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ABSTRACT

In the present work high-pressure NMR is used to investigate monomer-stabiliser interactions
between methyl methacrylate, MMA, and Krytox (commercially available carboxylic acid
terminated perfluoropolyether oil) in supercritical carbon dioxide.

A high-pressure apparatus, especially designed to prepare and transfer the samples to the
high-pressure NMR sapphire tube, was assembled.

In order to mimetize the interactions between MMA and Krytox, a simpler model system
where Krytox was replaced by trifluoroacetic acid, TFA, was studied. NMR spectra were
obtained for the monomer and the mixture in CDCl3 and scCO,, at pressures up to 15 MPa,
and at 313.15 K. The observed changes in chemical shifts for MMA + TFA are compared
with the results obtained for the MMA + Krytox system. Preliminary data suggests the
existence of an interaction between the oxygen atom of the MMA carbonyl group and the
proton of the carboxylic acid of Krytox .

INTRODUCTION

Over the last years there has been an extensive research in the use of supercritical carbon
dioxide,scCO,, as a polymerisation reaction medium[1]. Several siloxane and fluorinated co-
polymers were identified as effective stabilizers for free radical dispersion polymerisation of
different acrylates (e.g. MMA, DEGDMA) in scCO; [2-7]. Also commercially available
perfluoropolyethers such as krytox, have been tested with success in this polymerisation [8].

It was suggested that the stabiliser performance was related with the establishment of a
hydrogen bond between the carboxylic acid termination of the stabiliser and the ester group of
the monomer, leading to a pseudo-graph copolymer. However, these interactions are still not
clear [9].

The aim of this work is to apply high-pressure nuclear magnetic resonance, HP-NMR, to
investigate these molecular interactions, since this technique offers unique, highly localized
structural molecular information [10,11].

To that end, a new high-pressure apparatus, specially designed to prepare the mixtures under
study was assembled. The new apparatus and experimental procedure to fill the HP-NMR
tube are described in detail.

9F and 'H NMR spectra of the mixtures of monomer + stabilizer in scCO, are presented. In
order to understand this complex system, MMA + TFA was used as a model system to
mimetise the MMA + Krytox interactions. The observed changes in the chemical shifts for
MMA + TFA in CDCI; and scCO, are compared with the results obtained for the MMA +
Krytox system.



EXPERIMENTAL SECTION

Materials. The monomer methyl methacrylate, MMA, was obtained from Aldrich and
distilled prior to use. TFA (trifluoroacetic acid) and TMS (tetramethylsilane) were used as
received from Merck. Carbon dioxide was obtained from Air Liquide with 99.998% purity.
The surfactant, Krytox 157 FSL (Mw 2500), was kindly supplied by DuPont and used without
further purification.

Methods. The mixtures under study were prepared using a high-pressure apparatus,
schematically presented in Figurel. This apparatus was build around a stainless steel
cylindrical cell similar to the one previously described by Sampaio et al.[12] The cell, with
capacity of approximately 12.4 cm® has two sapphire windows on top and bottom, and a
Teflon o-ring provides the seal at both ends. The cell was immersed in a visual thermostated
water bath and it was internally stirred with a magnetic bar and then placed under vacuum
conditions.

N

Figure 1. Schematic diagram of the apparatus: (1) Hand pump compressor; (2) Filter; (3)
Check Valve; (4) Syringe; (5) Temperature controller; (6) Pressure transducer; (7)
thermostated water bath; (8) Cell with sapphire windows; (9) HPLC valve; (10) High-pressure
NMR tube.

In a typical procedure the reactants were placed into the cell with a syringe. CO, was then
added at the required pressure with a hand pump (High Pressure Equipment CO., Model 87-6-
5) and monitored with a pressure transducer (Setra Systems Inc., Model 204). CO, was
quantified using the density of pure carbon dioxide[13] at the operating pressure and
temperature conditions, assuming that changes in density due to the presence of other
compounds were negligible. After 30 min of continuous stirring, the mixture was expanded to
the high-pressure NMR sapphire tube already described [14], through the HPLC valve. The
system was left to equilibrate for a 30 minutes rest period before closing the HP-NMR tube.
High-pressure NMR spectra were obtained at 313 K using a Bruker spectrometer, ARX400,
equipped with a temperature control unit. TMS was used as an internal reference for the *H
NMR chemical shifts.



NMR RESULTS AND DISCUSSION

In order to understand and clarify the nature of the interactions between the monomer and the
surfactant molecule in supercritical conditions, *°F and H HP-NMR spectra of the
MMA+Krytox system were performed. The *F NMR spectrum in Figure 2A, allowed the
detection of the larger Krytox molecule in a non-resolved spectrum. Figure 2B shows the *H
NMR spectrum of the same mixture, were it is possible to detect the resolved set of
resonances obtained for the MMA molecule. Both spectra were obtained in scCO; at 313 K
and 18.9 MPa.

HO
o (B)H CHs
F (|:F—CF2—O FC
H
CF CF3 OCHj,
’ n (n = 10) (@) 4 OCHs CH;
Krytox Methyl Methacrylate
a B
M J
I e L B B B S B B R
IO SBO 590 -600 -6LO -62.0 60 50 40 30 20 10
A SF chemical shift (ppm) B 'H chemical shift (ppm)

Figure 2: A. ®F NMR spectra of MMA + Krytox in scCOy; B. *H NMR spectra of MMA +
Krytox in scCO,. Both spectra were obtained at 313 K and 18,9 MPa.

In order to establish a valid protocol to study the interactions in these conditions, TFA +
MMA was used as a model system. TFA is a strong fluorinated acid that should interact with
MMA in a similar way to Krytox, and it is easily characterized by NMR.

NMR chemical shifts reflect the electronic structure in a molecule and therefore can be used
to identify and characterize hydrogen bonds[15-17]. The formation of hydrogen bonds shifts
electron density from the proton acceptor to the donor, resulting in deshielding of the bridging
hydrogen atom. Therefore, a downfield deviation of the proton chemical shift is observed.
The 'H chemical shifts of MMA in the systems under study, in conventional media using
CDCl3, were compared with those observed in scCO,. They are summarized in Table 1.

From this data it can be observed that the shielding in the conventional and in the supercritical
medium is similar. In both cases the chemical shifts are shifted downfield when compared to
MMA alone. One plausible explanation for such unshielding is the effect of a hydrogen bond
between MMA oxygen (carbonyl group) and the carboxylic acid proton. Due to the presence
of the conjugated double bond, o and B protons feel these effects with more intensity, as can
be observed in Table 1. The complete assignment of the °F NMR spectrum of Krytox is
being performed, in order to better characterize the interactions with MMA, and to obtain site-
specific information.



Table 1 — Chemical shifts (8) and chemical shift differences (A8) of the 'H resonances of
MMA and the different systems under study, in CDCl3 and in scCO,.

®),, CHs
§ CDCl; scCO; (40 °C; 18,6 MPa)
(@) ol MMA | MMA + TFA | MMA | MMA + TFA | MMA + Krytox
o
S(ppm) | AS(ppm) | 3(ppm) | AS(ppm) Ad(ppm)
H (o)) 6,1 0,047 6,081 0,039 0,008
H (B) 5,557 0,063 5,441 0,056 0,013
OCH3 3,749 0,044 3,689 0,04 0,009
CH3 1,942 0,005 1,927 0,003 -0,001
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