65.9 29 65.2 54 67.0 79 66.9
5 6T.3 30 67.6 55 67.8 80 66.8
6 67.6 31 65.7 56 67.6 81 66.9
7 67.7 32 66.9 57 66.3 82 66.2
8 65.7 33 66 .6 58 67.0 83 67.3
9 6T.3 34 66,2 59 67.1 84 67.6

10 65.3 35 67.0 60 67.T 85 66.4

11 66.6 36 65.9 61 64.6 86 66.5

12 66.7 37 67.0 62 67.3 87 66.8

13 66.8 38 65.9 63 67.7 88 67.3

14 67.3 39 65.4 64 67.3 89 65.8

15 65.9 40 65.5 65 66.4 90 66.3

16 66.6 41 66.3 66 65.3 91 66.6

17 66.5 42 66.T 67 66.7 92 65.4

18 66.1 43 66.1 68 66.6 93 66.T

19 67.5 44 67.1 69 66.9 94 66.4

20 66.0 45 66.2 70 6T.2 95 66.3

21 65.9 46 67.1 71 66.1 96 66,9

22 66.3 AT 67.2 T2 66.1 97 66,1

23 68.4 48 66,1 73 66.9 98 66.5

24 67.T 49 66.2 T4 67.3 99 6T.0

25 67.4 50 65.9 5 66.1 100 6T.1

8 The total computing time is 5 min. 1 sec. on the IRIS 50

computer,

D No. 1 meane that one has used the sequence 6000 - 7000,

No. 2 the sequence TO00 - B000 etc.
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%ul stande for the molar percent of the ll = mer in the macro-
molecule with polymerization degree N :

ultimate

AN - 3
rnlly + My et T ig

Concerning the siability of Monte Carloe results, we
note. that they are very senzitive to the statistlcal quality
of the random numbers sequence between 6000 and 7000 is the
best ssquence of 1000 rendom numbers furnished by ALEA? (i.e.,
CsI.I, random numbers generator). Working with the best ase-
quencs, one may oredit the resulis obtained in one rum. In thie
way, one gats the important advantage to visualize some mole-
cular features of the macromoleocule, In order to study if the
resulte depend upon the random numbers seguence, we "synthe-
tized"™ 100 macromolecules (N=1000) using 100,000 random num-
bers (i.e., the sequences 6000 - 7000, TOCO - BOOO stc} 3

X *
enultimate
g - My ey BEIRRLS iy - My 5 1,0,K41,2

(r1-0.325, ri-l.330. r:a-réno.ooo, M, in feed, molar fraction
is 0.6). The results displayed in Table 3} clearly show the de-
pendence upon the statistical quality of the random number se-
quences which we used,

Because the standard deviation, s, of ﬂl values
collected in Table 3 comparee well with the experimental ac -
curacy, one may conclude that the variability of the Monte
Carlo. results is not very important :

1 —
s [é(‘z '7‘)’2/(’1-1)‘]1/2 -{gcﬂi'i - 55)?/99:]1/2 p

e loo
- 00693 wheare “1 - %xi/n = g “1,1’100 - 660574 .

Refarences

1, P.W.Behnken, J.Polym.Sci., 42, 645 (1964),

2, P.W,Tidwell and G.A.Mortimer, J.Polym.Sci., A3, 369 (1965).

3, R.C. MoFarlane, P.M.Reilly and K.F¥,0'Driscoll,J.Polym.Seci.,
{in press}.



4, W.Bruns, I.Motoc and K.F.O'Driscoll, "Monte Carlo Applications
in Polymer Science”, Lecture Notes in Chemistry,Springer,
Berlin, 1981 (in press).

5. I,Motoc,Math,Chem., 11 (in press).

6. I.Motoc and I.Muscutariu, J.Polym.Sci.,Chem.Ed., 18, 757 (1980).

7+ I.Motoc,J.Macromol.Sci.-Chem., Al5, 85 (1981).

8. I.Motoc, St.Holban and D.Ciubotariu,J.Polym.Sci., 15, 1465
(1977).

9. J.R.Ebdon,Polymer, 15, 782 (1974).

lo, D.Braun, W.Brendlein and G.Mott, Bur.Polym.J., 9, 1007 (1973).

11, K.Binder,ed., "Monte Carle Methods in Statistical Physics",
Springer, Berlin, 1979.

12, P.Lykos,ed., "Computer Modeling of Matter", ACS Symp.Series,
Washington, 1978,

13, J.M,Hammereley and D,C,Handscomb, "Monte Carlo Method",

Wiley, New York, 1964.

14. G.¥,Evans, G.F.Wallance and G,L.Sutherland "Simulation Using
Digital Computers", Prentice-Hall, Englewood 0liffs, N.J.,
1967.

15, I.Motoc,R.Vancea and St.Holban, J.Polym.Sci., 16, 1587 (1978).



