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Abstract:

Branching was detected in polyacrylates synthesised through radical polymerization via solution-state NMR,
while inconsistencies had been reported for the determination of the molar mass of hydrophilic polyacrylates
between agueous-phase and organic-phase size-exclusion chromatography (SEC). In this work, poly(sodium
acrylate)s, PNaAs, of various topologies were separated for the first time using free-solution capillary
electrophoresis. Free-solution CE does not separate the PNaAs by their molar mass, similarly to separations by
liquid chromatography in the critical conditions. PNaAs with different topologies (linear, star branched and
hyperbranched) were separated using free-solution CE. The electrophoretic mobility of PNaAs increases as the
degree of branching decreases. Separation is shown to be not only by the topology but also by the end groups as
expected for a separation in the critical conditions: replacing a relatively bulky nitroxide end group with
hydrogen atom yielded a higher electrophoretic mobility. This novel method, capillary electrophoresis in the
critical conditions enabled, for the first time, the characterization of hydrophilic polyacrylates according to their
topology (branching) and their chain ends. This will enable meaningful and accurate characterization of their
branched topologies as well as molar masses and enable advances for advanced applications such as drug

delivery or flocculation.
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Introduction

Water-soluble polyacrylates represent an important type of industrial polymer which is found in many
applications ranging from commodity use to high value materials.[1] In particular, the primary uses include
disposable hygiene applications such as baby diapers, and feminine hygiene products. Other industrial/technical
applications are typically more long-life applications, including protective coatings for electrical cable, food
packaging, medical/medical waste adsorbents, agricultural/horticultural soil adsorbents, lubricants/sealants,
cosmetics, and stabilizing agents/thickeners in coatings. Poly(acrylic acid) and its salts are the focus of intensive
research for advanced applications for example as additives for controlled mineralization [2, 3], nano-reactors

and drug carrier systems [4].

Polyacrylics produced by radical polymerization undergo both intra and intermolecular H-transfer leading to
branched polymer chains,[5, 6] including when produced by controlled polymerization, such as nitroxide-
mediated polymerization [7, 8]. This phenomenon is now qualitatively understood for polyacrylates, and some
kinetic rate constants for intramolecular and intermolecular H-transfer have already been determined for
poly(alkyl acrylate)s. The branching in water-soluble polyacrylates received less attention but the occurrence of
transfer to polymer in the radical polymerization of acrylic acid has been demonstrated.[9-11] The aim of this
work is to characterize branching in poly(acrylic acid) (PAA). Branching can also be introduced in the PAA
through multifunctional initiators and inimers.[12, 13] *3C nuclear magnetic resonance spectroscopy (NMR) can
be used to detect and quantify the branching resulting from inter- and intramolecular transfer to polymer in
poly(alkyl acrylate)s [14-16] as well as poly(acrylic acid)[10, 11]. This is done through the detection of the
quaternary carbon at the branching point. The samples synthesized in this work with house-made initiators have
additional branching points of a different chemical nature from this quaternary carbon, which have never been
investigated through NMR. 3C NMR yields an average degree of branching, which corresponds to an average
number of branches relative to the total number of monomer units.[14] NMR yields no information on the
distribution of branching structures inside the sample, for which a separation method is needed. NMR may also
have a limited sensitivity to low levels of long branches which may significantly affect the separation with CE-
CC.

Aqueous size-exclusion chromatography (SEC) is currently the most widely used technique for the analysis of
hydrophilic polyacrylates. However, it is controversial since aqueous SEC of polyacrylates and SEC of the same
methylated polyacrylates in tetrahydrofuran yield significantly different molar masses.[17] Furthermore,
separation of statistically branched polymers can lead to incomplete SEC separation in terms of molar mass.[18]
In the case of hydrophobic polyacrylates, errors up to 100 % were measured for determined molar masses using
multiple detection SEC and the concept of local dispersity.[19, 20] Other forms of liquid chromatography are
increasingly used for polymers with complex architectures and use critical conditions, i.e. conditions where one
component is not separated according to its molar mass. The most popular is liquid chromatography at the point
of exclusion-adsorption transition, also called liquid chromatography in the critical conditions, LC-CC.[21-23]
LC-CC is complementary to SEC [24-26] but its robustness is usually limited in terms of molar mass range,
recovery,[27] influence of the history of the column [28] and this method requires tedious optimization [29].
Separation of charged or generally hydrophilic polymers presents additional challenges in order to use

HPLC.[30] The composition of copolymers of poly(acrylic acid) salts has been investigated once using liquid



chromatography in the critical conditions,[31] but not their branching. The separation of PAA chains according
to their topology will be worthwhile since this property critically affects its efficiency for many applications.
This had never been published to the best of our knowledge.

Capillary electrophoresis is widely applied to a few biopolymers, DNA and proteins, but not to other
biopolymers or synthetic polymers. Capillary gel electrophoresis has been explored for polymer separations
leading to a similar type of separation than SEC,[32] but facing a number of its limitations as well such as the
varying accuracy of apparent molar masses,[33] the influence of branching on a separation by size and not be
molar mass, etc. Free-solution capillary electrophoresis has been little applied to polymer separations but with
success.[34, 35] Hoagland et al. performed free-solution capillary electrophoresis of poly(sodium acrylate)
(PNaA) and some copolymers to study their charge.[36] Cottet et al. then showed that PNaAs, as other tested
polyelectrolytes, are not separated by molar mass when the number of monomer units is well above 10,[37]
corresponding to the critical conditions sought in liquid chromatography (although the mechanism of separation
is different, the mode is the same). We confirmed this by studying the separation of different salts of
oligo(acrylic acid). The resolution of free-solution CE was found superior to the one of SEC.[38] Coupling with
electrospray ionization — time of flight mass spectrometry (ESI TOF MS) showed that free-solution CE
separates oligoacrylates according to the number of monomer units, but also according to the stereochemistry
(tacticity).[39] It also confirmed that free-solution CE is CE in the critical conditions (CE-CC) for poly(acrylic
acid) salts, as there is no separation of the homopolymer according to its molar mass. This mode of separation
has also been observed in the case of poly(styrene sulfonate)[40] as well as DNA[41]. CE-CC was validated in
terms of repeatability through the characterization of gellan gums.[42] Furthermore the method displayed a fast
separation of gellan gums in terms of the differences in their composition. Dendrimers of different generations
exhibit different electrophoretic mobilities [43] and separation by branching is thus expected in CE-CC, with no

influence of the molar mass.

In this work, CE-CC is applied for the first time to poly(acrylic acid) salts with different topologies, levels of
branching and chain ends. The average branching structures are assessed qualitatively by solution-state NMR, to
benchmark the first separation obtained by CE-CC. The aim of this paper is to separate PNaA chains according

to branching and chain ends and thus to unveil the mechanism of separation occurring during the CE analysis.

Material and Methods
Materials

Water was of MilliQ quality. Boric acid (>98%) was purchased from BHD AnalaR, Merck Pty Limited. The
sodium hydroxide pellets and dimethyl sulfoxide, DMSO, were supplied by Sigma Chemical company. Tert-
butyl acrylate (98%), acrylic acid (99%), acryloyl chloride (97%), triethylamine (>99%), thiophenol (97%),
tetrahydrofuran (THF) (>99%) and 1,4-dioxane (>99%) were purchased from Sigma-Aldrich. Ammonium
acetate (98%) was obtained from Sharlau and the 28% ammonia solution was from Fronine Pty Ltd. Deuterated
1,4-dioxane (99%D) and deuterium oxide, D,O (99.9%D) were supplied by Cambridge Isotope Laboratories,

Inc. and 1,4-dioxane (>99%) was from Sigma-Aldrich. Monams alkoxyamine, BlocBuilder MA alkoxyamine



and SG1 nitroxide were kindly provided by Arkema. The trifunctional alkoxyamine was prepared as described

in reference [44]. The alkoxyamine MAMA-NHOH was prepared as described in references [45, 46].

Inimer alkoxyamine synthesis

MAMA-NHOH alkoxyamine (5.9 g, 13.3 mmol) and triethylamine (1.390 g, 13.7 mmol, 1.03 eq. per OH
function) were dissolved in anhydrous THF (80 mL) and stirred for 10 min in an iced water bath. Acryloyl
chloride (1.805 g, 19.95 mmol, 1.5 eq. per OH function) in solution in 10 mL of anhydrous THF was then added
dropwise into the mixture under argon atmosphere. The mixture was stirred at room temperature for 10 h. The
raw mixture was filtered and the THF evaporated. Water was then added to the residue, followed by two
extractions with diethyl ether. The combined organic phases were washed with HCI (5 wt%), water and
NaHCO; (5 wt%). After drying on magnesium sulfate, filtration and removal of the solvent, the oily product
was dried under vacuum pump to yield the Inimer Alkoxyamine (60%). 'H NMR (ppm, CDCls, 300.13 MHz): ¢
1.08 (s, 9 H); 1.22 (s, 9 H); 1.30 (m, 6H) ; 1.55 (s, 3 H); 1.70 (s, 3 H); 3.35 (d, 1H, YJn.p = 29 Hz); 3.50-4.40 (m,
8 H) ; 5.87 (d, 1H) ; 6.12 (dd, 1H) ; 6.40 (d, 1H) ; 8.36 (s, 1H).3*P NMR (ppm, CDCls, 121.49 MHz): § 27.42
(s). ®C NMR (75.48 MHz, CDCls, 6, ppm): 15.9 (d, Jcp) = 6.8 Hz, POCH,CHs), 16.2 (d, Jcp) = 6.0 Hz,
POCH,CHpg), 23.9 (s, CH3CO), 24.7 (s, CHsCO), 29.4 (d, Jicpy = 6.5 Hz, CHC(CHz3)3), 29.6 (s, (CH3)sCN), 35.9
(d, Jcp = 8.1 Hz, (CH3)s-C-CHP), 49.5 (s, CONH-CH>-), 59.75 (d, Jcp . 8.0 Hz, POCHy), 62.4 (s,
CH,CH,0-), 61.57 (d, Jicpy .6.0 Hz, POCH>), 62.9 (s, N-C(CHs3)3), 70.9 (d, Jicpy = 133.5 Hz, CHP), 85.2 (s,
NO-C(CHs),-), 128.2 (C=C), 130.4 (C=C), 165.6 (C(=0)0) 176.6 (s, (-C(=O)NH).

Polymer synthesis

Poly(sodium acrylate) (PNaA) noted as linear PNaA was bought from Polymer Standard Services (PSS, Mainz,
Germany, lot number paa26027) where it had been obtained by anionic polymerization of poly(tert-butyl
acrylate) and hydrolysis and characterized as having a number-average molar mass, M,, and dispersity, D, of M,
= 39,300 g-mol* and D = 1.03.

The acrylic acid polymerization reactions were carried out in Schlenk tubes using 1,4-dioxane as solvent and
initiated with various alkoxyamines. In a typical recipe, Monams (350 mg, 0.912 mmol), SG1 (0.024 g, 0.0821
mmol, 9 mol % with respect to Monams) and acrylic acid (10.0 g, 0.139 mol, 3.03 mol.L™?) were dissolved in
the solvent (1,4-dioxane, 35 mL). Then, the polymerization solution was transferred into the Schlenk tube and
deoxygenated by argon bubbling for 30 min. The tube was then sealed and heated at 120 °C for 3 h. The tube
was cooled, a sample was withdrawn to determine the conversion by *H NMR [10] and the polymerization
mixture was precipitated into cold diethyl ether. After methylation of the carboxylic acid groups as described in
[10] the various PAA were analyzed by size-exclusion chromatography (SEC) with THF as eluent. The molar
masses are determined using polystyrene calibration and Mark-Houwink-Sakurada parameters, based on
reference [10] for poly(acrylic acid) methylated into poly(methyl acrylate) and reference [47] for poly(t-butyl
acrylate), and their accuracy is potentially affected by incomplete separation (local dispersity significantly above
unity) measured in the case of hydrophobic polyacrylates [18, 20], but never investigated in case of PAA. The

reaction time, conversion, M, and D values of the different samples are given below. Expl: NMP-PAA1
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(Monams/SG1/AA/1,4-dioxane): 3 h, 72 % conv., M;=6,900 g.mol?, D=1.34. Exp2: 3-arm star PAA
(trifunctional alkoxyamine/SG1/AA/dioxane): 3 h, 65 % conv., My=8,500 g.mol, D=1.6. Exp3: NMP-PtBa-1
(Monams/SG1/tBA): 3 h, 65 % conv., My=7500 g.mol*?, D=1.2. Exp4: Hyperbranched polymer (SG1-
Inimer/SG1/AA/dioxane): 3 h, 50 % conv., Mp,=12,300 g.mol*, D=2.2.

The removal of the SG1 nitroxide from the chain end was performed as described in reference [48]. The
hydrolysis of poly(tert-butyl acrylate) was performed as described in reference [49] (5 fold molar excess of

trifluoroacetic acid compared to the ester moieties).

Buffers preparation

A sodium borate buffer stock solution (500 mM, 100 mL) at pH 9.2 was prepared by titrating a 500 mM
aqueous boric acid solution with a 10 M sodium hydroxide aqueous solution. The 110 mM sodium borate
buffer (NB110) was prepared from the respective stock solution by dilution with water. An ammonium acetate
buffer stock solution (500 mM, 100 mL) at pH 9.2 was prepared by titrating a 500 mM aqueous acetic acid
solution with a 28% ammonia solution. The 75 mM ammonium acetate buffer (AA75) was prepared from this
stock solution by dilution with water. Each buffer was filtered with a Millipore PES membrane filter (0.2 pm)
and sonicated for 5 min prior to use (with the exception of AA75). All sonication was conducted using a
YJ5120-1 Ultrasonic Cleaner. Ammonium acetate buffers were stored in the freezer to avoid the evaporation of

ammonia or acetic acid, while borate buffers were stored at room temperature.

Size-Exclusion Chromatography (SEC)

The SEC analyses were performed using an EcoSEC system from Tosoh equipped with a differential
refractometer detector. THF was used as an eluent with 0.25 vol.% toluene as flow marker at a flow rate of
0.3 mL-min™* after filtration on Alltech PTFE membranes with a porosity of 0.2 pm. The column oven was kept
at 40 °C, and the injection volume was 20 pL. One ResiPore pre-column (50 mm length, 4.6 mm diameter) and
two ResiPore columns (250 mm length, 4.9 mm diameter) from Polymer Laboratories were used in series. The
system was calibrated using polystyrene (PS) standards the ranging from 100 to 400,000 g-mol, purchased
from Agilent.

Capillary electrophoresis (CE)

The samples (10 mg) were dissolved in water (1.5 mL) with a small volume of sodium hydroxide (15 uL, 1
mol-LY) or sodium borate (30 pL, 500 mmol-L?) added for complete dissolution and leading thus to
poly(sodium acrylate) (PNaA); dimethyl sulfoxide (DMSO, 10 pL) was also added as electroosmotic flow
marker. The separations were performed with a 7100 CE capillary electrophoresis system (Agilent
Technologies). Capillaries were 50 um ID fused silica capillaries (Polymicro, USA) with a 62 cm total length
and a 53.5 cm effective length. The pretreatment consisted of a 10 min flush with NaOH (1 M), a 5 min flush
with NaOH (0.1 M), a 5 min flush with water and a 5 min with the relevant running buffer. This treatment of the

capillary was done every 5 or 6 injections. The capillary treatment between successive injections consisted of a
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1 min flush with NaOH (1M) and a 5 min flush with the running buffer. The samples were injected
hydrodynamically with an injection pressure of 30 mbar for 10 s, which represents an injection volume of ca 12
nL (0.24 % of the capillary volume, see calculation in the Electronic Supplementary Material, ESM). The
voltage for all injections was 30 kV and the temperature 25 °C. The injections used NB110 buffer unless
specified otherwise. The capillary was validated using an oligoacrylate standard of known electropherogram,
AAA4.[38, 39] The data was acquired using Chemstation A.10.01 software. The results analysis was conducted
with the Origin 8.5.1 software. The electrophoretic mobility was calculated as in [38] and is preferred to

migration time since (i) it is a reproducible quantity, (ii) it characterises the topology of the polymers[50].

NMR spectroscopy

For the quantification of the conversion, quantitative 'H NMR spectra of the polymerisation media were
obtained on a Bruker Avance DPX 300 spectrometer at 300 MHz (*H).[10] Chemical shifts were referenced to
the tetramethylsilane (TMS) signal at 0 ppm.

For the assessment of the branching structure, the hyperbranched PAA was dissolved at 50 mg mL™ in
deuterated 1,4-dioxane. The 3-arm star PNaA was prepared by dissolving the sample at 50 mg mL* in DO with
428 mM NaOH (9.25 molar equivalents to the carboxylic acid groups of PNaA). The linear sample was
dissolved at 150 mg mL? in D,O. All NMR spectra were recorded using a Bruker DRX300 spectrometer
(Bruker Biospin Ltd, Sydney) equipped with a 5 mm dual 1H/13C probe, at Larmor frequencies of 300.13 MHz
for *H and 75 MHz for 13C, at room temperature. *H NMR spectra were recorded with a 30° flip angle, a5 s
repetition delay, and 128 scans. 3C NMR spectra were recorded with inverse-gated decoupling, a 90° flip angle,
a 20 s repetition delay, and 11,264 scans for hyperbranched PAA or 28,672 scans for linear PNaA and 3-arm
star PNaA. These conditions should not be far from yielding quantitative spectra for the purpose of estimating
the degree of branching originating in intra- and intermolecular transfer to polymer.[10] However, the samples
studied have very different branching architectures and are expected to exhibit different relaxation behaviours.
Therefore, it was out of the scope of this work to accurately determine conditions yielding quantitative spectra
for all samples. The *H and *3C chemical shift scales were externally calibrated to the methyl signal of ethanol in
D,0O at 1.17 ppm and 17.47 ppm respectively.[51] All experimental data was acquired and processed using

Bruker Topspin 1.3 software. The letters used for signal assignment are shown on Fig. 1 and Fig. 2a.

Results and Discussion

Different poly(sodium acrylate)s, PNaAs, were separated by capillary electrophoresis in the critical conditions,
CE-CC. These samples include a linear PNaA which is expected to have a linear structure since its precursor
was synthesized by anionic polymerization [7]. The other PNaAs were obtained by nitroxide-mediated
polymerization of acrylic acid controlled by SG1 in dioxane,[52] with a monofunctional initiator or a
trifunctional initiators or an inimer. Branching through a quaternary carbon (see Figure 1d) is expected in all
these polymers (obtained by a radical polymerization process) but the initiators are designed to lead to a 3-arm
star PAA in the case of the trifunctional initiator and a hyperbranched PNaA in the case of the inimer (see Fig.
laand 1c¢).



Confirmation of different branching topologies via NMR spectroscopy

Solution-state *H and *C NMR spectra of linear PNaA were consistent with published spectra of PNaAs (see
Fig. S-1, Table S-1, Table S-2 in ESM and Fig. 2a, respectively). PAA synthesized by Couvreur et al. [10] and
Loiseau et al. [11] showed a 3C NMR chemical shift at 47.4 ppm for PAA and 48.5-50 ppm for PNaA
respectively for the quaternary carbon of a branching point. Since we analyse PNaA, the quaternary carbon
signal is expected around 48.5-50 ppm. There was no branching detected in the 3C NMR spectrum of linear

PNaA despite the high number of scans (28,672), thus confirming its linear structure.

The detection of the expected 'H and ¥C NMR signals from the 3-arm star and hyperbranched polymers
demonstrates that the expected structure was obtained for most molecules in the samples (see respectively Fig.
S-2, Table S-3, Table S-4 in ESM, Fig. 2b and Fig. S-3, Table S-5, Table S-6 in ESM, Fig. 2c¢). Uncontrolled
branching was detected through the quaternary carbon signal in the 3C NMR spectra at 50 ppm (3-arm, star,
signal Cq on Fig. 2b) and 48 ppm (hyperbranched, signal H on Fig. 2c). Residual dioxane from the synthesis was
observed in the *H and 3C NMR spectra of the 3-arm star polymer (Fig. S-2 in ESM and Fig. 2b). Residual
acrylic double bonds from the synthesis was observed in the *H and 3 C NMR spectra (respectively Fig. S-2 in
ESM and Fig. 2b for the 3-arm star and Fig. S-3 in ESM and Fig. 2b for the hyperbranched). In the 3-arm star,
the double bonds could originate in unreacted acrylic acid and/or in macromonomer formed by beta-scission
after transfer to the polymer at moderate temperature [53]. Closer examination of the *H NMR spectrum (Fig. S-
2b in ESM) reveals the exact splitting pattern of unreacted acrylic acid (three doublets of doublets), disproving
the presence of macromonomer in significant proportion in the 3-arm star. In the hyperbranched polymer, the
double bonds could also originate in the unsaturated chain end of the hyperbranched polymer (Fig. 1c). Closer
examination of the *H NMR spectrum (Fig. S-3b in ESM) reveals the exact splitting pattern of the unsaturated
chain end of the hyperbranched polymer or of the unreacted acrylic acid, disproving the presence of
macromonomer from beta-scission in significant proportion. Furthermore, both H and *C NMR spectra
indicate the presence of one of these species only (exact H splitting pattern, single set of three *C NMR
signals), indicating that the double bonds are from the unsaturated chain end of the hyperbranched polymer (Fig.
1c).

Separation according to the topology

Separation according to different branching topologies of PNaA were observed for the first time using CE-CC.
The hyperbranched, 3-arm star and linear PNaAs were separated within 15 minutes (Fig. 3a). This separation is
faster than other separation methods for PAA like SEC and LC-CC.[17, 24, 31] The separation is counter-
electroosmotic flow with a positive electroosmotic flow and a negative electrophoretic mobility (Fig. S-4 in
ESM). Variations of electroosmotic flow are larger than the variations of electrophoretic mobility. In this work,
only electrophoretic mobilities distributions are thus presented from Fig. 3b onward. The electrophoretic
mobility is calculated as shown in Equation (1) of the ESM. The hyperbranched PNaA exhibits the lowest
electrophoretic mobility followed by the 3-arm star and linear PNaA respectively (Fig. 3b). The lowest degree

of polymerization is expected to be the one of the 3-arm star with a degree of polymerization of 118. The



electrophoretic mobility is expected at these degrees of polymerization to slightly decrease with degree of
polymerization [37]. It is in fact to note that the degree of polymerization increase from 3-arm star (118) to
hyperbranched (171) and finally linear PNaA (545). If the degree of polymerization was significantly
influencing the electrophoretic mobilities in this work, these mobilities would be the highest for 3-arm star,
followed closely by hyperbranched PNaA and finally a somehow lower value for the linear. This is not the
observed order of migration and the effect of degree of polymerisation is negligible with these PNaA with
degree of polymerization above 100. The electrophoretic mobility increases as the degree of branching
decreases. The same behaviour was observed in the case of the two components of starch: the hyperbranched
amylopectin has a lower mobility than the slightly (long-chain) branched amylose.[54] The PNaAs are separated
at pH 9.2, ca 3 units of pH above the pKa of their carboxylic acid moieties. The differences in electrophoretic
mobilities with branching can be understood as a decrease of effective charge of the PNaAs with the branching

as demonstrated recently in the case of dendrigraft using isotachophoresis [43].

The variation of the electrophoretic mobility with branching is the key to the separation by branching we
propose in this work. The different samples are not completely separated, partially because the topology (i.e.,
the distribution of degrees of branching or distribution of molar masses of the branches) is not controlled. Thus
the samples are not expected to contain each a unique branched structure, different from that of the other
samples, and that could be fully resolved one from one another. It is however important to show that the
difference of electrophoretic mobilities from sample to sample are significant. A high repeatability of the
electrophoretic mobility taken as the maximum of the electrophoretic mobility distribution, was observed for the
separation of linear (n > 9) and hyperbranched (n > 7) PNaA with a relative standard deviation (RSD) value
lower than 2.41 % and 1.45 % respectively (See Table 1 and Table S-7). The accuracy of the electrophoretic
mobilities of the linear, 3-arm star and hyperbranched PNaA in CE-CC was assessed by reproducing their
separation with a different operator and different capillary. Highly reproducible mobilities were observed with a
RSD value below 1.63 %: 1.63 % for the linear PNaA (n = 23), 1.34 % for the 3-arm star PNaA (n = 17) and
1.15% for the hyperbranched PNaA (n = 19) (Table 1). Although the differences in electrophoretic mobilities
between the different samples are not large, they are significant (the differences in electrophoretic mobilities at
the maximum of the distribution are larger than the standard deviation obtained even in a reproducibility test).
The relatively small differences in electrophoretic mobilities with topology reflect not only the selectivity but
also the intrinsic complexity of these samples including at least 1000s of molecules differing by their molar
mass or their degree of branching or the position of their branching points or the distribution of molar masses of
their branches. It is to be noted that in comparison, round-robin tests on SEC of PAA indicated variations of

several hundred percents of their determined average molar masses.[55]

The electrophoretic mobility of polyelectrolytes changes with the nature of the counter-ion and the electrolyte
they migrate in.[38] Linear, 3-arm star and hyperbranched poly(ammonium acrylate)s were also separated using
ammonium acetate (AA75) as a buffer. While the mobilities values were different, the migration order was the
same (see Table 1 and Fig. S-5 in ESM) confirming the reproducibility and robustness of the separation by
topology of PAA salts using CE-CC.



Homogeneity of the branching topology

The hyperbranched and 3-arm star polymers both exhibit a main electrophoretic mobility distribution that is
discussed in the previous paragraph but also an underlying broader electrophoretic mobility distribution. These
samples are expected to have a controlled branching structure (due to the structure of the initiator), with an
underlying uncontrolled one arising from transfer to polymer. PNaA with branching only arising from transfer
to polymer (monofunctional initiator, namely Monams) [10] have also been injected: either PNaA obtained from
NMP of AA (sample NMP-PAAL) or PNaA obtained from NMP of tert-butyl acrylate and hydrolysis (NMP-
PtBAl). NMP of AA also leads to a bimodal distribution: a relatively narrow electrophoretic mobility
distribution with an underlying broad one. Only the broad electrophoretic mobility distribution is observed with
the PNaA obtained from NMP of tert-butyl acrylate (see Fig. S-6 and the solid line curves on Fig. 4). The broad
distribution is attributed to the broad range of topologies obtained by radical polymerization and involving
transfers to polymer. CE-CC can thus probe the homogeneity of the branching in a polyelectrolyte sample. CE-
CC is expected to be sensitive to low levels of long branches in the sample at levels that NMR may not be

sensitive enough to detect.

Separation of PNaAs according to their chain end

LC-CC separates polymers according to their topology as well as their end groups, including SG1 end
groups,[23] but no separation by end groups has ever been published for PAA or one its salts. Free solution CE
was shown to separate polypeptides according to their end-groups.[56] The separation of PNaAs differing only
by their end groups was also investigated by CE-CC in this work. The end group for NMP-PNAA1 was a SG1
moiety. Some NMP-PAAL was heated in the presence of thiophenol to replace the SG1 end group by a
hydrogen as in [48], yielding NMP-PAA2. The electrophoretic mobility decreased significantly after the end-
group modification (see Fig. 4a and Fig. S-6 in ESM). This is expected since the neutral and bulky SG1 moiety
was adding only to the friction of the PNaA, not to its charge, and it should be replaced simply by a hydrogen
atom. NMP-PAA1 exhibits a bimodal electrophoretic mobility distribution with a relatively narrow distribution
superimposing on a broader distribution. After thiophenol treatment, the broader distribution is shifting by ca
0.1 x 10® m?V1s? while the narrower distribution shift by less than 0.05 x 10® m2.V-1.s, This difference
may be explained either by difference in end-groups between the two populations of by difference in topologies.
The narrower distribution might correspond to PNaA chains bearing one SG1 end-group, while the broader one
might correspond to PNaA chains bearing several SG1 end-groups, possible because of the redistribution of
SG1 end-group due to intermolecular chain transfer to polymer. Another, more likely, explanation is that the
NMP-PAAZ2 is more heterogeneous in terms of topology than NMP-PAAL due to potential hydrogen abstraction
reactions followed by termination by combination of -scission reaction when the PAA is exposed to 120 °C
(the expected reaction is the transfer to thiophenol, but the occurrence of these side reactions is also likely
although their extent is unknown). The side reactions occurring during thiophenol treatment would also explain
the decrease of the relative intensity of the narrower mobility distributions compared to the broad one, indicating
a more heterogeneous material in terms of branching. This study of end-group is particularly relevant since the
SG1 group allows reinitiation of the polymerization needed to create block copolymer and functionalize further

the polymer: the presence of SG1 as end group is characteristic of a living chain,[13] while NMP-PAA2

9



contains only “dead” chains. Considering that NMP-PAA1 chains with electrophoretic mobility above 3.57
m2.V-1.s1 are dead chains (based on NMP-PAA2 mobilites), then NMP-PAAL would contain ca 69 % living

chains.

The thiophenol treatment was also applied to some of the hydrolysed sample NMP-PtBALl. There was no
significant difference in electrophoretic mobility between hydrolysed NMP-PtBAL1 and NMP-PtBA2 (Fig. 4b).
This indicates that the thiophenol treatment does not affect NMP-PtBAL. It is to note that NMP-PtBA1 and
NMP-PtBA2 mobility distributions are broader than the ones observed for NMP-PAAL. The hydrolysis with
TFA leading to PtBAL1 may hydrolyze selectively the tert-butyl groups of the SG1 moieties in this polymer as
expected from previous mass spectrometric analysis [57]. The molar ratio of TFA to SG1 chain ends is 6 to 17
times higher in this work than in the previous mass spectrometric analysis (see Table S-8, ESM). TFA is
however also consumed by tert-butyl group on the acrylate monomer unit (stoichiometry 1:5 for tert-butyl
acrylate monomer unit to TFA). In our work, the SG1 end-group might have degraded during the TFA
hydrolysis into a variety of end-groups, thus leading to broader electrophoretic mobility distributions. These
end-groups are then not thermosensitive and the thiophenol treatment does not significantly modify NMP-

PtBAL1 end-groups or topology.

Conclusions

First time separation of PNaA by topology was obtained using free-solution capillary electrophoresis, with a
separation independent of molar mass corresponding to capillary electrophoresis in the critical conditions, CE-
CC. CE-CC allows a precise (repeatable) determination of the electrophoretic mobility as SEC does for molar
mass, but the accuracy (reproducibility) of the electrophoretic mobility of PNaA is order of magnitudes higher
than the accuracy of the molar masses of PAA determined by current SEC methods. The separation of
poly(acrylic acid) salts with CE-CC was benchmarked once by an assessment of the branching structures by
solution-state NMR. The electrophoretic mobility of PNaA decreases with branching and CE-CC enables to
probe the heterogeneity of the topology of the PNaA chains: the use of a trifunctional initiator or an inimer leads
to a more homogenous branched structure, with still a broad underlying distribution of PNaA chains with
various degrees of branching, branching point locations and distribution of molar masses of branches. CE-CC
also separates PNaAs with different chain ends, with or without the SG1 moiety, which means that CE-CC can
be used to investigate the livingness of NMP (i.e. the ability to synthesize block copolymers or functionalize
PAAs). This separation applies to other branched polyelectrolyte as pioneered by the group of Cottet on
dendrigaft polylysines.[43] The separation by branching using CE-CC may be highly valuable to investigate the
SEC separation. SEC of branched polymers (especially branched hydrophobic polyacrylates) was shown to be
influenced strongly by branching [18]: local dispersities significantly above unity were measured for
poly(methyl acrylate),[19] poly(ethyl acrylate)[7], poly(n-butyl acrylate),[7, 20] poly(2-ethyl hexyl acrylate)
[19, 20]. This however requires use of multiple detector which is relatively tedious and time-consuming.
Coupling SEC to CE-CC [58] may enable estimating the local dispersity with higher throughput and greater
ease than using viscometric and light scattering detection. The CE-CC method will also be extended other
polyelectrolytes presenting a distribution of one molecular attribute: the branching structure, the chain ends, or

the composition.
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Table 1 Average electrophoretic mobilities mep, (108 m2-V-1.s2) of linear, 3-arm star and hyperbranched PNaA

as well as their relative standard deviations (RSD). All measured values are listed in Table S-7 in ESM. A and B

are the two different operators

Linear PNaA 3-Arm star PNaA Hyperbranched PNaA

Mep,A Mep,B Mep,A Mep,B Mep,A Mep,B

Average 3.61 3.58 351 3.53 3.53 3.49
Overall Average 3.59 3.53 3.50

SD 0.09 0.03 n/a 0.05 0.05 0.03
Overall SD 0.06 0.05 0.04

RSD (%) 2.41 0.76 n/a 1.46 1.45 0.79
Overall RSD (%) 1.63 1.34 1.15
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Fig. 1 Chemical structures of (a) 3-arm star PNaA, (b) acrylic acid and (c) hyperbranched PAA with letters used
for the assignment of their 'H NMR and C NMR chemical shifts. Quaternary carbon Cq at the branching point
resulting from transfer to polymer followed by reinitiation (d). The 3-arm star PNaA shows three R groups, each
of which can be either Ry = reacted 3-arm star PNaA or R ;= the unreacted initiator, alcoxtriacrylate. The boxed
region of the hyperbranched PAA actually consists of an equivalent of the whole red region of the molecule,
which in turns contains another boxed repeat unit, actually consisting of an equivalent of the whole red region,

etc., resulting in the hyperbranched structure
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Fig. 4 Electrophoretic mobility distributions of (a) PNaA obtained by nitroxide-mediated polymerization of
acrylic acid initiated by the monofunctional initiator Monams (sample NMP-PAAL, black solid line) followed
by cleavage of the SG1 end-group by treatment with thiophenol (sample NMP-PAA2, red dashed line), as well
as of (b) PNaA obtained by nitroxide mediated polymerization of tert-butyl acrylate initiated by the
monofunctional initiator Monams followed by cleavage of the tBA side group by TFA hydrolysis (sample
NMP-PtBAL, black solid line), followed by the same thiophenol treatment as above (sample NMP-PtBA2, red
dashed line)
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NMR spectroscopy

The hydrogens of the secondary and tertiary carbon for the monomer unit in PNaA were detected at
1.7 and 2.1 ppm, respectively (Figure S-1). The *H in the carboxylic group and residual moisture react with
D0 resulting in a HOD peak at 4.9. The small signal observed at 7.2 ppm could be residual solvent from the
synthesis (by anionic polymerization, which may be toluene). The **C NMR spectrum confirmed the
chemical structure of the linear PNaA with the detection of the CH and CH; groups of the main chain of
PNaA, as well as the carboxylic acid carbon (Figure 1). It confirmed the sample to be the conjugated base of
PAA which is PNaA. The is due to a higher chemical shifts observed in this spectrum in comparison to the
3C NMR spectrum of a nitroxide-mediated polymerised PAA by Couvreur et al..[1] Higher chemical shifts
were observed for PAA as the pD of D,O becomes more alkaline.[2] No signal of quaternary carbon was
detected around 48-50 ppm (Fig. 2a): the weak increase in the baseline at about 50 ppm has a signal-to-noise
ratio of 2.7, which is not significant (after 28,672 scans, noise level measured over 70-60 ppm range).

The *H and *C NMR chemical shift assignments of the linear PAA are listed in Table S-1 and S-2,

respectively. Letters refer to the molecular structure shown on Figure 1.

o ONa

P .
8 7 6 o 4 3 2 1 ppm
Fig S-1 'H NMR spectrum of linear PAA
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Table S-1 Assignment of observed *H NMR chemical shifts for linear PNaA (Fig. S-1)

Signal 6 (ppm) 6 (ppm), Assignment
observed literature|3]
0.8-1.7 1.3-1.8 -CH,- (main chain)
B 2.1 1.9-2.3 -CH- (main chain)

Table S-2 Assignment of observed **C NMR chemical shifts for linear PNaA (Fig. 2a)

Signal | & (ppm) 6 (ppm), 6 (ppm), 6 (ppm), Assignment
observed literature[4] literature[l] literature[3]

A 36-39 35-38 36 35-39 -CH>- (main chain)

B 45-47 44-48 39 45-47 -CH- (main chain)

C 185 - - 185 -COONa (main chain)
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The *H NMR spectrum of the 3-arm star PAA is shown on Figure S-2. The 'H and *C NMR
chemical shift assignments of the 3-arm star PAA are listed in Table S-3 and S-4, respectively. Letters refer

to the molecular structures shown on Figure 1.

(a)
E=— +J
(0]
K-
(31+D+C2
b\
I ] J I . ] )
i 6 5 4
(b)
T v v T T T ’
6.0 5.5 ppm

Fig S-2 'H NMR spectrum of 3-arm star PNaA in D,O with NaOH: (a) full spectrum, (b) zoom into the
residual double bond region showing the splitting pattern
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Table S-3 Assignment of observed *H NMR chemical shifts for 3-arm star PNaA in DO with NaOH
(Fig. S-2). *The chemical shifts shown in this column were estimated with ChemNMR

Signal | o (ppm) o (ppm) o (ppm) o (ppm) Assignment
Litera- Litera- Estim-
ture|5] ture [6] ated™
Ci 6.7 - 6.53 - unreacted sodium acrylate
monomer, CH,=CH-COONga,
cis to COONa
D 5.9-6.0 - 6.15 - unreacted sodium acrylate
monomer, CH,=CH-COONa
C, 5-8-5.9 - 5.95 - unreacted sodium acrylate
monomer, CH,=CH-COON3a,
trans to COONa
X 5.0 4.79 - - HOD
3-arm star , OH-CH,-CH,-
CH,-COR, unreacted
M 3.5-36 i i 41 alkoxtriacrylate initiator,
NaOOC-CH(CH,)-ONR;
E 35 3.75 - - Dioxane
L 3.3-34 - - 3.5 unreacted active site,
alkoxtriacrylate, COOCH»-Cq
M 2.6-2.6 - - 2.6 SG1, R;P-CH-NOR;
N - - 2.0 -CH,-CH-COONa
2.1-2.3
I’ - - 2.3 3-arm star, CH,-CH-COONa
G 1.93 - - 2.4 -CH- (main chain)
H - - 1.8 -CH>- (main chain)
I” 1.4-1.5 - - 1.9 3-arm star or unreacted
alkoxtriacrylate initiator, HO-
CH,-CH2-CH,-OR
I SG1 end group, (CH3)3-C-NOR
J 1.2 - - 1.3 SG1 end group, CH,-CHgs
-CH,-C(CHj3),-COONa
0.9-1.1 - - 0.9 SG1 end group, (CH3z)3-C-CH-
NOR
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Table S-4 Assignment of observed *C NMR chemical shifts for 3-arm star PNaA in D,O with NaOH (Fig. 2b). *The chemical shifts

shown in this column were estimated with ChemNMR

Signal | 6 (ppm), 6 (ppm) 6 (ppm) 6 (ppm) o (ppm) 6 (ppm) 6 (ppm) o (ppm) Assignment
observed Literature Literature Literature Literature Literature Literature Estim-
(1] [7] [3] (4] [5] [6] ated*
A 185 - - - - - 172 173 monomer unit, COONa,
A’ - - - - - - - 185 C4-COONa,
B i i i i i i (reiZtGe d) 3-arm star or unreacted
alkoxtriacrylate initiator, COONa
170 - - - - - - 171
) - - - - _ unreacted
B 172 ( ) sodium acrylate, H;C=CH-COONa
C 135 - - - - - 133 - unreacted sodium acrylate
monomer, CH,=CH-COONa
D 127 - - - - - 128 - unreacted sodium acrylate
monomer, CH,=CH-COONa
E 67 - - - - 67 - - Dioxane
E’ - - - - - - 70 SG; end group, N-C(CHjs)s
F, L 58-63 - - - - - - 62, 59 HO-CH,-CH,-CH,-COR, HO-
CH,-CH,-CH,-COR
Cq 50.4 47.4 - - - - - - NaOOC-C,
G 39 - 45-47 44-48 - - -CH- (main chain)
45-46 42
G’ - - - - - - CONR;-C(CHj3),-CH,
H 37-39 36 - 35-39 35-38 - - - -CH,-, main chain
I - 28 - - - - - SG1 end group, -NOC-CHjs
I’ - - - - - - 32 CH,-CH-COONa
I” 28-30 - - - - - - 31 3-arm star or unreacted
alkoxtriacrylate initiator, HO-CH-
CH,-CH,-OR
J 18 - 17 - - - - 16 SG1 end group, CH,-CH3
J - - - - - - 15 SG1 end group, RON-CH-C(CHs);
M Not - - - - - - SG1, R;P-CH-NOR,
M’ detected - - - - - - 81 unreacted alkoxtriacrylate
initiator, NaOOC-CH(CH,)-ONR;
N Not - - - - - - 50 -CH,-CH-COONa
detected
K Not - - - - - - 25 CH,-C(CHjs3),-COONa
detected
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The *H NMR spectrum of the hyperbranched PAA is shown on Figure S-3. The 'H and **C NMR
chemical shift assignments of the 3-arm star PAA are listed in Table S-5 and S-6, respectively. Letters refer

to the molecular structures shown on Figure 1.

(a) [+
K+K'

N+O L+P
I::I'IED2
G+c'| ¢

7.0 6.5 6.0 ppm

Fig. S-3 "H NMR spectrum of hyperbranched PAA in 1,4-dioxane-ds: (a) full spectrum, (b) zoom into

the residual double bond region showing the splitting pattern
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Table S-5 Assignment of observed "H NMR chemical shifts for the hyperbranched PAA in 1,4-

dioxane-dg (Fig. S-3). *The chemical shifts shown in this column were estimated with ChemNMR

Signal | 6 (ppm), o (ppm) o (ppm) 0 (ppm) Assignment
observed Literature Literature Estimated
[3] [S] *
N 8. - - 11 -COOH
0 ' - - 8.0 R-CONH-R,
D, 6.7 - - 6.3 Inimer with unreacted
vinyl group, CH,=CH-
COOR, trans to COOR
E 6.5-6.6 - - 6.1 Inimer with unreacted
vinyl group, CH,=CH-
COOR
D, 6.2-6.3 - - 5.6 Inimer with unreacted
vinyl group, CH,=CH-
COOR, cis to COOR
G 4.7 - - 4.3 Reacted inimer, CH,-CH-
COOR
, Unreacted inimer, CH,-
G 4.6 CH,-COOR
F 3.8-3.9 - 3.75 - Dioxane
3.6 - - 3.3 (Un)reacted inimer, R1N-
CH»-CH,
I, I’ 2.8 1.9-2.3 - - -CH- (main chain)
K, K’ 2.1-2.3 1.3-1.8 - - -CH>- (main chain)
L - - SG1, -RCON-C(CHj3),
15-1.7 1.3
P - - SG1, RP-O-CH»>-CH4
M Not 0.9 SG1,-CH-C-(CH3)3
detected
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Table S-6 Assignment of observed **C NMR chemical shifts for the hyperbranched PAA in 1,4-dioxane-ds (Fig. 2c). *The chemical shifts shown

in this column were estimated with ChemNMR

Signal o (ppm), o (ppm) o (ppm) o (ppm) o (ppm) o (ppm) Assignment
observed Literature Literature Literature Literature Estimated*
[5] (1] [4] 3]
A 178 - - - - 178 R;-CONR;
A 177 183 main chain, COOH
B 175 174 (reacted) Inimer with reacted vinyl group, CH,-CH-
COOR
Cc 167 - - - - 167 Inimer with unreacted vinyl group,
(unreacted) CH,=CH-COOR, R;-COO-NHC(=0)-R,
D 131 - - - - 131 Inimer with unreacted vinyl group,
CH,=CH-COOR
E 129 - - - - 128 Inimer with unreacted vinyl group,
CH,=CH-COOR
F 67 67.19 - - - - Dioxane
F’ 67 - - - - 70 SG1, -RCON-C(CHa),
G 64 - - - - 64 Reacted inimer, CH,-CH,-COOR
G’ 64 - - - - 67 Unreacted inimer, CH,-CH,-COOR
G” 64 - - - - 62 SG1, RP-O-CH,-CH3
H 48 - 47.4 - - - COOH-C,
LI 42 - 39 44-48 45-47 - -CH- (main chain)
J 40 - - - - 39 (Un)reacted inimer, R;N-CH,-CH,
J 39 Unreacted inimer, CONR;-C(CHz),-CH,
K, K’ 36 - 36 35-38 35-39 - -CH,- (main chain)
K” 35 Reacted inimer, CONR;-C(CHj3),-CH,
L 32 - - - - 26 SG1, -RCON-C(CHa),
L’ - - - - 26 (Un)reacted inimer, -C(CHs),
M - - - - 27 SG1,-CH-C-(CHs)3
Q Not detected 81 SG1, R,P-CH-NOR,
P Not detected 16 SG1, RP-O-CH,-CH3
R Not detected 15 SG1, NOR;-CH-C-(CHj3);
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Capillary electrophoresis

The separations presented in this work are counter-electroosmotic flow (see Fig. S-4).

E

>

oY g 00 O O 9O9O@ 0 0 O o o0 o
Na+ Na* Na* Na* Na* Na* Na* Na* Na* Na* Na* Na* Na+* Na* Na*

Electrophoretic velocity

Electroosmotic velocity ——

|

SAONY
:
CATHODE

Apparent velocity

Nat Na*t Na* Nat Na* Na* Na* Nat Na* Na* Na* Na* Na* Na*
09 9 0 9 9 009 9 o O 009

Fig. S-4 Fused-silica capillary filled with buffer with vectors representing the electroosmotic flow (EOF)
and the electrophoretic mobility in which the electrophoretic velocity combined with the electroosmotic

velocity results in the apparent velocity

The migration time depends on the electrophoretic mobility and the EOF. The EOF is influenced by
numerous factors which can result in variations in migration time. For this reason, the electrophoretic
mobility is a reproducible quantity and is shown in this manuscript rather than migration time for the
separation of PAA salts. More importantly, the electrophoretic mobility, mep, represents the intrinsic velocity
of the PAA salts along the capillary whilst also correcting for the EOF:[8]

- (- 2) s

M teo

where [ is the distance from the capillary inlet to the capillary detection window in cm (0.535 m), L is the
total capillary length (0.620 m), 7 is the electric field applied to the capillary (30,000 V), t and ¢, are the
migration times of the PAA samples and of the neutral species, respectively. The unit of the electrophoretic

mobility is m*.V?t.s™.
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The Poiseuille equation was used to determine the injection volume (V):

APD*m
1287L

(S-2)

t =

where, D is the internal diameter of the capillary, # is the viscosity, L is the total length of the capillary, and
AP is the difference in the change of pressure in the capillary, taken respectively as 50 um, 10 Pa.S (1 cP),

0.62 m and 30 mbar .
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Table S-7 Electrophoretic mobilities (10 m*V1.s) of linear, 3-arm star and hyperbranched PNaA as

well as their relative standard deviations (RSD). PNaA samples were prepared and injected under the

conditions stated in the Materials and Methods section unless specified otherwise. Some PNaA samples were

injected with half the concentration of the sample (blue) or half the injection time (red). The hyperbranched

PNaAs were dissolved in three different ways: dissolved in 1.5 mL water (green) or with an additional 15 pL
of 1 M NaOH (black) or 30 pL of 0.5 M Na,B,;0,.10H,0 (orange). A and B are the two different operators.

Linear PNaA 3-arm star PNaA Hyperbranched PNaA
Date Mep,a Mep,B Date Mep,A Mep,B Date Mep,A Mep,B
01/03 3.60 05/03 3.52 05/03 3.50
01/03 3.61 05/03 3.52 05/03 3.50
05/03 3.58 28/05 3.49 13/03 3.59
05/03 3.54 24/07 3.54 13/03 3.59
13/03 3.58 24/07 3.55 13/03 3.52
13/03 3.54 25/07 3.58 13/03 3.52
11/04 3.75 25/07 3.59 28/05 3.45
11/04 3.75 27/07 3.58 24/07 3.48
28/05 3.51 27/07 3.58 24/07 3.48
24/07 3.54 27/07 3.58 25/07 3.51
24/07 3.55 27/07 3.59 25/07 3.52
25/07 3.56 07/08 3.49 27/07 3.53
25/07 3.57 07/08 3.50 27/07 3.53
27/07 3.57 07/08 3.47 07/08 3.45
27/07 3.59 07/08 3.47 07/08 3.46
27/07 3.62 07/08 3.47 07/08 3.47
27/07 3.63 07/08 3.48 07/08 3.47
07/08 3.55 07/08 3.49
07/08 3.56 07/08 3.50
07/08 3.57
07/08 3.59
07/08 3.57
07/08 3.60
Average 3.61 3.58 3.51 3.53 3.53 3.49
Overall Average 3.59 3.53 3.50
SD 0.09 0.03 n/a 0.05 0.05 0.03
Overall SD 0.06 0.05 0.04
RSD % 241 0.76 n/a 1.46 1.45 0.79
Overall RSD% 1.63 1.34 1.15

S-12



The separations presented in Figure 5 in sodium borate were reproduced in ammonium acetate (Fig. S-5). It

is to be noted that ammonium acetate injections have a significantly lower throughput than the borate one

(technical issues requiring reinjection, such as current leak, were common with ammonium acetate while

barely occurring with borate buffer).

|
€100 1 |
c ) |
g — |
2 — 2 !
: ! !
3 \ i
§50— :I |
o ! i
W] X
TN N | ST
0 A . SEM
0 1 2 3 4

Electrophoretic mobility (10° m*.V"s™)

Fig. S-5 Separation of PNaA according to their branching topologies: linear (blue dotted line), 3-arm star

(red dashed line) and hyperbranched (black solid line) PNaA in AA75
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Fig. S-6 Electropherogram of a) NMP-PAAL1 (light blue dashed-dotted line) and NMP-PAA2 (purple dashed-
dotted line), as well as of b) NMP-PtBAL1 (light blue dashed-dotted line) and NMP-PtBA2 (purple dashed-
dotted line). In both cases, the hyperbranched (black solid line), 3-arm star (red dashed line) and the linear

(blue dotted line) PNaA are shown as well
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In their mass spectrometry analysis, Barrere et al. degrade selectively the zert-butyl part of the SG1 end-

groups of poly(ethylene oxide) (PEO), polystyrene (PS) and poly(n-butyl acrylate) (PnBA).[9] They use

10.01 mg-mL™ of silver trifluoroacetate, corresponding to 3.93.10° mol-L™ of trifluoroacetate (TFA). The

ratio TFA to SG1 end-groups used in [9] and in our work are compared in Table S-8.

Table S-8 Comparison of conditions used to degrade polymer SG1 end-groups in [9] and in this work.

Taken from [9] Calculated from [9] This work Compa
rison
Polym Polymer M, Polymer TFA per Mp TFA per TFA per . TFAin
er concentration  poly chains polymer PtBA tert-butyl polymer our
(mg/mL) mer : concentration chains, groups chains, work to
(10° mol/L) mol/mol mol/mol [9]1
mol/mol
PEO 4 2000 2.00 50.9 7500 5 293 5.8
PEO 4 5000 0.80 20.4 14.4
PS 4 2300 1.74 44.2 6.6
PnBA 4 6000 0.67 17.2 17.3
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