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Photochemical synthesis of pyrene perfluoroalkyl
derivatives and their embeddingin a
polymethylmethacrylate matrix.

A spectroscopic and structural study.

I. Pibiri,»®* S. Buscemf A. Palumbo Piccionell8® M. L. Saladind* D. Chillura
Martino®® and E. Caponetti®

ABSTRACT: A photochemical, alternative and eco-compatible rapph to perfluoroalkyl
derivatives of pyrene is presented. The perfludeglathain is regiospecifically introduced at
the 1 position of pyrene. The synthesized produtitave been embedded in a
polymethylmethacrylate matrix by photocuring at B66 Both the photochemical reactions
can be considered a “green tool” for the synthetiemist in order to obtain materials with
perspective optoelectronic applications. The sailgtd composites have been the object of a
study by UV and Fluorescence Spectroscopy in otal@xplore their luminescence properties.
The Small Angle X-ray Scattering and the Transnoisdtlectron Microscopy techniques were
used to investigate the microstructure. A correlatbetween the optical and the structural

properties is herein presented.

I ntroduction Organic Photovoltaic (OPV) such as bulk heterojiomctand
Replacing inorganic semiconductors with organicariats is a dye sensitized solar cefls:’
strategy worth to consider in order to decreaseufeaturing The development of new synthetic routes to sulistitypyrene
costs and allow production of lightweight and plasubstrates will allow and promote the expansion of pyrene dsudding
devices. block for organic electronics.
The physical-chemical properties of organic matersauch as In this context, many attempts to modify the molacu
energy gap, solubility, electron affinity and aiaisility can be structure of pyrene have been made in order to reehits
finely tuned by small variations in the structurecomposition electronic and optical properties, by introducingedfic
providing a great level of flexibility in materiatkesign. electron-donating or -accepting groups at the pymimg?
In the context of design of materials for electoom@ind/or In particular, one of the design motifs for airidea n-type
optical applications, pyrene is very attractive ftsr peculiar rylene-based semiconductor materials was to incatpastrong
electronic and photophysical properties. It is aekight- electron-withdrawing groups, in order to get higingy energy
emitting chromophore, based on a large conjugatechatic level of the highest occupied molecular orbitalsO4O), to
system, with good chemical stabilty and highacilitate both hole injection and transport. Cog@nated, core-
photoluminescence efficiendyit finds its major application as fluorinated and N-fluoroalkylated perylene and rthplene
a fluorescence prolf, but it has also high charge carriederivatives have been reported to exhibit high petynobility
mobility and excellent hole injection ability conred to other and air stability’®
chromophores. In this context, perfluoroalkylated compounds, sinthe
Due to their unique properties pyrene and its anae and electron-withdrawing character of the Bhain, in combination
derivatives have received great deal of attentimspiring with their superb thermal stability, good solulyilin various
researchers from various scientific fields to sttiugir possible organic solvents, stability in air and to moistureaggressive
application, in particular as Organic Light-EmitinDiodes chemical environment, are excellent candidates Various
(OLEDs), Organic Field-Effect Transistors (OFETshda practical applications, in particular materials be used in
electronic devices and for energy conversibn.

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 1
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Moreover, perfluoroalkylated-pyrene derivatives wamerth per

se, e.g. for application as fluorescence probe intexts in
which the presence of a perfluoroalkylated moietyuld be
helpful, as for affinity to the analyzed materialsto improve
the solubility of pyrene in fluorinated medi&!® or when the
hydrophobic association of fluorinated surfactacénot be
monitored by pyren&'
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studied by Fluorescence Spectroscopy, SAXS and TEM

techniques, respectively.

Experimental

Materialsand Methods
All solvents and reagents were purchased by Aldrich

Although many efforts have been made to direct C-Methylmethacrylate (MMA) was purified using a dispble

functionalization'® also making use of metal cataly$t!

approaches to the direct perfluoroalkylation of yogtlic

aromatics remain highly desirable in terms of atamd step
economy and direct C-H bond transformation of uctiga

arenes is still a challenge.

Li et al. have recently reported direct functiomation of
electron-deficient and electron-rich polycyclic ayatics via

copper mediated radical perfluoroalkylatin.

A great variety of perfluoroalkylated polycyclicaanatics, such
as naphthalene, pyrene, and perylene, can be pdbparthis

method with high yields.

Radical perfluoroalkylation as addition to alkers¥saromatic
substitution with perfluoroalkyl iodides are welkdwn thermal

processe&>?*
Nevertheless, the photochemical approach, despitegrieat
potential, is still a limitedly explored

methodology %2

Pyrene functionalization may allow both the contddl the
molecular packing, and the fine-tuning of the ogltigroperties.
Nowadays, the possibility to embed small molecuwesh
defined properties in a polymeric matrix has tocbasidered a
useful tool of choice for the fabrication of higkfformance
devices.

Polymer-based composites have been studied exénsiue
to their lightweight, ease of manufacture and duthé fact that
a polymer in the presence of a filler can changephysico-
chemical properties including transparency, medwsnand
thermo-chemical stabilit¥?® The preparation of new

column to eliminate the polymerization inhibitor.

Preparation M ethodologies.

Preparation of perfluoroalkylated products. Preliminary

irradiations of pyrenel in the presence of &l were

performed in a Rayonet apparatus with 35W Hg lamps
different wavelengths (254, 305 or 365 nm) and iiifecent

kinds of solvents, such as acetonitrile (aprotiapo methanol
(protic polar), cyclohexane (apolar), and were rnared in a
time span of 20h, screening the reaction conditiopsTLC.

The formation of photoproducts was observed inyeweedium

and at every wavelength, but the reaction procegiskly at

254 nm. Concerning the solvent, in cyclohexane réfaetion

goes on slowly and in both cyclohexane and acetanithe

formation of some amounts of photo-degradation pctsiwas

syntheticobserved. Moreover, the reaction was performed dliftflerent

amounts of perfluoroalkylating reagent (1, 3, lQieglents)
concluding that an excess of reagent (10 eq.)ésssary to get
good photo-conversions.

hv 254nm Re
O MeOH O
(0 ———
T =20h

1

2a-d

transparent and luminescent composites consisfipgplgmers | Re Yield% SM recovered%  Yield on converted%
as matrix and emitters as fillers is one of thesotiyes for the CaFo = 0 6
development of OLEDSs, lasers and solar Alls. 2b | CeFis 39 41 66
Polymethylmethacrylate (PMMA) is a common plastidypner %g gng 48 42 83
that has been commercially used for many yearsainous o 1 a0 &
sectors, such as ophthalmology, orthopedics andatiokation Scheme 1.

of mural paintings; it has been used to incorporate

macromolecules such as bis-azopyrrolidine linked &y

ethylenglycol chain and in the production of filmaith
hydrophobic properties. In our opinion, PMMA is excellent
candidate in the realization of electronic devidas to its high
dielectric constant, low water permeability, gooktkceical
resistivity, transparency and ductilit§>!

In the frame of our on-going studies on the phaiotigity of
organic compound$*® we decided to explore the photo
perfluoroalkylation of pyrene. The pyrene derivasy hence,
have been used for the preparation of pyrene-PM
composites by photocurirfg*®
and the microstructure of the so-formed compoditge been

2| J. Name., 2012, 00, 1-3

T
M
The luminescence properties

General procedure for the photochemical synthesis of
compounds 2a-d. Photochemical reactions were carried out i1
anhydrous solvent by using a Rayonet RPR-100 paatbor
fitted with 16 Hg lamps irradiating at 254nm (in 48 Quarz
vessels) and a merry-go-round apparatus. A sanfppgrene
(0.35 g) in CHOH (350 mL) was apportioned into nine quartz
tubes. After N purging, the appropriate perfluoroalkyl lodide
_(10eq.) was added and the solutions were irradi&aed®0h.
he solvent was removed under vacuum and chronegtbgr

the residue returned starting material and g2evel, with
yields (based on recovery of starting materialgmag from 66
to 85% (see Scheme 1).

O
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Table 1. Concentration (mol/L) of the perfluoroalkylated qomoinds in

(240 mg); white solid (precipitated by Petroleum-6@0C),
m.p. 90-92°CH NMR (CDC}, 8): 8.50 (br d, 1H), 8.27-8.21
(m, 6H), 8.13-8.08 (m, 2H); MSn{2): 420 ([M]", 25), 251
(100), 201 (10), 125 (25), 100 (15).

1-(1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluorohexylgye gb)

(350 mg); white solid (precipitated by Petroleum-6@0C),
m.p. 115-117°CH NMR (CDCE, 8): 8.50 (br d, 1H), 8.29-
8.20 (m, 6H), 8.13-8.06 (m, 2H) ; M®2): 520 ([M]’, 20),
251 (100), 201 (10), 125 (20), 100 (10).

1-(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecadlocty ) pyrene
(2c), (432 mg); white solid (precipitated by Petrolew-
60°C), m.p. 149-152°C'H NMR (CDCl, 8): 8.50 (br d, 1H),
8.30-8.21 (m, 6H), 8.13-8.08 (m, 2H) ; M8Vg): 620 ([M]’,
25), 251 (100), 201 (10), 126 (20), 44(80).

1-(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
henicosafluorodecyl)pyrene 2d), (635 mg); white solid
(precipitated by Petroleum 40-60°C), m.p. 154-156+CNMR

(CDCly, 8): 8.50 (br d, 1H), 8.32-8.21 (m, 6H), 8.15-8.10, (M
2H); MS [W2): 720 ([MT", 15), 281 (10), 251 (100), 201 (10),

126 (20), 44(30).
Compounds 2a-b**
identical to the compounds prepared by alterngirazedures
as reported in the literature.

This procedure is direct and clean, without forwrmtiof
secondary photochemical products, due to the gretability
of the perfluoroalkylated products with respectthe parent
compounds. This was further proved by the irradiatdf the
perfluoroalkylated products in the same reactiomditions that
showed no formation of di- or poly-perfluoroalkyddt
derivatives nor photo-degradation products, as inoefl by
TLC and GC-MS analysis.

The proposed photochemical procedure is more eogatble
than that reported in the literature, which makes of DMSO
as solvent, high temperatures, and metal cat&yst.

PMMA composites.
UPMMA | 2a/PMMA | 2b/PMMA | 2c/PMMA | 2d/PMMA
1-10°
1-10%
2.33-10 1-10° 1-10°
465 1F | 2.3-10 1.8-1¢% | 1.5-10°
9.31.10° | 4.48-10% | 3.6-10° | 3.2-1¢° 3-10?
1.72-10' | 8.9-10° | 7.23-1¢ | 6.4-1C°
3.71-10

The obtained composites, transparent and lightowéth
solids, were cut and lapped to obtain discs of lircmiameter
and 2 mm in thickness. For the sake of comparigame
PMMA was prepared following the same procedure Egare
1).

22 - i
and 2¢™ have physical characteristicsgigyre 1. Pure PMMA an@®b/PMMA composites.

Characterization Methods.

Melting points were determined by a Reichart-Therarchot-
stage apparatus and are uncorrected.

Mass spectra have been registered by a GC-MS Shim@e-
2010.

'H NMR spectra were recorded by a BRUKER 300 Avanc~
spectrometer, operating at 300 MHz, with TMS adraernal
standard.

Column chromatography was performed by using Fkkba
gel (Merck, 0.040—-0.063 mm) and Petroleum (fractimiling
in the range of 40—60 °C) as eluent.

The Emission spectra were acquired by using a Bluax 4
Horiba Jobin Yvon spectrofluorimeter. Samples, pthat 45°,

Preparation of composites. The composites were prepared usingere excited by a Xe source operating at 150W and &
thein situ polymerization method which was previously used fRavelength of 300nm; all the spectra shown in #gu2-5 have

obtain several PMMA nanocompositéd? Pyrene and the
photosynthesized products have been added at garnmlar
concentration (see Table 1) to methylmethacrildté&MA)
monomer.

been registered by using the same operative insintah

conditions and parameters.

The chromaticity coordinates were calculated froime t
emission spectra using the Origin 8.0 softwareofeihg the

Compoundsl, 2a-d were placed in 2 mL pyrex vials andstandard CIE 15:2004.

dissolved in MMA by ultrasound (10 minutes), therR-2

SAXS measurements were performed by using a BrAke3

diethoxyacetophenone was added to start the photgcu Nanostar-U instrument whose source was a Cu rgtatiode

process and the vials were irradiated at 365 nra Rayonet
reactor equipped with eight 35W Hg lamps for asteh, up to
complete photocuring.

This journal is © The Royal Society of Chemistry 2012

working at 40kV and 18mA. The X-ray beam was
monochromatized at a wavelengthof 1.54 A (Cu ki) using a
couple of Gdbel mirrors and was collimated usingeaes of
three pinholes with diameters of 500, 150 andy®®0Samples
were directly mounted on the sample stage to aadiitional
scattering of the holder. Data were collected abnro

J. Name., 2012, 00, 1-3 | 3
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temperature for 1000 sec by using a two-dimensiondtiwire The calculated fluorescence quantum yield and treegy gap

proportional counter detector placed at 24cm frowm sample relative to the first excited state are reported@able 2 (see also

allowing the collection of data in the scatteringctor (Q= Supporting Information Figure. S2).

4nsind/)) range 0.02—-0.78A The measurements were repeated

in two portions of each sample to check its homedgn

TEM mlcrographs were acqu"'ed us|ng a JEM-2100 quTable 2. Emission Quantum Y|e|d@£) and Singlet energy (EO-O,
. . . kJ/mol) for compound$ and2a-d in CH;OH, MMA and PMMA.

Japan) electron microscope operating at 200kV acatihg

voltage. 1 2a | 2b | 2c | 2
100 nm thick slices, prepared by using a Leica E®@6Ulltra- OE 07208 | 1° | 0.6 -
microtome, were put onto a 3 mm Cu grid “lacey ocarfbfor EO0-O(CHOH) | 32F | 328 | 324| 328 -
analysis. E0-O(MMA) - - - | 330 -
Thermo-gravimetry analysis (TGA) was performed ittagen E0-O(PMMA) | 343 | 330/ 330 326 324

using a Q5000 IR apparatus from room temperaturetoup
600°C at a heating rate of 10°C/min. Once the fiemperature 7it. M. Montalti, A. Credi, L. Prodi, M.T. GandolfiHandbook of

was reached, specimens were left to cool down. photochemistry, CRC — Taylor & Francis Ed.
calculated by using pyrene as standard

Results and discussion o _ The emission of the perfluoroalkyl-derivatives,at medium,
The perfluorpalkylated derivatives of pyrene,_ diged in differs both in shape and in intensity from pyrefbe spectra
C'__|3OH and in MMA, and the PMN_IA composne_s were thet ihe derivatives lack the fine-structure pecubépyrene and
object of a study by UV (see Supporting Informatiégure S1) they are blue-shifted. At concentration®1® in CH;OH the
and Fluorescence Spectroscopy in order to explérer t emission is more intense than that of pyrene (sgeré€& 2). Its

Iumlnescen_ce (P_L)_ properties. As  an .exa_lmple, SON&lue increases with concentration up to®1d where the
representative emission spectra are reported ur&$g2 and 3. resulting emission was lower probably due to a ghew

effect (see Figure 4).

1
| 2a
——2b 1,5x10°

1000

it = —110°M
800 4 ——110"M
] ——110°M

600 |
1,0x10° o

I(a.u.)

400 4

1(@.u.)

200 -| f
5,0x10° 4

0 T T T T
300 350 400 450 500 550

A (nm)

0,0

3é0 4(‘)0 4"!0 4!‘!0 5;0
Figure 2. Emission spectra of fOM pyrene () and perfluoroalkyl- A {nm)

derivatives2a, 2b, and2c in CH;OH.
Figure 4. Emission spectra @c in CH;OH at three concentration.

Emission spectra for compounga and2b in acetonitrile have
been already reportdd.The authors claim that, respect to
J pyrene solution, the excimer emission was deteetahly for
8.0x10° PMMA concentration 1.3-13. The disfavored excimer formation in
. fluorinated systems, compared to pyrene or 1l-mpthghe,
was ascribed to an electronic effect, that alsseaa blue shift
of the emission band$. The more difficult formation of
excimers may be due to the fluorophobic aggregatibrthe
perfluorinated chaif§*® that, at some concentration, can
hinder ther-n stacking. *°

The perfluoroalkyl-derivatives emit slightly less MMA than

1,0x10°

6,0x10° 4

methanol

I{a.u)

4,0x10" 4

2,0x10°

0,0

hts e 40 hed o ase in methanol solutions (see Figure 3). The emistiends of the
R PMMA composites is always similar to the one obedrvor
Figure 3. Emission spectra of ™ 2cin CH;OH, MMA and PMMA. solutions (see Figure 5). The emission intensitréases with

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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concentration without quenching effects. It habeounderlined of higher wavelenght emitting excimers, as indidafeom
that at 1M the composites emission is stronger compared fituorescence data.

CH3OH solution.

At higher concentration the appearance of the eacipand at
[M72nm was observed (see Figure 5).

4,5x10°
4.Ox10Y; —110%m
3.5):10"‘—‘
3,ox10*;

2,5x10°

I (a.u.)

2,0x10° o

1,5x10° o

\ \ N/

1,0¢10° - A g =L i

\ ~——_ b
] I\ S v Sl

5,0x10° I ‘\:;\_:_ﬂ\

0,0 = : =

T T T
350 400 % (nm) 450 500 550

Figure 7. Photoluminescence of A) PMMA, B) 2.33 0 1/PMMA,
Figure 5. Emission spectra of tfe/PMMA composites as function of ©) 9-31- 16M UPMMA, D) 2.30-16M 2a/lPMMA, E) 8.90-16M
concentration. 2a/PMMA.

In addition, on increasing the concentration, angeain the The chromaticity coordinates, calculated from thmission
ratio between the intensities of the bands at 378nd 394 nm Spectra, of the 2c/PMMA composites are reportedthia
(1) was observed (ll, see Figure 6). This change can p&ommission Internationale de I'Eclairage (CIE) chaticity
attributed to the association of some molecules Gbserved diagram (Figure 8)

behavior could be justified as some vibrationalrgpdoss du

to a proximity effect, that causes the emissiommfrine lowe

vibrational band of the excited state more prohable s T — '.'1;04'M('0’1;4_'613'2)

a0 081 \\ 110° M (0,158-0,192) [
‘ e PMMA 0z ] . 1.510” M (0,158 - 0,163) |
o 4 methanol ] * 3.210°M (0,154 - 0,156)

o MMA 064

T T T T
0,00 0,01 0,02 0,03 0,04

2c concentration (M)

Figure 6. Dependence of the fluorescence intensity ratitheffirst to Figure 8. Chromaticity coordinates of ttfe/PMMA composites.

the second vibronic bands/[l) on the concentration &c in PMMA

composites, in C4DH and MMA solutions The calculation of the CIE (x, y) coordinates o fit/PMMA
composites at concentration 11 was impossible due to the
very weak emission. The CIE (X, y) coordinates bkt
2c/PMMA composites at higher concentration are located: ‘-
the blue region, which further confirm that the ssin is
covering the blue-violet to green light region. Adzhally, it is
noteworthy that the emission d#&c/PMMA composites at
concentration 1-IHM is located at the edge of the green

The I/1, ratio is always lower in solution compared to sodéid
dispersion, as the loss of vibrational energy ilutsmn is more
consistent due to solvation effects of the mediwvhijle, in
contrast, in the solid phase, the molecules aressdrat frozen.
The photoluminescence of the composites is repontddgure
7: there is no emission from the PMMA polymer (ARigure
7), by embedding pyrene (B and C in Figure 7) themfair to region. On the other hand, the calculation of tHE (X, y)

good blue-violet gmlssmn. At ‘T" compa.rat?le CONGRIUN, .. dinates of the2c/PMMA composites at concentration
2a/lPMMA composites show a higher emission. For the MOEe,. 1 PM is affected by an high error, due to the contiébat
concentrated composite a notable shift of the aaris® the

white-greenish region was observed, confirming fvenation

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5
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550 nm of the excimer emission, and the obtaindd @l y) 1/, 2a/ and2b/PMMA composites, indicating that the length of
coordinates are not considered reliable. the fluorinated chain determine the tendency toreggtion.
The chromaticity coordinates of thHPMMA, 2a/PMMA, Moreover, SAXS data of thed/PMMA evidence the presence
2b/PMMA and 2d/PMMA composites are reported in thef an additional peak at shorter Q-value. A repeptiistance
Supporting Information Figure. S3-S6. No large efiéinces of ca. 21 and ca. 41 A was evaluated from the twakp
were observed for the other composites, which CIE y| position.
coordinates are also located in the blue region.

SAXS measurements were performed on perfluoroalk
derivatives solutions and on PMMA composites todslight

on the structure of microdomains.

The acquired data on solution at various compasii® well as .
some of those acquired on the composites show dedihed
peaks. Experimental intensities 8¢ in CH30OH and MMA,
after corrections for the background and for thengas

PMMA
1PMMA
2a/PMMA
2b/PMMA
2c/PMMA
2d/PMMA

.
oCeplpOm

[e}
o

I {a.u.)

. . . o OO
thickness, are reported vs. Q in Figure 9. e %00000° 500060000007 Oeoooooo
) ()
ny ®ee eessesssesssees  seesd
26 In CH.OH | kit iiasiaiiadadRaARRRERERRAALY
o 2 S P LLEL L L et
| e 3210°Mm| : : :
@ | o 6410°Mm | 0,0 0,1 02 03 0.4
Q(A’)
L]
L ]
—_— L]
El o . Figure 10. SAXS intensities vs scattering vector Q of puk&MA and the
= ¢ composites at a concentration 3.2¥0
L] ® 0 °
.Q.OO'O'.|Ono00l.oo..' ? o Seqensustiel
o]
© fa}
OOOOOD o These findings indicate that the structure in thmgosites has
(ole} O . . . .
. ‘ 0030000?0 . OOIOOODS’ODOO to be attributed to perfluoroalkyl-derivative aggméon and
e e e i s i could be consistent with a lamellar organizatiayeported in
AN the literature® A notional pictorial image of the aggregate
. e MWA | formation for2c is reported in Figure 11.
e 64107 M|
L]
—_— L]
3: [ ]
s
ol L]
[ ]
[ ]
[ ]
%
......0'00000.. .
®00s® Sepesgest®el
0,0 ‘ n:1 ' u:z I u:a ‘ n:4 0,5
Q(A") Figure 11. Notional pictorial representation of moleculagamization

for 2c

Figure 9. SAXS intensities vs scattering vector QRofin CH;OH and

MMA respectively.

The evaluated distance for tBePMM A composite is roughly
corresponding to the molecule length. Notwithstagdiit is
still unclear why th&c/PMM A does not display a more intensc
peak at longer distances (lower Q-values) as2ih@®MMA

The observed peaks in all scattering patterns catdi the
formation of aggregates in solutions. The peak tisidoes
not change neither with concentration nor with sbévent. The
corresponding aggregate size is ca. 18 A. By coimpathe ]
SAXS pattern of the pure PMMA with that related ttze does. Therefore, a 6.4 10M Z.dPMMA .corT]po.sne was
2c/PMMA composite (see Figure 10), a peak correspondingal’_&alyzed' SAXS data, repgrted in supporting infafoma(see
a repeating distance of ca. 19A indicates the prEEseof Figure S7),. are characterilzed .by the presence of peaks
structures similar to those present in solutionesehstructures corresponding to a repeating distance of ca. 18candtl A.

are observed also for ti2e/PMMA composites, but not for theTh"S |nd|c_ates that the organlzatlo_n in the sampde
concentration dependent and, more important, that tivo

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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peaks cannot be ascribed to higher order reflectimrt to
different structures in the sample.

In order to investigate the microstructure of thenples, TEM
observation on /PMMA, 2b/PMMA and 2c/PMMA
composites at concentration 4.6°M were performed. A
representative micrograph of each sample is repant&igures
12, 13 and 14.

Figure 14. TEM micrograph oRc/PMM A composite.

Domains of irregular shape having size in the soélmicrons
are observed in all investigated samples (see stipgo
information Figure S8-S10). All these domains shpavallel
atomic planes whose interplanar distance is ab&uA3This is
consistent with graphite interlayer spaciig? The lateral
domains size is roughly 8, 17 and 4.2 nm for #ieRMMA,
2b/PMMA and 2c/PMMA composites, respectively. The
bigger is the lateral domains size the lower is tinenber of
domains.

TEM and SAXS findings suggest that the resultirgcttre is
due to a balance of interactions among the two ocudde
portions. The wellknown staking tendency of pyreoeld be
favoured in the composite, thus generating the neldé
observed structures. The presence of a perfluoybatoiety
promotes the formation of large structures as aeguence of
repulsive interactions among fluorinated chains &MMA.
The presence of six or more carbon atoms in therifiated
chain is able to generate fluorocarbon well-defirmkanains.
The interaction among fluorinated chains2mbecomes strong
enough to overcome the tendency of pyrene stachirdy to
promote the formation of lamellar structures. Lange
homologuesZc and2d), in addition, promote a crystallization
of the polymer as indicated by the appearance e@fptak (41
A) in SAXS data and by some regions observed in TEM
micrographs (see supporting information Figure $8)S

Figure 13. TEM micrograph o2b/PMMA composite.

The thermal stability of the composites has beestete in
nitrogen atmosphere by using the TG analysis. SGIGA

curves (the residual weight percentage versus teanpe) and
DTG curves (derivative of the residual weight petege
versus temperature) are reported in supporting riméion

Figure S11.

No char residuals after TGA runs are observedligaahples.

It can be seen that for all composites the theeabmposition
falls to the same values of temperature of pure AVM

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7
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The DTG curves show clear evidence of the existarfidaree
degradation steps for PMMA which were generallyilatited to
scissions of head-to-head linkages and at the aain
initiation from vinylidene ends and to the randonternal
scission of the polymer chain, respectively.

The decomposition peak in DTG curve at higher teatpee
(380-400°C) is due to the thermal decompositiorpofymer

chains>®

Conclusions

A set of perfluoroalkyl derivatives of pyrene anenPMMA
composite materials, was obtained by exploitindusigely the
photochemical approach.

The performed spectroscopic and structural invastgs
allowed to obtain complementary information and laac
picture of these interesting materials.

The SAXS data analysis revealed the aggregate farman
dependency of the chain length>&).

The TEM micrographs evidenced the presence of ggges

resulting by z-n stacking tendency and fluorocarbon chai

interaction balance. The fluorine content is resilde of the
kind of aggregate formation and promotes the cHyzation of
polymeric matrix.

5
The study of the emission spectra of the synthdsize

compounds both in solution and in the polymeric rirat
revealed a strong violet-blue emission. The embegdddf

pyrene perfluoroalkyl derivativesin PMMA producedslaifted

stronger emission as further evidenced by the GdBrdm.

The decomposition temperature of the composite nadgeare

comparable to PMMA.

The used synthesis methodology proved to be efflecind

efficient in order to obtain new materials, and texformed

study let us envisage their perspective applicationsensors,
fluorescent probes, and optoelectronic devices ssaflisplays,
lighting, bio-labels, etc..
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