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Determination of Copolymer Composition Monomer Reactivity Ratios and
Distribution Sequences of Different Acenaphthalene Copolymers
Using the Ultra-Violet Absorption Method

Saleh A, Al-Zamzam
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Abstract: The absorption of radiation by determined experimentally by viscosity

polymeric systems containing pendent aromatic
units produces photo-excited states. This
phenomenon has generated considerable
research interest since polymeric systems may be
used for energy collection and transmission.
Poly (Acenaphthalene) was prepared by

solution polymerization at 60C* A series of

copolymers of Acenaphthalene and acrylonitrile
were prepared by emulsion polymerization.The

molecular weights of homopolymer of

Acenaphthalene and its copolyvmers were

* Al-Fateh University — Faculty of Engineering , Department of
Chemical Engineering, Tripoli, Libya.

measurements for different runs. The average
molecuiar weight (Mv) was found ro be between
{8000 and 39000 depending on the copolymer
composition ratios in the runs.

Different feed ratios of homopolviners and
copolymers were prepared in different run
numbers (1— 8). Cary 14 Ultra—Violet absorption
spectrophotometer was used to determine the UV
absorption of polymers with different
concentration at wavelengths range between
250-350 nm. Then the percentages of
Acenaphthalene (ACN) in the copolymer and
monomer reactivity ratios were calculated.

It was found that Ultra-Violet absorption
spectroscopy can be applied to give similar results
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for the copolymer percentage composition and
distribution sequences consistent with elemental
analysis and copolymer composition equation.
The average lengths of a given sequence has been
calculated and the sequence length of ACN units
in the copolvmer are in close agreement with those
obtained using the copolymer composition
equation, indicaring the highly alternating
character of the copolymer Ploy (ACN-CO-AN).

INTRODUCTION

The absorption of UV energy by fluorophores
attached to a polymer chain and the subsequent
energy migration by way of excitons are subjects of
theoretical interest ' This phenomenon has general
considerable research interest since polymeric
systems may be used for solar energy collection and
transmission. The production of these electronically
excited states in polymeric systems and the
photophysical behavior associated with those states
continue to be an active area of research®*. The
preparaticn of polyacenaphthalene Poly (ACN) and
its copolymers with 2-vinylnaphthalene (2VN) Poly
(ACN-CO-2VN), acrylonitrile (AN) Poly(ACN-CO-
AN), methacrylonitrile (MAN) Poly(ACN-CO-
MAN), vinylcarbazol (VC) Poly (ACN-CO-VC),
and the studies of the Exciton migration on these
copolymers using excited singlets, excimers or
exciplexes which is limited by polymer structure were
previously reported 159,

The overall efficiency of excimer formation will
be determined by polymer chain conformation. A
helical conformation allows stacking of chromaophores
outside the main coil of the copolymer. Thus,
intramolecular association depends upon the repeated
distance between the frans groups of the helix.

Ultra-violet absorption spectroscopy (UV) as a
tool for the determination of Monomer reactivity
ratios (r, & r,) as well as the distribution sequences
of copolymer.

Determination of the copolymer composition and
knowing the monomer reactivity ratio is very
important for knowing and determining the longest
energy migration lengths.

The maximum energy migration lengths in
copolymers of Acenaphthalene with acrylonitrile,
methacrylonitriles, and 1-vinylnaphthalene with the
percentages (47%, 5%, 78% ) of ACN in each of
the copolymer were reported to be 70, 88 and 94
angstrom respectively ",

The percentage of Acenaphthalene (ACN) in the
copolymers was determined by different methods.
In this work Ultra-Violet absorption spectroscopy
was applied to give good results which are similar to
those obtained by the tedious process of elemental
analysis. This accurate and easily-handled technique
was developed for poly(ACN-CO-AN) and
poly(ACN-CO-MAN) as shown in Tables I and 2.

Another important techniques is the determination
of the degree of alteration by knowing monomer
reactivity ratios runs r, and r,. It is also possible to
determine the distribution sequences of the
copolymers chain in a quantitative manner.

This sequence distribution can be determined and
calculated by Harrowed and Ritchey equation'®
based on the run number (R) which is defined as
“the average number of uninterrupted monomer
sequences for runs that occur in a copolymer chain
per 100 monomer units”.

MATERIAL AND EXPERIMENTAL
METHODS

Poly(Acenaphthalene) was prepared by solution
polymerization at 60C° using Azo-bis-isobutyronitrile
(AIBN) as an initiator in dry degassed benzene.
Copolymers of Acenaphthalene and acrylonitrile were
prepared by emulsion polymerization. !, in a mixture
of water/ethanol, potassium persulfate was used as
an initiator. Emulsifier and surfactant were added.

The molecular weights of homopolymer of
Acenaphthalene and its copolymer were determined
experimentally by viscosity measurements for
different runs by Ostwald viscosity methed at
constant temperature for all runs, then the Mark
Sakurada equation { [n] = k M *} was used. Where
[0l is the intrinsic viscosity, (k) and (a) are constants
which depend on the solvent. (k) = 3.0 x 10” and
(a) = 0.594 for benzene used as a solvent ', The
number average molecular weight was found to be
between 18000 and 39000 according to the copolymer
composition ratios in the runs.

Samples of homopolymer and copolymers of
Acenaphthalene were purified by dissolving the
polymers in 100-ml benzene and precipitated by 600
cm * methanol. Drying was carried out in a vacuum
at 25 C° 0.1 g/l of each of the polymer and
copolymers were dissolved in 1,2-dichloroethane and
the following three concentrations were prepared 2 x
103 g/l, 4x10 2 g/, and 8x107 g/l.

Different feed ratios of homopolymers and
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copolymers were prepared in different run numbers
(1-38).

Cary 14 Ultra — Violet absorption spectrometry
was used to determine the absorption of polymers
with different concentration at wavelengths between
250 — 350 nm.

RESULTS AND DISCUSSION

The UV absorption spectra for different
concentrations of the homopolymer Acenaphthalene
in 1,2-dichloroethane solvent and its copolymer
Poly(ACN-CO-AN), were shown in spectra figures
| and 2 respectively.

The percentage of ACN [F | in the copolymers
was determined from UV absorption spectra. The
absorption at 290, 300 and 306 nm were used to
calculate the percentage of ACN in the copolymers.
At 290 nm, Poly (ACN) has a strong absorption peak.
For a concentration of 8x10 = g/l the absorbance is
0.43 as shown in figure 1.

The percentage composition of ACN in the
copolymer is given by the following equation :

F:A_M_gﬂxloo (1)

o
homo, &

Where F is the percentage of ACN.
Ampuly‘ is the absorption at concentration
6 x 10 7 g/l for the copolymer.

0.4

03
8x1073 g/l

6x10° g/l

4x10° g/l
2x107° g/l

Fig. 1. UV spectrum of Poly(acenaphthalene) dissolved in 1,
2-dichloroethane at different concentrations, g/l. in, Abs 1.

A isthe absorbance at the same concentration
for the homopolymer at a given wavelength.
Example :

run number 1:

F = 0.10 x 100 = 38.5 % at A 290 nm

0.26
F,= 0.65 x 100 = 36% at A 300 nm
0.18
The values in the denominator are obtained from

figure 2.

These F values are listed in Tables 1 and 2.

The absorption at 290, 300, 306 nm.
vs.concentrations of Poly (ACN) homopolymer
plotted in figure 3 shows a maximum absorption at
290 nm.

The resulting values listed in Table 1 column (a)
are the percentage of Acenaphthalene (F) in the
copolymer Poly(ACN-CO-AN) calculated from
experimental data of the UV absorption method. The
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Fig. 2. Absorption of Poly(ACN-CO-AN), 36% ACN in
Lopolymer Concentration of curve A) (6x10 -g/1), concentration
of curve B (4 x 10 7 g/1).
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Fig. 3. Absorption (A) vs concentration of poly
(Acenaphthalene).
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values in Table 1 column (b) are the percentage of
ACN of the same copolymer obtained by Nitrogen
elemental analysis.

Similarly, values in Table 2 column (a) and (b) are
the percentage of Acenaphthalene in the copolymer
Poly(ACN-CO-MAN). F is the percentage of
Acenaphthalene in the copolymer, (usually F is the
mole fraction, here it is expressed as a percent).

Table 1. Composition of Poly(ACN-CO-AN)

Run ACN : AN % ACN (F) in % ACN (F)
numbersfeed ratio| incopolymer (a) | copolymer (h)
1 129 38 36

2 2:8 47 48

3 3:6 66 76

4 4:0 78 84

5 5:5 76 82

6 6:4 80 89

7 8:2 90 9l

8 9:1 95 94

Table 2. Composition of poly (ACN-CO-MAN)

Run ACN : MAN % ACN % ACN
numbers (a) (b)
| 0.05 : 0.09 14 16
2 0.03 : 0.97 07 09
3 0.01: 0.99 04 05

Monomer reactivity ratios of Poly (ACN-CO-AN)
and poly(ACN-CO-MAN) can be calculated by using
the copolymer composition equation”, which gives
the copolymer composition as the mole fraction of
monomer in the copolymer.

where | is the mole fraction of Acenaphthalene
(ACN) in feed.

f, is the mole fraction of Acrylonitrile(AN), or
Methacrylonitrile (MAN), in feed.

r, is the monomer reactivity ratio of
Acenaphthalene (ACN).

r, is the monomer reactivity ratio of Acrylonitrile
{AN) or Methacrylonitrile (MAN).

F, is the mole fraction of Acenaphthalene (ACN)
in the copolymer.

The plots of r vs 1, for run numbers 1,2,7 and 8
are shown in figure 4, for poly(ACN-CO-AN). Four

lines crossed at (P) (r,=2.40)and (r,=0.10). By
using these values the percentages of ACN in
copolymers were calculated by equation (2)!7! and
found to be in good agreement with UV data method.

The values of ACN composition in poly(ACN-
CO-AN) which are listed in Table 1 were calculated
by the Nitrogen weight % analysis as shown in Table
3 and figure 5.

Table 3. Weight percent Nitrogen and mole fractions of
polymers.

Run ACN :AN Analytical F, ACN F AN
No. Feed ratio (wt%) (u) (b) (c)
1 1:9 10.09 0.36 0.64
2 2:8 7.22 0.48 0.52
3 3j:6 2.48 0.76 0.24
4 4:6 1.58 0.84 0.16
5 5:5 1.83 0.82 0.18

6:4 1.02 0.89 0.11
7 8:2 0.89 0.91 (.09
8 9: 1 0.68 0.94 0.06

(a) Theoretical wi. % N2 in the copolymer ( ACN —CO — AN).

(b) Mole fraction ACN in the copolymer obtained by ( I- F an e

{c) Mole fraction AN in the copolymer,obtained by reading the
value of weight (N, % ) directly from the graph (Fig. 5).
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Fig. 4. Monomer reactivity ratios, r, vs r, in Poly (ACN-CO-
AN).
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Fig. 5. Theoretical weight % (N2) vs Nitrogen F, .
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The plots of mole fractions of ACN [F ] in
poly(ACN-CO-AN) and poly (ACN-CO-MAN) vs.
the mole fraction of ACN in feed (f ) are shown in
figure 6 and figure 7.

Curve (A) shows the value calculated from the
copolymer composition equation, where r, is 2.40 and
r, is 0.1 for copolymer poly(ACN-CO-AN), r =
2.38 and r, = 0.15 for the copolymer poly(ACN-
CO-MAN).

Curve (B) shows the experimental data from UV
spectra. The close agreement between curve (A)
and curve (B) indicates the utility of quantitative UV
analysis for the copolymers used in this work,
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Fig. 6. mole [raction of ACN (F1) in poly (ACN-CO-AN) vs.
mole fraction of ACN in feed 1. Curve A calculated from
copolymer composition equation, Curve B calculated from UV
absorption data.
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Fig. 7. mole fraction of ACN (F1) in poly ( ACN -CO-MAN)
vs mole fraction of ACN in feed f1,Curve A calculated from
copolymer composition equation, curve B calculated from UV
absoprtion data.

It is well known in radical copolymerization that
when the Zr . r, product is zero or less than one, a
perfect alternating copolymer is obtained, but when
Zr. r, product is equal to one an ideal random
copolymer is obtained. Since the product of the
reactivity ratios Xr,.r , for the ACN-AN copolymer
is less than one and close to zero (2.4 x 0.1 =0.2)
then the copolymer has the tendency to alternate.

It is possible to determine the degree of alteration
as well as the distribution of various monomer
sequences in the copolymer chain in quantitative
manner. Once ther, r,, f, f,, and F (% ACN) in the
copolymer are known, it is possible to determine the
sequence distribution. The calculation is based on the
run number (R) which is defined as “ The average
number of uninterrupted monomer sequence (Or runs)
that occur in a copolymer chain per 100 monomer
units” derived by Harwood and Ritchey as follows!®l.

200

R = 3
2 + i - ["lll’2 5K l"]f’t’1 (3)

where f, and f, are the mole fraction of ACN and
AN in feed respectively and r .1, are the monomer
reactivity ratios of ACN and AN respectively.

The sequence distribution (Triads) can be
calculated by the following relationship ¥ :

F, = [fl-R200P )
(f)?
F,, = [R/200] (5)
(F, )
F, = [R/200] (6)
(L)
F,, = L[f-R200]? (7)
8
F,, + F,, = R/I00 [f, - R/200] ()
(f)
F, + F, = R/I00[f2 - R200] ©)
()
IF, =20

The results of this calculation for triads are listed
in table 4.

The average lengths of a given sequence can be
calculated by: ACN=rx f1/f2 + |

The sequence lengths of ACN &AN units in a
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Table 4. Calculation for the triad fractions of poly (ACN-CO-AN)

(R) | Feed ratio F111 F212 F121 F222 F112+ F211 Total
67 2:8 0.25 0.97 (.20 0.28 0.0 0.22 1.92
58 3:6 0.02 0.70 0.18 0.32 0.20 0.49 1.91
53 4:6 0.12 0,44 0.19 0.32 0.31 0.41 1.80
44 | 5:5 0.31 0.19 0.19 0.31 (.49 0.49 1.98
35 6: 4 0.50 0.08 0.18 0.33 0.38 0.49 1.97
17 §:2 0.79 0.01 0.18 0.32 0.18 0.47 1.95
08 | 9:1 0.90 0.17 0.16 0.36 0.08 0.48 1.98
copolymer of 47% ACN (feed ratio 2:8) are shown [3]  Winnik, M.A.,Slomkoski, 8., 1986, Macromolecules,
to be 1.6 and 1.4 respectively. These are in close _ 19,500.
agreement with the sequence calculated in table 4 L‘_” Ren.x;Guillet, J.E., 1985. Macromolecules, 18,2012.
indicating the highly alternating character of the ] gabax}essﬁ,;ﬂv.l}{.l; 1261;11251111 S.A., 1985. Polymer
ACN-CO-AN lymer. These results of FEPRIAE Aty 2y Bl .
(1 I )t;()po C}I/mer | 2e e O.tt.{he [6] Cabaness,W.R.;lin,C.L.J., 1984. Polym. Sci. Poly.
sequence lengths Ell"l copolymer composition Chem.Ed. 22.857.
eguatlon together wn%] the quantitative absgrpnon data [7]  Zamzam, S.A., Cabaness W.R., 1986. C.Chen,
glveetgocmlconclusunltosuppor{ourev1dencethat Polymer Preprint,.27,.2, 366,
alternating copolymers allow stacking chromophores 81 Principle s of polymerization, “ 3" eddition,
outside the main coil of the copolymer and increase GOdian, P455- 457, John Wiley & Sons, New York
the efficiency of the energy (Exciton) to migrate along (1991).
the chromophores of the copolymer so that energy 01 Cabaness W.R., S.AZamzam S.A. 1987.
may be transmitted or trapped. Photophysies of Polymers Charles E.Hoyle, John
Torkelson, editors,Library of congress cataloging-
in-publication data 1987 energy migration p.358.
(10] Brandrup.J,Immergut.E, Editor, 1973, Polymer
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