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Determination of MSA units in copolymers:

MSA repeating units were converted in a functionality that allows quantitative determinations. In a
model experiment maleic anhydride was reacted with an excess of methanol (Scheme SI1) and the
reaction product was analysed by 'H NMR spectroscopy. The 'H NMR spectrum shows signals
centred at 6.37 ppm and a singlet at 3.71 ppm. From the coupling pattern and the ratio of the signal
intensity (2 : 3, respectively) the product was identified as monomethyl maleate. The absence of a
singlet at 6.2 ppm and 7.05 ppm demonstrated the absence of dimethyl maleate.
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Scheme SI1: Methanolysis of maleic anhydride as model reaction

To measure the maleic anhydride content of a copolymer, the polymer sample was heated in solution
in the presence of an excess of methanol (cf. experimental part) to open the anhydride ring in analogy
to the reaction depicted in Scheme SI1. Subsequently, the relative MSA content was obtained by
comparing the 'H NMR signal intensity of the -CO-OCHs group at 3.6 — 3.7 ppm to that of the -CO-
OCHo:- signals of either FSH2MA, BMA or DMA. Table SI1 summarises the chemical shifts and the
number of protons per functional group of the four monomer units used in this study. The content of
monomer i in the copolymer as expressed by its molar fraction Fihas been calculated according to Eq.
SI1.
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Where:

(Ai=integrated intensity of the 'H NMR signal of a selected structural element of monomer i,
vi =nnumber of protons in the selected structural element of monomer i)
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Table SI1: Functional groups, "H NMR chemical shifts and number of protons of these groups used in
Eq. SI1 to determine the copolymer compositions (reference signal: CHCls, 7.26 ppm)

Monomer Group \% o in ppm o in ppm (solvent =
(solvent = CDCls) Freon 113/CDCls)
FSH2MA  -CO-O-CH.-CH:-CFe- 2 -0 4.20 - 4.40
BMA -CO-O-CHe- 2 3.90-4.10 3.95-4.15
DMA -CO-O-CHe- 2 3.75-4.00 3.80-4.10
MSA -CO-O-CHs 3 3.55-3.75 3.60 —3.80
MSA = maleic anhydride, BMA = n-butyl methacrylate, FSH2MA = 1H,1H,2H,2H-perfluorodecyl
methacrylate

1) "H-NMR spectra of FSH2MA copolymers have not been measured in pure CDCls

The binary copolymerisation parameter 7 and ri of a monomer pair i/j were subsequently calculated
from a series of copolymer compositions Fi arising from experiments with varying comonomer com-
positions fi. The r-values were obtained by numerical fit of the integrated Lewis-Mayo equation
(terminal model, Eq. SI2) to the data set by means of the program COPOINT [1].
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Eq. SI2)

(Fi — molar fraction of monomer i in the copolymer, fi — molar fraction of monomer i in the reaction
mixture, fj=1 - fi)

Theory of continuous addition polymerization

The change of the monomer fraction fi with the conversion:

df, f,—F,
—=—"—-+ for p—>0 Eq. SI3)

dp  1-p
(fi — molar fraction of monomer “i” in the reaction mixture; Fi — molar fraction of monomer “i”
incorporated in polymer; p — conversion)

3_:; ~f -F Eq. SI4)
Af. =(f.—F)-Ap Eq. SI5)
for Ap—0

Af, >0

it means that if the conversion change Ap is close to 0 also the change of the monomer fraction Afi in
the mixture is close to 0.

With monomer addition:
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Eq. SI6)
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(fi — fraction of monomer “i” in the feed; Fi — fraction of monomer “i” incorporated in the polymer; p —
conversion; a — addition factor (excess); q — number of moles of monomers in the reaction mixture )

To calculate the addition rate it is necessary to know the copolymerisation parameters rias well as the
rate of reaction. When these data are not available in the literature, their determination requires huge
effort.
The advantage of the method described in this chapter consists on following, simple procedure. For
the chosen monomer composition copolymerization reaction has been performed:

- the reaction rate has been determined from conversion vs. time plot.

- the composition of the copolymer was determined for conversion lower than 10 %.
The reaction has been performed twice to eliminate the error. It is of paramount importance to
mention that determined parameters are specific for chosen conditions: monomer’s composition,
concentration of monomers and the initiator, type of the initiator, temperature and solvents.
To understand principles of this method we have to define term- “stock solution”. A “stock solution”
is a reaction mixture at the time to=0, that contains initial the monomer mixture of concentration Co,
and the initial mass of monomers mo. On the base of “parameters” of the stock solution, reaction rate
and the composition of the copolymer, one can calculate the amounts of monomers, the initiator and
rate of its addition.

Determined reaction rate is equal to the rate of addition:
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For ternary system:
Rp = Rpm + Rpm + Rpm< Eq. SI9)
for
R drmi Eq. SI10)
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and
mi = Mini Eq. SI11)

s,

(mi — mass of the monomer “i”; Mi — molecular weight of monomer “i”; ni— number of moles of the
monomer “i”)

After the transformation:
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and “j” in the copolymer)

i
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(Fi, F; — denote the content of monomer

After the transformation of equation SI12 one can calculate the mass of monomer “i” which has to be
added in time unit:
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For other two monomers:

dmj F-M; dm

at = E.M. . at Eq. SI15)
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In order to calculate the addition time one need up front to assume so-called “excess a” — it means the
total mass of the monomers which has to be added (usually as the multiple of the mass mo in the stock
solution). For continuous terpolymerization with post addition phase (to complete the conversion of
unreacted monomers) 10 times excess (a) (10 x mo) has to be added to reduce its influence on the
composition of the copolymer.
_a
~dm

dt

t — addition time

t Eq. SI17)

o — total mass of the added monomer mixture (“excess”

Multiplying the mass of the monomer which has to be added in time unit by the addition time t,

one obtains the mass of the monomer.

dm,
m, = d—t' -t The sum of calculated monomer mass has to be equal to the excess:
d>m=a Eq. SI18)

It is very important to remember that pumps dose volume and do not dose mass. It is necessary to
recalculate masses to volumes using densities.

V. =— Eq. SI19)

i, e,

(Vi— volume of monomer “i”; mi — mass of monomer ”i”; di — density of monomer “i”)

In case one of the monomers is not soluble in others it is necessary to use solvent. This should be also
considered in calculations of the addition rates. Addition rates are calculated as follow:

2V
Raaa = Eq. SI20)

where ZVi consists of volume of each component of the monomer mixture.

The required amount of the initiator can be calculated:

dt ini* Minio Eq. SI21)
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(minio — initial mass of the initiator in the stock solution; kini — decomposition rate constant of the
initiator; ti2 — half life time of the initiator at given temperature)

Calculation of o — parameter:
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r12=0.94, r21=1.02, r31=0, r13=4.9, 1r32=0, r23=8
F1=0.45, F2=0.49
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Example of the calculation:
Targeted terpolymer composition:

Frsroma= 0.20 MersHama= 532 g/mol
Fsma= 0.66 Msma= 142 g/mol
Fyman=0.14 Mwmar= 98 g/mol

Reaction rate: Rp= 0.5 %/min

A) Stock solution
mo= 2.5 g (arbitrary)
Co=2,5 mol/L
Stock solution composition:
mswma = 0,448 g (3.15 x 10 mol)
mrstzva= 0,722 g (1.45 x 103 mol)
musa = 1.33 g (13.57 x 10 mol)
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B)

Q)

D)

E)

F)

mumexk = 4,53 g (3.63 mL)
murx = 2,79 g (3.63 mL)
mamnn = 0,03 g (0.18 x 10° mol)

Addition rate
dm
o m,-R, =2.5-0.005=0.0125 g
dm
dMe g4 5 _ dt _ 0.0125
dt Lo Mo Fam My F, L, 142:066 98-0.14
Megrama  Franama  Meghama - Frariava 532-0.2 532-0.2
Moy _ _ Fou-Mavs  OMegrows _ 066-142 4 50, =0.0055g / min
dt Feanama  Megroma dt 532-0.2
IMuper _ P - Muaa AMegrionn _ 0-14-98 1 5505 6 60084 / min
dt Feanama  Meghoma dt 532-0.2
Addition time
=10 (10x mo - arbitrary)
=22 _ 10 _g5a5
dm R 00125
dt
Initiator
ti2=10 h (AIBN at 65 °C)
Ky = n2 _ 0,012 min* (0,0693 h1)
t
P!

dm ey = Kugy - Magy o = 0.0693-0.03=0.002g / h

dt
AM,y =t- % —33.33-0.002 = 0.066¢

Densities necessary to calculate volumes
drsroma — 1,596 g/em?

dsma — 0.90 g/cm?

dman — 1.32 g/cm?

dmex — 0.80 g/cm?

duex — 1.378 g/em?

das~ —1.11 g/em?

Monomer mixture composition for addition

% =0.0062g / min =0.372g/h

=0.0062g / min



G)

Megri g = W .t=0.372.33.33=12.4g

m 12.4
Vegroma = g FEHZMA — 1596~ 7.77cm®
F8H2MA -

e _ ) 0055g /min =0.33g /h
Mgy = d”;iMA t=0.33-33.33=11.0g
VALV SEPPyI

dBMA
IMusi _ 0008 / min = 0.048g /h
My = d”:j“:AH .t =0.048-33.33=1.69
Vian = Mt _ ﬁ =1.21cm?®

Ay 1.32
MAH is not soluble in the methacrylates used, additional solven was used:
Ve = Z‘MEK - % = 2.50m°

MEK '

Vi = Mo — 2 _q g5em?

d,, 1387

Total volume to be added: V,, = 25.15cm?

Addition rates (volume)
Monomers: \% =0.755mL/h

Initiator: 0.66 g of AIBN in 0.62 mL of MEK (minimum amount to obtain stable solution)
Ve = 0.685cm’®

Vii . Vaen Ve _ 0.685+0.62 —0.0205mL/h

t t 33.33
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Figure SI 1: 'H-NMR spectra of P[F8H2MA-co-BMA-co-MSA]
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Figure SI2: 'TH-NMR spectra of P[FSH2MA-co-BMA-co-MSA] after alcoholysis of succinic anhydride
ring with methanol. The spectra were measured in acetone-ds as co solvent because of relatively high
polarity of hydrolysed copolymer.

The continuous addition polymerization reaction was carried out under homogenous conditions with
AIBN as initiator. During the reaction samples were taken and their composition was determined by
means of 'H-NMR spectroscopy. In order to avoid problems with stirring and influence of post-
addition phase on composition as well as on the molecular weight distribution a 5-fold excess of
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monomers was used and reaction was interrupted after the addition phase. The product was isolated
by precipitation in methanol and dried in vacuo at 40 °C to the constant weight. The 'H-NMR of the
polymer is depicted in Figure SI3.

In order to determine the MSA content the sample was refluxed in the presence of methanol. The
signal from -CO-OCHs group at 3.6- ppm originated from the metahnolized succinic anhydride ring
incorporated in the polymer (see Figure SI4) was used to calculate the copolymer composition.
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Figure SI3: 'H-NMR spectra of poly[FSH2MA-DMA-MSA] before alcoholysis in methanol.
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Figure SI4: 'H-NMR spectra of poly[FSH2MA-DMA-MSA] (final product) after alcoholysis in
methanol.

Table SI2: Changes in the composition of the copolymer during the continuous addition experiment
determined by 'H-NMR.

Polymer composition » [mol %]
Reaction time

[min] Conversion [%] FSH2MA DMA MSA
75 13.5 18 57 25
210 37.4 18 57 25
390 70.2 19 60 21
500 90 17 60 23

Theoretical composition 2 21+2 55+2 24+2

MSA = maleic anhydride, DMA = dodecyl methacrylate, FSH2MA = 1H,1H,2H,2H-perfluorodecyl
methacrylate

) Determined by '"H-NMR on sample taken after the indicated reaction time

2 As determined from low conversion experiment

Table SI3: Comparison between the elemental compositions calculated on the basis of proton
magnetic resonance and measured by elemental analysis (EA).

Carbon [wt%] Hydrogen [wt%] Oxygen [wt%] Fluorine [wt%]

H-NMR 58.33 7.53 13.44 20.70
EA 57.14 7.29 12.09 23.48
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Figure SI5: Molecular weight distribution of the BMA copolymers obtained in continuous addition
experiment with the monomer excess a=5 (___ ) and a=10 (---)
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Figure SI6: Molecular weight distribution of poly[DMA-co-F8H2MA-co-MSA] obtained in continuous
addition experiment (a=5).
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Figure SI7: TGA measurement of fluorinated ternary copolymers under nitrogen. (___) C1
(poly[BMAo.co-co-F8H2MAo.21-co-MSAu.1]), (-—) C3 (poly[DMAos7-co-F8H2M Ao2-co-MSAo.22]).
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Figure SI 8: DSC thermogram of C1 (poly[BMAo.s9-co-F8H2MAo.21-co-MSAw.1]) and C2 (poly[BMAosr-

co-F8H2MAo21-co-MSAu.12]) C3 (poly[DMAos7-co-F8H2M Ao.2-co-MSAuo22]). The second heating at 10

K/min.
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