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13C NMR ANALYSIS OF POLYACRYLONITRILE SYNTHESIZED WITH
MANGANESE(III) DIACETYLACETONATE RHODANIDE AS INITIATORS
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Configurational analyses of polyacrylonitrile polymerized with man‘fanese(lll) diacetylacetonate rhodanide at
higher temperature have been made. The Bernoullian Brobabilily for meso addition on the monomer units in the polymer
chain is 0.5237 from methine and 0.539, from nitrile *C atoms, and the corresponding average number lengths of the
meso sequences (1) are 2.196 and 2.1. The results are similar to those for polymers produced in a free radical process.
They show that polymers are atactic and that the mechanism of polymerisation, under these conditions, is radical.
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INTRODUCTION

Certain organomethalic initiators usually pro-
Zuce polvmers with more a regular structure than do
the free radical initiators, due to the coordination
mechanism of polymerization,

The mechanism of polymerization with man-
gznese(I1T) diacetylacetonate rhodanide is not known,
simce this is the first time it has been as an initiator and
there are no data about the moleculare structure of
polymers produced by this initiator.

The best method of determining polymer mole-
cular structure is by analysis of their NMR spectra.
Compared to proton, ¢ spectra are more sensitive
on the configuration, they are simpler and the polymer
configuration can be expressed in terms of triads,
tetrads, pentads etc. 1, 2].

In this study configurational analyses of poly-
acrylonitrile produced with manganese(11l) diacetyl-
acetonate rhodanide and azoisobutironitrile (AIDN)
as initiators are given.

EXPERIMENTAL

The 3C spectra were recorded on the Fourier
transform VARIAN VXR-300 pulsed spectrophoto-
meters, operating at 75.6 MHz for 3¢ resonances.
The measurement conditions were: spectral width
16501 Hz, acquisition time 2 s, 90° pulse and number
of pulses 12,000. The samples were dissolved in
DMSO-d, and the operating temperature was 90 °C.

Calculations were made from areas in the same
fanctional groups in NMR spectra. In carbons from the
same group but in different configurational sequences
the differences at T, are insignificant [3].

Traces in spectra were approximated. with
Lorentz’s functions. Reliability factors are calculated
by the equation:

172
2 2
R (2 (fexp = feale) /2 fcxp ) (1
were [, are experimental and f_, calculated values.
All calculations were made on the PC computer.

Polymerizations were carried out at 60 °C using
Mn(CsH,0,),(NCS) and AIDN as inhibitors.

RESULTS AND DISCUSSION

The number of peaks characterizing any group of
the vinyl polymers on the NMR spectra depends on the
configurational sensitivity.

In the range where there are peaks from methine
carbons, three peaks from different configurational
sequences exist in Be polyacrilonitrile spectra
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(Fig.1). This number of peaks is characteristic of the
triad configurational sensitivity of methine groups.
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o
Fig. 1. C methine NMR spectrum of polyacrylonitrile
synthesized with Mn(C;H,0,),(NCS)

For segments of ~CH,~CHR- type vinyl poly-
mers (where R is of medium size) vinyl polymers with
the same configuration, the conformation in solution
is qualitatively the same [4). The consequence of this
is the same order of peaks belonging to different
configurational sequences [5].

The order of peaks which belong to the triad
sequences, from methine "“C atoms are sindio (rr),
hetero (mr) and isotactic (mm), from higher to lower
values on the chemical shift [5-7].

We have reproduced the spectra by Lorentz’s
functions and have found molar areas, which are
proportional to the molar ratios of configurational
sequences.

Table 1 shows the results from analysis of peaks
using methine B¢ as polymer, produced by two types
of initiators.

Table 1

Configurational analysis for polyacrylonitrile produced
by different initiators, made on the basis
of methine '7C.

. AIDN Mn(C{H,0,),(CNS)
Triads | oxp, calc exp. calc.
P =0.5320 P, = 0.5237
mm | 0.2800 0.2830 0.2659 0.2742
mr | 0.5040 0.4979 0.5101 0.4988
s 0.2010 0.2190 0.2238 0.2330
n, = 2.1360 Ny = 21000

From molar areas (mm and mr) we calculated the
Bernoullian probability for meso addition (P,,) and
the average sequence length number (n,,) by cqua-
tions:

P, = (mm) + 1/2 (rm) (2)
Ay=1/(1=Ppy) 3)

In the high resolution sPeclra of PAN, in the part
of the spectar from cianide 13¢C atoms, three groups of
peaks exist (Fig.2). The number of traces in the group
depends on the number of pentads in them [8]. The
order of triads in the spectra is opposite to that found
in the methine one, and is mm, mr and rr from higher

to lower values of chemical shifts [6].
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Fig 2. *C nitrile NMR spectrum of polyacrylonitrile
synthesized with Mn(CgH;0,),(NCS)

The resolution between the nearest peaks from
different triads is 0.148 (between mm and mr) and
0.144 ppm (between mr and rr). The differences
between peaks in triads are from 0.022 to 0.096 ppm.
The results of configurational analysis using nitrile o
in terms of triad and pentad sequences are shown in
table 2.

The intensities conform to Bernoullian’s statis-
tics, and from both tables a good agreement, between
the found and calculated values for carbons in the two
different functional groups can be seen.

It is known that PAN synthesized with organo-
metalic initiators is a partly lower soluble polymer,
which is a consequence of its crystal (stereoregular)
structure. At a higher temperature it has betier
solubility and the polymer stereoregularity in the

Bull.Chem.Technol. Macedonia, 13, 1, p.11-13(1994)
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Table 2
Configurational analysis of polyacrilonitrile
amzhesized with Mn(CsH705) 2[NCS) made
on the basis of nitrile 1°C

=mods  Exper. Calc.  Pentads  Exper. Calc.
mmmm 00813  0.0814

- 02777 0.2900 rmmm 0.1360 0.1445
rmmr 0.0604 0.0617

rrmr 0.1127  0.1055

mmirr 0.1234
=r 05228 04970 4 0.2486
rmrm 0.1234

mmrm 0.1614 0.1444

mr 0.0406 0.0451
= 0.2000 0.2123 mrer 0.1023 0.1131
mrrm 0.0564 0.0722

P_=05392 n_ = 21960

solution (9) rises. The polymers studied are complete-
ly soluble in DMSO-d, and the results from 13C
spectra give reliable insight in the structure of the
polymers.

The structures of the polymers which are poly-
merized by free radical initiators and Mn(CsH,0,),
(NCS) are similar. The concentration of the heterotac-
tic (mr) sequences is highest and the concentration of
isotactic (mm) is somewhat higher than the sindiotac-
tic sequences.

The polymer produced with Mn(CsH,0,),
(NCS) as initiator has slightly higher sindiotactic
sequences concentration.

Accordingly the conclusion can be drawn that
under these conditions of polymerization the poly-
merization mechanism is free radical by nature.

CONCLUSIONS

On the basis of '*C spectra, which show triad and
peatad sensitivity, we have made a configurational
amaisis of polyacrylonitrile synthesized with man-
famese 110) diacetylacetonate rhodanide as initiator.
The Bernoullian probabilities are found for meso
ad&tion of monomer units are calculated as 0.539

using methine and 0.5237 using nitrile B¢ atoms.
These values are similar to the results for polymers
produced by free radical initiators (AIDN). The results
show that the mechanism of polymerization under
these conditions is mainly free radical by nature.
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Pesume

YC-NMR AHAJIM3A HA HOJIMAKPHIIOHH TP CHHTETH3HPAH
CO Mn(C1,0,),(NCS) KAKO HHUITHJATOP
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Kaywnm s50posm: MTOJHAKPUIOHHTPHIL; OPrRHOMETAICH HHHLMJATOP; KOHOUIYPAUMOHS AHATH I

maHran(1I) aMaueTHAIETOHAT POJAHMA

Hanpasera ¢ KOHPHIYPRUHOHA RHAIHIE HA NOJHAKPHIIO-
SATpe BoamMepH3INpan co Mn(CsH;0,),(NCS)  kako HHKMumja-
e sa mosmcoka Temneparypa. flpecmerann ce Bernoullian-
SRITI MCDOJATHOCT 33 ME3OAIMLMJA HR MOHOMEPHATA E/IHHMIA H

T 3me 3o Teio i MaKea1oHuja, 13, 1, ¢.11-13(1993)

CPEAHATA JI0/UKHMHA HAa MesocerMenTHre. THe ce cilMyHM co
BPEHOCTHTE 34 NOAUMEPH JA0OHEHH MO PATHKAICH MEXAHHIAM.
Toa ykakysa jieKa MEXaHMIMOT HA [MOJMMCPH3AUMjA €O
Mn(CsHy0,),(NCS) xako MHHUMJATOP FIMBHO € PUIMKATICH.
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