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Abstract: A series of polystyrenes (10-30k) end-functionalized with perfluoroalkyl (RF = C7Fis,
CioF21 and Ci3F27) groups were synthesized by atom transfer radical polymerization (ATRP) of
styrene initiated by RF functionalized initiators and studied using optical transmission, differential
scanning calorimetry and thermogravimetric analysis. Large decreases (40-50%) in optical
transmission of the Ci3F2; end functionalized PS were observed compared with the non-
functionalized isobaric PS consistent with the formation of large RF domains. This association
increases with RF concentration and length with the latter being especially significant. A melting
endotherm attributed to semi-crystalline perfluorocarbon domains was seen only for a low MW(10k)
C13F27 end functionalized sample. Interestingly, compared with the matching PS, the glass transition
temperatures of the RF-PS polymers were found to decrease by as much as 15 °C and with the RF
lengths having the larger effects.
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Low molecular weight (MW) perfluorocarbons (RFs) show weak intermolecular interactions
compared with hydrocarbons of comparable chain lengths as expressed in much lower cohesive
energy densities (0~ 12 vs 15 MPal/2) [1]. Accordingly, RFs have both pronounced hydrophobic
(121, [31, [4], [5], [6], [7], [8], [9], [10], [11]] as well as lipophobic properties [[4], [5], [6], [7], [8],
[9], [10], [11], [12], [13], [14]]. Interestingly, compared to hydrocarbons, the melting points (mp's)
of perfluorocarbons with eight or more carbons increase much faster with chain length [15]. For
instance, while the melting points (mp's) of octane and perfluorooctane are nearly the same, the mp's
of perfluorododecane and perfluorotridecane are reported to be 81 and 107 °C higher than the
corresponding hydrocarbons [15]. This suggests the occurrence of much stronger intermolecular
interactions for longer RFs relative to hydrocarbons. Of course that includes high MW (105-106 D)
polytetrafluoroethylenes (PTFE's) that have very high mp's (~500-621 K). This polymer has been
shown to exist in four different helical crystalline states depending on temperature and pressure
[16,17].

Semi-fluorinated polymers are of more recent origin and have unique properties that differ
from the corresponding hydrogen or fluorocarbon polymer analogs. They have gained attention in
antifouling, super-hydrophobic and self-cleaning coatings [[18], [19], [20], [21], [22], [23], [24],
[25], [26], [27], [28]]. Other applications include microelectronics due to their dielectric properties
[26,29], their tendency toward self-assembly [30], hydrophobic and lipophobic properties and low
surface free energies [[31], [32], [33], [34]] some of which are of potential interest as organic

semiconductors [28,29] and photoresponsive materials [28,35,36].
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In agreement with the above, polymers containing RF or partially fluorinated pendent or end
groups have been shown to exhibit mesogenic properties [[37], [38], [39], [40], [41], [42], [43], [44],
[45], [46], [47], [48], [49], [50], [51], [52], [53], [54], [55]]. The effects of fluorophilic association
of pendent RF groups on the rheological properties of aqueous polymer solutions [[9], [10], [11]],
hydrogels [56,57] and non-aqueous polymer solutions [11] have been demonstrated.

The formation of homogeneous (1/1 w/w) blends of RF (CsFi5, CioF21, Ci3F27) end-
functionalized polystyrene (PS) and polybutylmethacrylates (PBMA) with molecular weights
(MWs) in the order of 7-30k has been demonstrated recently indicating a powerful compatibilization
effect especially of the longer RF end groups (CsF17 or longer) [[58], [59], [60], [61]]. The degree
of compatibilization i.e. the sizes of the PS and PBMA domains determined by TEM, DSC and other
methods was postulated to correlate with the degree of RF end group association and strongly
decreased with increasing RF size with RF end-placement being especially effective [[58], [59],
[60], [61]]. For instance TEM, AFM, DSC and other methods indicated that the perfluorotridecyl
(PFTD) was particularly effective in mediating RF-PS/RF-PBMA compatibilities. Thus, at a MW
of ~15k, TEM showed that the domains sizes of the PFTD end-functionalized PS and the
corresponding PBMA are much smaller (~1-3 nm) compared to that seen for the shorter RF end
groups (=10 nm) [59]. Furthermore, as indicated above, the compatibilization effects of RF end
groups was far greater than the corresponding pendent groups at the same RF mass fraction and
polymer MW [60,61].

The potential of perfluorocarbon (RF) end groups to influence the bulk properties of single
polymers should be of interest given the above. For instance we have found that for Ci3F27 end-

functionalized 15k PS the storage moduli between 10 and 100 Hz were increased nearly two-fold
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while the loss moduli increased more than four fold [62,63]. Given the small content of RF of these
end-functionalized PS these surprisingly robust effects (SI Table 1) indicate the formation of the RF
domains the nature and size of which, thus far, is unknown.

Here we report the optical transmission (OT), differential scanning calorimetry (DSC) and
thermal gravimetric analysis (TGA) of C7F1s, CioF23 and Ci3F27 end-functionalized polystyrenes
(PS) with MW's between 10 and 30k that show evidence for formation of RF aggregates that are
dependent on both RF concentration and —lengths especially for the longest PFTD end functionalized
PS. Similar but much less pronounced aggregation is seen for the shorter Ci0F21 and C7F15 end groups
having approximately the same RF weight fractions with the C;Fis groups giving the smallest
domains.

Interestingly, DSC data of the PFTD end-functionalized PS indicate sizable decreases in Tg
(as high as 15 °C) compared to the isobaric PS with similar but smaller decreases seen of the smaller
RF end groups. This surprising and unprecedented finding hints at a high PS mobility mediated by

the PS chain end segments being connected to RF aggregates.

2. METHODS AND MEASUREMENTS

Synthesis. The RF end functionalized polystyrenes were synthesized by atom transfer radical
polymerization (ATRP) using RF-functionalized initiators synthesized via esterification of 1,1-
dihydroperfluoroalcohols (CnF2n+1CH20OH) with 2-bromoisobutyryl bromide (Scheme 1) [[59], [60],
[61], [62], [63]]. A mixture of 20% v/v hexafluorobenzene/toluene (20/80 v/v) was used in some
cases to dissolve the longer perfluoroalcohols [63]. Polymerizations were done in the presence of
CuBr/N,N,N"-pentamethyldiethylene-triamine (PMDTA) and [Initiator]:[CuBr]:[Ligand] ratios of

1:1:2at 90 °C [[59], [60], [61]]. Polydispersities (PDIs) were kept low using limited monomer
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conversions (~40%). The polymer solutions were passed through a silica column to remove CuBr.
After concentrating the solutions the polymers were precipitated as white solids in methanol and
dried at 60 °C under vacuum for 1 day. The samples are designated as PS followed by RF carbon
numbers preceded by “C” followed by PS MW in kilo Daltons (Table 1). Hence PSC7-10K indicates

a PS MW of around 10k having a C7Fi5 end group.

Br
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Scheme 1. Synthesis of perfluorooctyl (PFO), perfluorodecyl (PFD) and perfluorotridecyl (PFTD) initiator
from their 1, 1-dihydroperfluoroalcohols and their use in the ATRP polymerization of PFO, PFD and PFTD

end funtionalized polystyrenes.

Table 1. Synthesis, characterization and optical transmission of PS-RF.

Samples M, x 10%. D" RE or Samples M, x 10° D*P RF oT

wt % %" wt % %
PS-10k 9.30 1.07 - 95 PSC10-10k 8.40 1.13 5.81 ~87
PS-15k 13.1 1.06 - 95 PSC10-15k 11.3 1.06 439 -
PS-30k 28.3 1.06 - 95 PSC10-30k 265 1.15 1.92 92-93
PSC7-10k 8.40 1.15 419 ~92 PSC13-10k 9.10 1.09 6.84 50-55
PSC7-15k 13.1 1.11 2.74 PSC13-15k 13.1 1.10 4.86 -
PSC7-30k 28.4 1.08 1.28 ~91 PSC13-30k 28.3 1.30 231 71-88

2 MWs determined by SEC using commercial polystyrene standards.
® D = My/Mp.
€ Within about two percent.

OT measurements. Samples for optical transmission studies were prepared by drop casting
of 60 mg/ml of filtered (<0.5 mp) toluene solutions on a micro cover glass followed by drying in a
dust free conditions annealing at 120° C for 24 h followed by slow cooling over about 12 h. The
thickness of the resulting films was about 5 pm.

Differential calorimetry. DSC measurements were conducted with a Differential Scanning

Calorimeter (TA Instruments Q2000). Samples for thermal studies were about 10 mg in a sealed
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alumina pan and were measured under N2 flow. The sample was heated to 120 °C at a rate of
10 °C/min then cooled to 30°C following by reheating to 180°C. at a rate of 5°C/min.
Measurements were collected for the second run.

Thermogravimetric analyses were performed on a Shimadzu TGA-50 instrument with
samples being ground into fine powders. The polymers were heated to 120 °C and were held
isothermally at 120 °C for 30 min before gathering data. The TGA thermograms were measured

between 25 °C and 600 °C in air at a heating rate of 5 °C/min.

3. RESULTS

Synthesis. As discussed above, a number of RF- end-functionalized PS samples were
synthesized using ATRP methods used previously [59,60]. The polydispersities (PDIs) were kept
low by using high monomer concentrations and limited (~40%) monomer conversions. The samples
are labeled giving both RF end group carbon numbers preceded by “C” followed by the PS MW in
kilo Daltons (Table 1). Hence, PSC7-10K indicates a PS MW of around 10k having a C7F;s5 end
group connected to the PS chain through a single methylene group (Scheme 1).

Optical Transmission (OT) measurements. Given the low refractive indices differences (RIs)
of low MW perfluorocarbons [15] (n= 1.30) relative to polystyrene (n=1.59) [1] this indicates the
potential to use optical transmission for a qualitative evaluation of the size of RF-rich domains
relative to optical wave lengths [60]. The optical transmissions (OTs) of the RF-PS samples and the
matching PS homopolymers were carried out and are summarized in Table 1 and Fig. 1, Fig. 2, Fig.
3. The OT measurements provide merely qualitative evidence that may reflect multiple refraction
associated with the formation of RF-rich micelles or similar structures [59,64]. The data in Fig. 1

show the effects of both changes in OT with wave length of PSC7-10k, PSC10-10k, PSC13-10k and
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the matching PS-10k homopolymer. Several observations are of interest. First, as shown in Fig. 1,
Fig. 2, PS-10k and PS-30k are identical and nearly optically clear (OTs ~96 +2%) over the 350—

800 nm mostly by slight Rayleigh scattering due to density fluctuations and other factors (see below)

[64,65].

=
=3
o

el
(=]

Na -
N ==

o N ®
o © o
L L

Transmittance (%)
—_ N W S wvl
[— I — T — I — I )

P

(=]

350 450 550 650 750
Wavelength (nm)

Fig. 1. UV=Visible optical transmittance versus wavelength of the PS-10k (blue), PSC7-10k (red), PSCI10-
10k (purple) and PSC13-10k (green) polymer films. Spectral “wiggles” at about 350, 480, 625 and 650 nm
are instrument related. (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)
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Fig. 2. UV=Visible Transmittance versus wavelength of PSC10-10K and PSCI10-30K polymer films on
micro cover glass. Spectral “wiggles” at about, 625 and 650 nm are instrument related.
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Fig. 3. UV=Visible Transmittance versus wavelength of PSC13-10K (green), PSC13-30K (red) and PS-30K
(blue). Spectral “wiggles” at about 350, 480, 625 and 650 nm are instrument related. (For interpretation of
the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Second, small, OT decreases are seen for PSC7-10k, and PSC10-10k (OTs of 93% and 88%
respectively) compared to the matching PS 10k homopolymer that are nearly wave length
independent from 400 to 800 nm plausibly due to multiple refraction due to micellar aggregation of
the PS-RF end groups (below) [59].

The somewhat stronger aggregation of the CioF21 end groups is also suggested for the OT
data of PSCI10-10k and PSC10-30K (Fig. 2) (92-95% respectively) consistent with a RF
concentration driven aggregation given the concentration difference between PSC10-30k (2.0 wt %
RF) and PSC10-10k sample (6.2 wt % RF) (Table 3).

In contrast, the PSC13-10k films have a white reflective appearance and show much lower
OTs in the order of 0.50—0.58 (Fig. 1). This appears to indicate the presence of much larger RF rich
aggregates involving domains that are large on the optical wave length scale [58,59] This is
consistent with multiple refractive scattering due to the low refractive indices of perfluorocarbons
and hence perfluoroalkyl groups associated into domains/micelles [15]. This effect is much more
pronounced for PSC13-10k than the PSC13-30k samples the latter showing wavelength dependence

with a clear increase in OT (70 to nearly 90%) as wave lengths increase from 400 to 700 nm,
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consistent with the presence of nm sized domains formed by an RF concentration driven association
[59,62]. (Fig. 3). In contrast the OTs of the PSC13-10k is opaque at all wave lengths with an OT
values of about 50-55%.

Given the above, the effect of the Ci3F27 end groups is especially dominant. For instance, in
PSC13-30k the calculated RF content (2.4 wt %) is lower than that of PSC7-10k (4.4 wt %) or
PSC10-10k (6.2 wt%) both of which show much higher OT values below 650 nm. This appears to
be consistent with an especially strong aggregation of the large Ci3F27 end groups that was also seen
for the compatibilization of RF- end functionalized PS and polybutylmethacrylates (PBMA) [[55],
[56], [57], [58], [59], [60], [61], [62]]. In this case the compatibilization effects of the Ci3F27 end
groups were far greater than seen for the Ci0oF21 and C7F15 end groups.

Data consistent with the present RF-PS polymers were seen by nano-indentation
measurements of very similar RF-PS polymers showing dramatic increases in storage (E’) and
especially loss (E”) moduli for PS13-15k (E" =1.46 GPa) compared to PSC13-30k (E"=0.38 GPa)
[62]. In spite of these strong correlations the nature of the RF micellar structures is unclear (see
below). Given the above, both RF length and -concentration are important but the effects are
especially strong (ATg=11 °C) for the largest RF groups even at the highest PS MW (Table 2).
Furthermore, given the qualitative nature of the OT data the shape size of the RF micelles are

uncertain and would require more detailed studies (see Discussion).

Table 2. Glass transition temperatures of RF End Functionalized Polystyrenes and the corresponding PS
homopolymers.
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Samples RF  T,° AT, (°C) Samples RF  T,”(°C) AT,
(wt%)  (°0) (Wt%) (0C)
PS-10k — 913 — PSC10-15k 4.1 93.8 4.2
PSC7-10k 4.4 874 39 PSC13-15k 5.1 90.0 9.0
PSC10-10k 6.2 843 7.0 PS-30k — 102 —
PSC13-10k! 7.4 76.2 15.1 PSC7-30k 1.3 99.0 3.0
PS-15k 99.0 PSC10-30k 2.0 98.3 3.7
PSC7-15k 2.8 980 1.0 PSC13-30k 2.4 90.6 114

4 Calculated values based on Mn.

b Average of the “onset” and “end” of the glass transition process as indicated as
deviation and resumption from linearity.

¢ Decreases in Tg.

4 Melting point is seen at 130—135" C (Fig. 4).

Differential Scanning Calorimetry. The thermal properties of perfluorocarbon (RF) end-
functionalized polymers in the context of the above OT and other data on these new RF-PS type
polymers could be interesting for several reasons. First, the effect of RF length and content on the
glass transitions (Tg's) of the RF-end functionalized PS in the bulk is expected to be significant in
that chain end RF groups are known to associate to varying degrees in virtually all media other than
fluorocarbon solvents consistent with the above OT and other studies [[3], [4], [5], [6], [7],11,42,43].
Similarly, the OT data especially of PSC13-10k have indicated the presence of very large RF
domains exceeding visible wave lengths.

Such associations should affect the segmental motions of the PS chain segments adjacent to
the RF end groups. This may be expected to affect glass transition temperatures (Tgs) especially for
the smaller polymers (PSC13-10k) where the RF concentrations are highest and end group effects
should be pronounced. Hence the differential scanning calorimetry is of special interest. As shown
in Fig. 4 and Table 2, the presence of all RF end groups, surprisingly, give decreases in Tg values.
Moreover the magnitude of the decreases increases with RF length for each MW (Table 2). For
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instance PSC7-10k, PSC10-10k and PSC13-10k show ATg values of 3.9, 7.0 and 15.1°C

respectively (Table 2). This is also for PSC13-15k, and PSC13-30k as illustrated in Fig. 4.
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Fig. 4. DSC thermograms of PSC13 polymers with varying molecular weights. PSC13-10k (Blue), PSC1 3-
15k (Green), PSC13-30k (Pink). Measurements were taken at second runs and the samples were heated
under nitrogen to 180 °C at a rate of 5 °C/min. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

Decreases in Tg with increased RF content are also seen. For instance the Tg values for
PSC10-10k, PSC10-15k and PSC10-30k having the same C10F21 end group with RF concentrations
of 6.2, 4.1 and 2.0 wt % give ATg values of 7.0, 4.2 and 3.7 °C respectively (Table 2). The effects
tend to be greater for longer RF end groups at the same RF weight fractions. Overall the RF end
group effects are qualitatively similar to changes in OT but in this case the smaller RF groups appear
to still show relatively significant effects.

Of special additional interest is the presence of a clear endotherm for PSC13-10k at 130-
135 °C as shown in Fig. 4. The clear endotherm may be consistent with the presence of crystalline
or semi-crystalline domains [[37], [38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], [49],
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[50], [51], [52], [53], [54], [55]]- Such domains may be expected given the relatively high melting
point of C13F28 (100 °C) [15]. Hints of perhaps similar features are seen for PSC13-15k, PSC13-
30k and PSC10-10k but none are pronounced.

Thermogravimetric analysis. The thermal degradation of PS has been studied extensively
[[65], [66], [67], [68]]. It has been shown that end chain functionalization can have a substantial
effect on the thermal polymer stability. Like the polymerization, the radical mediated thermal
degradation of polystyrene involves initiation, propagation, chain transfer and termination steps that
involve (a) random (b) chain chain-end scission, (c¢) back-biting, and (d) disproportionation [68]. A
somewhat similar mechanism for RF-end-functionalized PS may occur except that the presence of
the RF chain end could affect the decomposition. Accordingly TGA measurements were carried out
on the shortest (C7F15) and longest (Ci3F27) end-functionalized PS. The thermal degradation of PS-
10K (Fig. 5) starts at about 280 °C but the PSC7-10K and PSC10-10K showed slower degradation
consistent with end group initiated decomposition. This does not seem surprising given the low
MW:'s. This behavior is also seen for samples PS-15k, PSC7-15k and PSC13-15k with the later two

showing almost identical behavior (Fig. SI 2).
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Fig. 5. TGA curves of PS 10K (red), PSC7 10K (blue) and PSC13 10K (purple). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

In contrast to the DSC and OT data, the effects of RF lengths were found to be almost
negligible for PSC7 10K and PSC13 10K (Fig. 5). The results for samples PSC7-15K and PSC10-
15K are even closer (Fig. SI 2) confirming that RF size does not play a significant role in the

decomposition.

4. DISCUSSION

OT effects. The above has shown two major effects of the RF length and concentration on
association on the OT, and DSC data. The first is the much stronger OT effects of the PSC13
polymers plausibly through multiple light refraction mediated by large RF-rich domains suspended
in the PS matrix. A similar RF length effect was also seen case for the analogous RF-P/RF-PBMA
blends where the blending effectiveness of the Ci3F27 end groups was found to be much greater than
the smaller RF groups [[58], [59], [60]]. Given the large differences in cohesive energy densities and
refractive indices of 1.59 and ~1.3 of PS and fluorocarbons respectively, the occurrence of multiple
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refractive scattering of visible light is not surprising. Thus at the lowest polymer MW (PSC13-10K)
and hence highest Ci3F27 concentrations the RF or RF- rich domains are plausibly large compared
with the optical wave lengths resulting in multiple refractive scattering and hence little wavelength
dependence (Fig. 3). At lower RF group concentrations (PSC13-30k), the RF domains appear to be
smaller on the 400—-800 nm length scale consistent with its stronger OT wavelength dependence (Fig.
3). This strong dependence of Ci3F27 concentration on domain size is consistent with aggregation of
a large number for RF groups to associate into micellar structures (Scheme 2). These scheme shows
associated RF groups with attached PS chains being subject to excluded volume restrictions.

Although the details of these structures are unclear, elongated micelles are expected.

Scheme 2. Proposed association of PFTD end-functionalized PS (Low MW 10K-15K) in bulk.

Given the high density of the RF groups (1.7-1.9 g/mL, Ref.15), volume fractions of the RF
groups only amount about to 0.8-3.6% thus making the ordering in well defined supra-molecular
structures less likely. Furthermore, with the exception of one polymer (PSC13-10-k) the DSC
analysis, with one exception (PSC13-10k) did not show the presence of endotherms associated with

crystalline domains. Even in that case the endotherm was small and broad (Fig. 4). As the RF
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domains are separated by what appear to be large (10-30k) amorphous PS domains the use of wide
angle X ray scattering is not likely to produce useful results.

The association of the RF groups depends in turn on (a) the cohesive energy densities

differences between RF-rich and PS-domains and (b) their refractive index differences
[1,4,6,15,[59], [60], [61], [62]]. The enthalpy (AHm) of mixing polystyrene with RF groups may be
estimated to a first approximation by the heat of mixing (AHm) of the simple PS-RF binary mixtures.
This would lead to [1].
AHm = V.(A1 =A2)? 91.¢2 (1) Ai = (AEVi/Vi)!? ()
where V and ¢; are the total volume and volume fractions of the PS and the RF component and A;
and A, are the cohesive energy densities and AEY; are the corresponding energy changes on
isothermal vaporization.

Hence the formation of the RF and PS phases would be expected to be enthalpy favored
although from eqn-1 the AHm would be expect to be small based on the values of A; and A; (18 +£0.5
MPa'? and (A> =12+ 0.7 MPa'?) respectively and the low volume fractions (0.8-3.6%) of the RF
groups. It is clear that this does not account for the unusually strong effects of RF length. However
the entropies of RF domain formation should be favored for the longer RF groups. For instance,
given micelle formation and at given values of @2, the number partially immobilized number of PS
chains as a result of RF domain formation would be smaller for longer RF chains.

DSC effects. Second, sizable decreases of Tg were seen for all RF end groups especially for
the longest and highest concentrations of RF end groups. To the best of our knowledge such effects
have not been observed thus far. As noted above the decreases in Tg are especially large for the

PSC13 polymers with smaller effects being seen at higher RF concentrations (Table 2). The
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decreases in Tg suggest rapid motions of the RF chains that increase with RF length that my be
conceivably entropy driven (positive AS). The extraordinary conformational mobility of
perfluorocarbons in the form of rapid helix (ps time scale) reversals has been noted for some
crystalline forms of polytetrafluoroethylene (PTFE) at ambient temperatures [16]. For the much
lower MWs of the RF end groups the corresponding smaller topological restraints for the present
PS-RF polymers should allow similar helix reversal based motions that may increase the mobility
of the of the adjacent PS chain segments even at higher PS MWs. This would be especially true for
the longer RF groups for which such helical structures should be more accessible. This is consistent
with what we see for the unusual decreases in Tg with increased RF content and, especially, length.
These unusual RF effects on PS segmental mobility are consistent with nano-indentation studies (see
below).

Nano-indentation measurements. These have shown that, compared to the isobaric PS, the
elastic- and loss moduli of the PSC13-15k were increased about 2 and 4- fold respectively (Table 3)
[62]. Smaller but still significant increases in E' (40%) and E" (56%) were seen for PSC10-10K
compared with the isobaric and un-functionalized polymer (Table 3). Such increases in both E’ and
E" appear to be related to the formation of organized structures in the form of perhaps semicrystalline
domains. However this behavior does not preclude the occurrence of very rapid motions of the longer

RF chains [16].
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Table 3. Mechanical properties RF end-functionalized PS obtained by nano-indentation. “

Polymer MP Mw/Mn”  RF content (%wt)" E' (GPa) E” (GPa)‘
PS-10K 93 1.07 — 4.8 0.39
PS-C10-10K 84 1.13 6.2 6.7 0.61
PS-15K 13.8 1.05 — 4.8 042
PS-C13-15K 13.1 1.10 5.1 8.9 1.46
PS-30K 28.3 1.06 — 5.1 042
PS-C13-30K 28.3 1.30 2.4 5.2 0.38

4 Data from reference 62.

Determined by SEC using polystyrene standards.
Calculated using number average MW.
Grand averages assumed to be frequency independent between 10-100 Hz.

lwp

c
d

The increases noted for in both moduli for PSC13-10k and for PSC13-15k are interesting
given the decreases in Tg seen for these polymers (Table 2) with much smaller effects being seen
for the C7;Fi5 end groups. As inferred from the DSC data this may consistent with what the
association of the perfluorotridecyl groups into what appear to be semicrystalline micellar domains
at least for the case of PSC13-10k. Interestingly the moduli for PSC13-30k were not changed
indicating that the presence of RF-micelles does not appear to correlate with mechanical properties
at ambient temperatures for the higher MW PS-RF polymers. However rheological studies
determined on PSC13-30k do show significant RF effects at higher temperatures [63]. This hints at
the importance of the motions of the RF and PS chain segments occurring at very different time

scales.

S. CONCLUSIONS

The optical transmission and differential scanning calorimetry of C7F1s, CioF21 and Ci3F27
end functionalized polystyrenes indicates a fluorophilic association into what appear to be RF

micellar domains. This association is far more pronounced for the longest end groups with much
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weaker effects seen for the smaller C7F15 and CioF21 groups. All groups show decreases in Tg of the
PS with RF lengths and higher RF concentrations with length effects being more the more important
with largest Tg decreases (up to 15 °C) seen for the Ci3F27 groups in PSC13-10k. For the polymer
only, the presence of a small endotherm around 130 °C suggests the presence of RF (semi)-
crystalline domains. The associative properties of the RF groups are enthalpy and plausibly entropy
driven. The data are fully consistent in part with earlier nano-indentation results on these polymers.
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Figure-SI-1. DSC thermograms of PSC7-10K(green), PSC10-10K (red), PSC13-10K (purple).
Measurements were taken at second runs and the samples were heated under nitrogen to 180 °C at a rate of
5 °C/min..
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Figure SI-2. TGA curves of PS-15K , PSC7-15K and PSC13-15K.
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