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The microwave condensation of mono-amino functionalised polyhedral oligomeric silsesquioxane
(POSS) with a range of mono- and bis-anhydrides yielded the corresponding POSS imide compounds,
which were characterized by UV—Vis and fluorescence spectrophotometry. The perylene POSS imide
derivative was further characterized by single crystal X-ray crystallography. The naphthyl POSS bis/
monoimide exhibited extremely weak fluorescence, whilst the perylene POSS bis-imide displayed

particularly strong fluorescence, with a quantum yield approaching unity.
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1. Introduction

Rylenes are hydrocarbon families, which can be regarded as
naphthalene oligomers containing bonds between the 1 and
1’ positions and the 8 and 8 positions of adjacent naphthalene
units. Observations of electron transport behaviour and tunable
molecular electronic properties, through N-substituent variation or
rylene backbone manipulation motivated interest into rylene and
diimides [1]. Rylene diimides exhibit relatively high electron
affinities, high electron mobilities, and excellent chemical, thermal,
and photochemical stabilities. Therefore, rylene diimides and their
derivatives have found use in a variety of applications, such as
organic light-emitting diodes [2], dye lasers [3], optical switches [4],
and photodetectors [5], and also as electron acceptors for studying
photoinduced energy and electron-transfer processes [6—8].

Perylenes have been used in electronic applications where they
are among the best available n-type semiconductors [9,10]. The
n-type semi-conductivity is related to the high electron affinity of
the rylene bis-imide dyes [11], making the perylene bis-imide
family promising for use as organic field transistors [12]. Perylene
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bis-imides also possess a unique combination of optical, redox and
stability properties, which have led to them being investigated in
electrophotography [5], pH sensing [13], and photovoltaics [14,15].
However, a significant drawback of perylene dyes is the tendency for
formation of dye aggregates through extended w-systems [16,17].
Another class of widely exploited imides, phthalic diimides are
relatively transparent to visible light compared to naphthalene or
perylene tetracarboxylic diimides with the same side chain, due to
the reduced m-conjugation length. This has led to them being
investigated as promising candidates for transparent electronics [18].
POSS based hybrid materials have recently emerged as unique
materials due to their enhanced physical and mechanical properties,
compared to the parent polymer. Properties such as temperature and
oxidation resistance, surface hardening, mechanical properties,
reduced flammability and diminished exothermicity on combustion
are improved through the covalent linkage of POSS within the
polymer matrix [19—22]. The suppression of such aggregation in
conjugated chromophores and polymers, featuring aromatic systems
such as carbazole, terfluorene [23] and polyfluorene through the
incorporation of POSS cages has been previously reported [23—28].
POSS offers an ideal core to introduce multifunctionality,
specifically octa- and tri-functionalised molecules. As a result, the
study of the synthesis and properties of a variety of functionalised
POSS mono- and diimide adducts were of interest in the pursuit of
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developing multifunctional high performance optical materials.
Mono-functionalised POSS compounds were employed in order to
provide a useful starting point for the investigation into the
synthesis and properties of POSS imides. Microwave synthesis was
employed in order to provide a facile synthetic pathway to mono-
functionalised POSS mono- and diimides.

2. Experimental
2.1. Instrumentation

TH, 3¢ and 2°Si NMR were recorded on a 300 MHz Varian Gemini
FT-NMR. Chemical shifts (6) are reported in parts per million (ppm),
with solvent peaks used as references for H and '3C NMR spectra.
External tetramethysilane was used as a reference for 2°Si NMR
spectra. FTIR spectra were obtained on a Nicolet Nexus 8700 FTIR
spectrometer and data analysis was performed using Omnic 7.0
software. A Diffuse Reflectance Infra Red Transmission (DRIFT)
spectroscopy accessory was used in combination with the FTIR for
solid sample analysis. Accurate mass ElectroSpray lonisation (ESI)
analysis was performed on a Bruker BioApex Il 47e Fourier Trans-
form Mass Spectrometer (FT-MS), using Xmass Version 5.0 software
at Monash University. Elemental analyses samples were submitted
to the analytical department of the University of Otago, New Zea-
land, for analysis of carbon, hydrogen and nitrogen contents.
UV—Vis experiments were performed at an ambient temperature of
25 °Cusing a Varian Cary 50 Scan Spectrophotometer. Steady-State
Fluorescence experiments were conducted on a Varian Cary Eclipse
Fluorescence Spectrophotometer equipped with a Varian single cell
Peltier accessory used in conjunction with a Gilson MINIPULS3
peristaltic pump to aid temperature control of the sample.

2.2. Chemicals

Commercially available chemicals were used without purifica-
tion unless otherwise stated. i-Bu;Si7O9(OH)3 was purchased from
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Hybrid Plastics (Hattiesburg, MS). The remaining chemicals were
obtained from Sigma—Aldrich. Solvents were purified and dried
according to literature procedures [29]. Mono-(3-aminopropyl)
hepta-(iso-butyl) POSS was synthesised according to the previously
reported procedure [30].

2.3. General synthetic procedure of POSS imides

The reactions of a variety of mono- and bis-anhydrides with
mono-(3-aminopropyl) hepta-(iso-butyl) POSS (hereafter referred
to as mono-amino POSS) are discussed herein. The condensation of
the desired anhydrides with a large stoichiometric excess
(approximately 4 fold) of mono-amino POSS was performed with
the use of microwave radiation [31,32], with imidazole utilized as
the solvent [33]. Microwave experiments were performed in
a domestic microwave oven, modified for chemical use, similar to
that detailed in the literature [34]. Thermal condensation of amino
POSS with a range of mono- and bis-anhydrides has recently been
reported [35,36], [20,37] however the use of microwave radiation
enabled the synthesis of the desired POSS imides to occur in
a greatly reduced timeframe. Thermal methods involved reaction
times ranging from 4 to 24 hr at elevated temperatures, which were
reduced to 5 min with the use of microwave radiation. Purification
was achieved by washing with dilute hydrochloric acid and water,
followed by column chromatography (eluant hexane/chloroform),
to yield the desired POSS imide.

2.3.1. Mono-phthalic POSS imide (2a)

All POSS mono- and diimides were synthesised according to the
method for the mono-phthalic POSS imide (2a) outlined below.
Phthalic anhydride (166 mg, 1.12 mmol), mono-(3-aminopropyl)
hepta-(iso-butyl) POSS (3.918 g, 4.48 mmol, 4 equiv.) and imidazole
(12.2 g, 17.9 mmol, 16 equiv.) were combined. The mixture was
reacted in a modified microwave reactor for approximately 5 min,
with homogenisation performed as required (typically, every 30 s)
[31]. Tetrahydrofuran (100 mL) and hydrochloric acid (100 mL, 3 M)
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Fig. 1. Synthesis of POSS mono-imides.
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were added and the solution stirred overnight. Diethyl ether
(100 mL) was added and the organic layer was separated, washed
with water (2 x 100 mL), dried (MgSQy,), filtered and the solvent
removed in vacuo. The resultant solid was dissolved in the
minimum amount of chloroform and methanol (150 mL) was added
to precipitate the desired imide. Purification was performed by
flash chromatography (eluant: hexane/ethyl acetate).

Yield = 173 mg (15%); FTIR (KBr, cm™1): 2954s, 2869m, 1776w,
1719m, 1465m, 1396m, 1366m, 1332m, 1230m, 1169m, 1109vs,
837m, 743m; 'H NMR (300 MHz, CDCl3): 6 0.57—0.65 (m, 16H,
SiCH,/i-Bu CHy), 0.92—0.96 (m, 42H, i-Bu CH3), 1.78—1.87 (m, 9H,
CH,/i-Bu CH), 3.67 (t, 3Jy_y = 7.20 Hz, 2H, CH,N), 7.69—7.72 (m, 2H,
CH), 7.84—7.86 (m, 2H, CH); 3C NMR (75.4 MHz, CDCl3): 6 9.56
(SiCH3), 22.14 (CH3), 22.47, 23.85, 25.69 (i-Bu), 40.48 (CH,N), 123.13
(CH), 13220 (C—C), 133.80 (CH), 168.33 (C=0); 2°Si NMR
(59.6 MHz, CDCl3): 6 —68.02, —68.36, —68.56. HRMS calcd for
C39H73NNa014Sig1026.3083. Found 1026.3072. Elemental analysis
calcd. (%) C 46.62, H 7.32, N 1.39. Found C 46.38, H 8.13, N 1.06.
UV—Vis Amax (€): 294 (2356).

2.3.2. Bis-phthalic POSS imide (3a)

Yield = 480 mg (37%); FTIR (KBr, cm™1): 2954m, 2870m, 1774w,
1727m, 1465m, 1391m, 1366m, 1332w, 1230m, 1112vs, 838m, 743m;
'H NMR (300 MHz, CDCl3): ¢ 0.57—0.60 (m, 32H, SiCHy/i-Bu CHy),
0.92—0.96 (m, 84H, i-Bu CH3), 1.80—1.90 (m, 18H, CH,/i-Bu CH), 3.72
(m, 4H, CH,N), 8.27 (m, 2H, CH); '3C NMR (75.4 MHz, CDCl3): 6 9.56
(SiCHp), 22.04 (CHy), 22.47, 23.82, 25.67 (i-Bu), 41.09 (CH,N), 118.06,
137.23, 166.18 (C=0); 2°Si NMR (59.6 MHz,CDCl3): 6 —68.01, —68.3,
—68.51; HRMS calcd for C72H140N2N3.0235116 1951.5799. Found
1951.5829. Elemental analysis calcd (%) C45.02, H 7.45, N 1.39. Found
C 44.78, H 7.31, N 1.45; UV—Vis Amax (¢ M~' cm™1): 309 (2357).

2.3.3. Mono-naphthalic POSS imide (2b)

Yield = 107 mg (54%); FTIR (KBr, cm™'): 2954m, 2906w, 2870w,
1703m, 1671m, 1591w, 1465w, 1437w, 1386w, 1365w, 1344w,
1316w, 1261w, 1244m, 1230w, 1200w, 1168w, 1109vs, 1032w, 837w,
802w, 782w, 743w; 'H NMR (300 MHz, CDCl3): 6 0.57—0.61
(m, 14H, i-Bu CH3), 0.70—0.76 (m, 2H, SiCH3), 0.93—0.96 (m, 42H,

i-Bu CHs), 1.79—1.90 (m, 7H, i-Bu CH), 4.15 (t, }Jy_u = 6.6 Hz, 4H,
CH,N), 7.73 (t, *Jy_u = 7.8 Hz, 2H, CH), 8.18 (dd, Jy_y = 8.40 Hz,
2Jy_n = 0.9 Hz, 2H, CH), 8.58 (dd, >Jy;_n = 7.80 Hz, ?Jy_u = 0.9 Hz,
2H, CH); 3C NMR (75.4 MHz, CDCl3): 6 9.72 (SiCH3), 21.55 (CH>),
2239, 22.50, 23.84, 25.68, (i-Bu), 42.69 (CH;N), 122.81, 126.85,
128.15, 131.04, 131.55, 133.68, 163.98 (C=0); 2°Si NMR (59.6 MHz,
CDC]3)I 0 —68.05, —68.30, —68.40; HRMS calcd for C43H75NN3014Si8
1076.3239. Found 1076.3229 (theory); Elemental analysis calcd. (%)
C 48.97, H 7.17, N 1.33; Found C 48.31, H 7.42, N 1.43; UV—Vis Anax
(¢ M™' cm™'): 335 (13846), 350 (15022); Fluorescence
(Qexe = 335 nm, CHCl3) 362, 380, 390 nm (& = 0.02).

2.3.4. Bis-naphthalic POSS imide (3b)

Yield = 368 mg (49%); FTIR (KBr, cm~'): 2954m, 2870m, 1709m,
1672m, 1465w, 1366w, 1333m, 1230m, 1112vs, 838w, 743m; 'H
NMR (300 MHz, CDCl3): 6 0.57—0.61 (m, 28H, i-Bu CH;), 0.69—0.75
(m, 4H, SiCH,), 0.92—0.96 (m, 84H, i-Bu CHz),1.84 (n, *Jy_y = 6.3 Hz,
18H, CHa/i-Bu CH), 3.67 (t, 3Ju_n = 7.20 Hz, 4H, NCH>), 8.76 (s, 4H,
CH); >C NMR (75.4 MHz, CDCl3): 6 9.72 (SiCH3), 21.55 (CHy), 22.47,
23.85, 25.68 (i-Bu), 43.16 (CH,N), 126.68, 130.86, 162.71 (C=0); 2%Si
NMR (59.6 MHz, CDCl3): 6 —68.03, —68.34, —68.54. HRMS calcd for
C76H142N2Na0,gSiig 2001.5955. Found 2001.5946 Elemental anal-
ysis calcd. (%) C46.02, H 7.32, N 1.41; Found C 46.31, H 7.42, N 1.43;
UV—Vis Amax (¢ M1 cm™1): 342 (10084), 360 (15864), 381 (19153);
Fluorescence (Aexc = 350 nm, CHCl3) 350, 386, 404 nm (@ = 0.05).

2.3.5. Bis-perylene POSS imide (3c)

Yield = 1.323 g (98%); FTIR (KBr, cm™~!): 2954m, 2869m, 1700m,
1663m, 1595m, 1465w, 1404w, 1342w, 1229m, 1110vs, 837w, 811w,
746m. 'TH NMR (300 MHz, CDCl3): 6 0.54—0.59 (m, 32H, SiCH;/i-Bu
CH,), 0.93 (s, 84H, i-Bu CHs), 1.83—1.90 (m, 18H, CHy/i-Bu CH), 4.20
(m, 4H, CH,N), 8.60 (br m, 8H, CH). 13C NMR (75.4 MHz, CDCl5):
0 9.78 (SiCH>), 21.57 (CHy), 22.49, 23.93, 25.69, (i-Bu), 42.94 (CH3N),
123.08, 123.30, 126.27, 129.23, 131.29, 134.38, 163.11 (C=0). 295
(59.6 MHz, CDCl3): 6 —68.05, —68.14, —68.38; HRMS calcd for
CgsH146N2Na028Si6 2127.628. Found 2127.6260; Elemental analysis
calcd. (%) C 49.06, H 6.99, N 1.33; Found C 49.10, H 7.05, N 1.53;
UV—Vis Amax (¢ M~! ecm™1) 459 (17157), 490 (48730), 526 nm
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Fig. 2. Synthesis of bis-POSS diimides.
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Table 1
FTIR of POSS imides.
Compound u(C=0)** (cm™) u(C—N)** (cm™)
1 1719 1465
2a 1727 1465
2b 1713 1415
3a 1703 1465
3b 1709, 1672 1465
3c 1700, 1663 1465

(80877); Fluorescence (Aexc = 450 nm, CHCl3) 533, 575, 620 nm
(Pr = 1.0).

3. Results and discussion
3.1. Synthesis

The condensation reactions of a variety of mono- and bis-
anhydrides with a excess (4 equivalents) of mono-amino POSS was
performed with the use of microwave radiation [31,32] in imidazole
(Figs. 1 and 2) [33]. Thermal condensation of mono-amino POSS
with a range of mono- and bis-anhydrides, including phthalic,
perylene, naphthalene and biphenyl have recently been reported
[35], however the use of microwave radiation the desired POSS
imides to be synthesised in a greatly reduced timeframe.

The ability of aromatic cyclic anhydrides to undergo condensa-
tion reactions with primary amines to form the corresponding cyclic
imides in good yields [38,39], implied that the most accessible route
to aromatic POSS-functionalised imides, required a POSS cage
peripherally substituted with a primary amine. The formation of
mono-(3-aminopropyl) hepta-(iso-butyl) POSS adducts (hereafter
referred to as mono-amino POSS) has previously been achieved
through the condensation of 3-aminopropyltriethoxysilane with
the incompletely condensed POSS species, i-Bu;Si;Og(OH)3, in the
presence of tetrabutylammonium hydroxide, to yield i-BuySiz.
Olz(CH2CH2CH2NH2) (1 in Fig. 1) [30].

FTIR spectra of the resulting POSS imides exhibited a band at
approximately 1465 cm ™~ for the mono- and bis-POSS derivatives,
assigned to the stretching mode of the C—N bond in the imide
functionality [40,41]. The POSS imides exhibited a carbonyl
stretching band from 1700 to 1727 cm™~!, with the second carbonyl
stretching band only present in the naphthalic and perylene dii-
mides at 1672 and 1663 cm™}, respectively [42]. The FTIR bands of
interest of the POSS imides are detailed in Table 1.

The 'H NMR spectra displayed little change in the resonances of
the isobutyl chains of the POSS cage with resonances generally
apparent as multiplets at approximately ~¢ 0.6 (16H, SiCHy/i-Bu
CH>), 0.95 (42H, i-Bu CH3) and 1.85 (9H, CH,/i-Bu CH). Resonances of
the propyl chain were generally obscured, with the exception of the
CH,N resonance, which was apparent at approximately
03.65—4.20 ppm. This resonance exhibited a downfield shift of 1 ppm
for the phthalic monoimide and phthalic, naphthalic and biphenyl
diimides and 1.4 ppm for the naphthalic monoimide and perylene
diimide. Comparable resonance shifts in similar compounds have
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Fig. 3. UV—Vis of phthalic mono- and diimide [(—) absorption (- - -) emission] in
chloroform.

been reported in the literature [40,43—45]. The aromatic resonances
were evident in the range ¢ 7.50—8.60 ppm, as expected.

13C NMR exhibited resonances of the isobutyl carbons at
~0 24.00, 25.80 and 27.20 ppm, with resonances of the propyl
carbons apparent at ¢ 9.40—9.80 (SiCH,), 21.50—22.70 (CH;) and
40.70—44.90 ppm (CH;N). Downfield shifts were observed in the
SiCH; resonance (0.20 ppm), and upfield shifts of the CH; (0.41 ppm)
and CHyN (3.42 ppm) resonances. Comparable shifting patterns
were apparent in the bis-propyl triethoxysilane phthalic derivative
(0.1, 5.4 and 4.2 ppm), relative to (3-aminopropyl)triethoxysilane
[44]. The electron-withdrawing properties of a POSS cage are
comparable to those associated with a trifluoromethyl (CF3) group
[46,47], therefore, the adjacent propyl chain carbons experienced
increased deshielding, with reduced upfield shifts of the propyl
chain resonances of phthalic POSS imides observed [48]. Aromatic
(6 118.00—145.10 ppm) and carbonyl (162.70—168.40 ppm) reso-
nances were observed in the expected regions.

The 2°Si NMR resonances of the POSS amines and imides are
detailed in Table 2. All POSS imides exhibited resonances charac-
teristic of the functionalised POSS cages, with upfield shifts of
approximately 0.3 ppm present in resonances of all mono- and bis-
imides following reaction of the amino group.

The compounds were further characterized by High Resolution
Mass Spectrometry and elemental analysis, with the close

Table 2

295i NMR of POSS imides.
Compound 295i NMR
1 —67.64, —68.06, —68.26
2a —68.02, —68.36, —68.56
2b —68.01, —68.30, —68.51
3a —68.05, —68.30, —68.40
3b —68.03, —68.34, —68.54
3c —68.05, —68.14, —68.38
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Fig. 4. UV—Vis/fluoro spectra of naphthalic monoimide [(—) absorption (- - -) emis-

sion] in chloroform.
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Fig. 5. UV—Vis/fluoro spectra of naphthalic diimide [(—) absorption (- - -) emission]
in chloroform.
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Fig. 6. UV—Vis and fluorescence spectra of perylene diimide [(—) absorption (- - -)
emission] in chloroform.

correlation between the experimental and theoretical results
providing further confirmation of the formation of the desired POSS
imides (for full details see Experimental).

3.2. Spectroscopic properties

The 7—n absorption maxima of phthalyl monoimide 2a and
diimide 3a (Fig. 3) were apparent at 294 nm (2356) and 309 nm
(2357), with the maxima position and extinction coefficients being
comparable to other mono- (300 nm, 1840) [49] and diimide
(308 nm, 4800; 310 nm, 4000; 320 nm, 2400) examples in the

X

c174 C173

Table 3
UV and fluorescence data of POSS diimides.
Compound  Amax (nNm) Extinction Coefficient e (nm) Quantum
(Lmol~' cm™1) Yield
2a 294 2356 — -
2b 309 2357 - -
3a 335, 350 13846, 15022 362, 380,390 0.02
3b 342, 360, 381 10084, 15864 350, 386,404 0.05
3c 459, 490, 526 17157, 48730, 80877 533,575,620 1.0

literature [50,51]. Higher transitions were not observed due to the
insolubility of the compound in the required solvents [49].

The UV—Vis and fluorescence spectra of naphthalyl monoimide
2b are depicted in Fig. 4. The absorption spectra of 2b exhibited
maxima at 335 and 350 nm. Literature examples of alkyl mono-
naphtha imides exhibited absorption maxima at approximately
330 nm and 345 nm; with the exact position of the maxima being
solvent dependent [52,53]. Excitation of 2b yielded emission bands
with a maximum at 380 nm and shoulder bands at 362 and 398 nm.
The fluorescence observed was extremely weak compared to that of
perylenes, with a quantum yield (@) of 0.02 observed. The weak
fluorescence of 2b was similar to that of other mono-naphthalene
imides in the literature, which typically possess quantum yields
of approximately 0.01 [52], with two overlapping electronic levels
of the naphthalene structure postulated as being responsible for
the fluorescence deactivation [54].

The UV—Vis and fluorescence spectra of naphthalyl diimide 3b
are depicted in Fig. 5. The absorption spectrum of 3b exhibited
maxima at 342, 360 and 381 nm, analogous to literature di-
naphthalene derivatives (342, 360 and 380 nm) [55—57]. Excita-
tion of 3b yielded emission bands with maxima at 386 and 404 nm.
The resultant weak fluorescence (@ = 0.05) was comparable to that
present in other naphthalic diimides, which typically possess
quantum yields of 0.035 [55,58—60].

The UV—Vis and fluorescence spectra of the POSS substituted
perylene diimide 3c are depicted in Fig. 7. The UV—Vis spectrum of
3c displayed three characteristic absorption bands at 459, 490 and
526 nm [41,42,61]. The band at 526 nm represented a lowest energy
transition from the ground state (zero vibrational level) to the first
excited state, whilst the subsequent maxima at 490 and 459 nm
corresponded to transitions to the various excited vibrational levels
of the first electronic excited state, consistent with previous find-
ings [62,63]. Aggregation of perylene diimides is characterized
through the appearance of a broad band in the absorption spectrum
at ~580 nm, observed at even 10~ M concentrations, in a range of
solvents [58,64]. The particular spectrum shown in Fig. 6 was
obtained with a concentration of 1.8 x 10~® M, in order to obtain
the fluorescence spectrum, however higher concentrations were
also measured, with no change in the absorption profile evident.
Spectra were also obtained in chloroform, with no change in band
position or structure evident, as little solvatochromism is exhibited

Cc223
Si23 222

Fig. 7. Plot of the molecule of 3c. Hydrogen atoms have been removed for clarity.
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in perylene diimides [65]. The absence of a band at 580 nm implies
there is no aggregation present in solution at these concentrations.

Excitation of 3c resulted in an emission maximum at 533 nm,
with the first and second red-shifted vibrational bands at 575 and
620 nm (®f = 1.0) (Fig. 7). This quantum yield was comparable to
values reported for a range of perylene derivatives in the literature,
which are generally upwards of 0.9, and typically closer to unity
[3,41,64,66—71]. Aggregation also causes a dramatic reduction of
the fluorescence quantum yield, with aggregating diimides such as
p-hydroxyphenyl and p-cyanophenyl perylene diimides possessing
quantum yields of 0.2 and 0.136, respectively [58,64]. In contrast,
‘non-aggregating’ perylene diimides exhibit quantum yields in the
region 0.8—1 [3,41,64,66—71].

The UV and fluorescence properties of the functionalised POSS
imides are summarized in Table 3. The optical properties were

Table 4
Crystal data and refinement details for 3c.

Molecular formula CgeH146N2028Si16

Formula weight 2105.44
Crystal description Plate
Crystal colour Red

Crystal dimensions (mm) 0.33 x 0.07 x 0.011

Crystal system Triclinic
Space group PT

a[A] 11.464(3)
b [A] 20.859(7)
c[A] 23.103(2)
a[°] 89.46(2)
BI°] 81.78(2)
v [°] 81.96(2)
V [A3] 5414(2)
z 2
Dcalc[glcmB] 1.292
Temperature (K) 100(2)
Range in 6 [°] 2.87—65.70
Reflections collected 61,627
Independent reflections 18,388
Reflections (I > 20o(I)) 6576
Parameters refined 1217

R1 (I > 20(1)) 0.0669
wR2 (all data) 0.1954
Goodness-of-fit on F? 0.849

consistent with those exhibited by related compounds in the
literature.

3.3. Single crystal X-ray structure determination

Single crystals suitable for X-ray crystallography were grown
from the vapour diffusion of methanol into a chloroform solution of
3c. X-ray crystallographic data was collected at 100(2) K using CuKo.
radiation (1 = 1.5418 A). Following multi-scan absorption correc-
tions and solution by direct methods, the structure was refined
against F? by full-matrix least-squares using the program SHELXL-
9721, All hydrogen atoms were added at calculated positions and
refined by use of riding models with the isotropic displacement
parameters based on those values of the parent atoms. Anisotropic
displacement parameters were employed for all non-hydrogen
atoms. The molecular structure of 3c is depicted in Fig. 8 where
ellipsoids have been drawn at the 20% probability level. A summary

Table 5
Bond distances of 3¢ and literature perylene diimides [65].
Bond POSS Bond POSS Literature
distance (A) distance (A)  avg. distance (A)”>

C1-N1 1.364(8) C23-N2 1.398(8) 1.38
c1-C2 1.495(8) C18-C23 1.489(9) 147
c2-c3 1.417(9) C18—C19 1.396(8) 1.41
C2-C6 1.355(9) C17-C18 1.377(9) 1.36
c3-c4 1.382(8) C19-C20 1.411(8) 143
C3-C9 1.413(8) C14—C19 1.427(8) 1.41
C4-C5 1.499(8) C20—-C24 1.493(8) 1.47
C4-C12 1.377(9) C20—-C21 1.345(8) 137
C5—N1 1.405(8) C24-N2 1.357(8) 141
C6—C7 1.384(8) C16—C17 1.408(8) 1.39
c7—C8 1.386(9) C13-C16 1.370(8) 1.40
C8—C9 1.434(9) C13-C14 1.430(8) 1.42
C8—C13 1.446(8) C10—C15 1.474(8) 1.46
C9-C10 1.441(8) C14-C15 1.418(8) 143
C10-C11 1.380(8) C15—-C22 1.383(8) 1.37
C11-C12 1.412(8) 21-C22 1.401(8) 1.40
C113—-N1 1.478(7) C213-N2 1.478(7) 1.51
C111—-C112  1.543(8) C211-C212  1.549(7) —
C112—-C113  1.502(8) C212—-C213  1.521(8) —
C113—-N1 1.478(7) C213-N2 1.478(7) —
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Table 6
Bond angles of the perylene groups for 3c.

Atoms Angle (°)
Si11-C111—-C112 113.5(5)
C111-C112—-C113 108.7(5)
N1-C113—-C112 113.2(5)
C1-N1-C5 123.9(6)
N1-C1-C2 118.7(6)
Cc1-C2-C3 119.7(6)
C2-C3-C4 119.5(6)
C3-C4—C5 121.9(6)
C4—C5—N1 116.3(6)
C—C—C perylene 120.02

Si21-C211-C212 113.7(4)
C211-C212—C213 109.8(5)
N2-C213-C212 113.2(5)
C23-N2—C24 125.1(6)
N2—-C23—-C18 115.5(6)
C23-C18—-C19 121.6(6)
C18—C19—-C20 120.2(6)
C19-C20—-C24 118.6(6)
C20—-C24—-N2 118.8(6)

of crystallographic data is given in Table 4, with interatomic
parameters detailed in Tables 5 and 6. Full details of the structure
determinations (except structure factors) have been deposited with
the Cambridge Crystallographic Data Centre as CCDC 814303.

Molecules of 3c crystallised in the triclinic space group P1. The
nitrogen bound POSS cages essentially adopted a cis-like confor-
mation. This allowed for optimum packing of the molecule within
the unit cell (Fig. 9), as a POSS cage of an adjacent molecule was able
to slot within the cavity between two POSS cages of one molecule of
3¢, thus allowing for the m— stacking of adjacent perylene cores on
the neighbouring surface of the molecule.

X-ray studies of several single crystal perylene structures have
shown that parent perylene diimides exhibit flat w-systems
[65,72—75]. The numbering scheme used to describe the POSS
perylene diimide core used in the structural description of 3c is
shown in Fig. 9.

The average bond distances observed in a range of perylene
diimide crystal structures together with the bond distances
observed in the POSS perylene diimide synthesised in the present
work are detailed in Table 5 [65]. It was evident from the bond
distances of the perylene POSS that the two naphthalene half units
exhibited similar bond distances with no significant differences
between the literature values and those observed in the perylene
POSS structure. Thus the perylene core of the molecule was
consistent with other perylene crystal structures described in the
literature. The bond angles associated with the perylene moiety are
detailed in Table 6, with angles falling within the ranges reported in
the literature [74,76,77].

The bond angles associated with the propyl chains of the POSS
cages were also in agreement with those reported in the literature
[78—81]. The lack of substitution in the bay region of the perylene

o1 C12 C11 C22 C21 04

02 Cé Cc7 Cl6 C17 03

Fig. 9. Numbering scheme used for perylene POSS imide 3c.

POSS diimide implied that the aromatic perylene core, similar to
other previously investigated perylene diimides, exhibited an
almost planar, although slightly bowed, geometry. The dihedral
angles between the peripheral CsN rings and the central Cg ring are
2.9(2) and 2.0(2)°.

The steric requirement of the imide substituent dictates the
stacking distance and longitudinal and transverse offset of the
perylene diimides [72—75]. The unit cell, (Fig. 9), shows the bulky
POSS groups being present in a cis-like coordination, but also
indicates that the central perylene core is interacting with an
adjacent perylene moiety through m—m interactions. The parallel
separation distance between neighbouring perylene moieties of 3¢
(3.39 A), was comparable to other perylene diimides in the litera-
ture (3.34-3.55 A) [65,72—75]. The incorporation of w-electron
perylenes onto the periphery of the POSS cage effectively isolated
the chromophores from each other by both steric and electronic
effects, due to the rigid and bulky core and the non-conjugated
nature of the siloxane bond [24].

4. Conclusion

A range of POSS imides have been synthesised through the
condensation of POSS amines with a variety of mono- and bis-
anhydrides. The POSS imides were characterized by 'H, 13C and 2%Si
NMR, ESI mass spectrometry, FTIR, elemental analysis, UV—VIS and
fluorescence spectrophotometry and. The POSS perylene diimide
was further characterized by single crystal X-ray crystallography.
The various methods of characterization confirmed the formation
of the desired POSS imides. The X-ray crystal structure of the per-
ylene diimide confirmed that the incorporation of perylene func-
tionality onto the periphery of the bulky POSS molecule partially
isolated the perylene moieties and thus reduced the aggregation of
the aromatic perylene cores in the solid state.
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