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Merging Platinahelicene and Nanographene: A Strategy for 
Circularly Polarized Phosphorescence in the Near-Infrared (NIR)
Wenying Cui,a,b Huimin Zhou,b Thierry Roisnel,a Nicolas Vanthuyne,c Chengshuo Shen,b Joachim 
Grzybowski,d J. A. Gareth Williams,e Monika Srebro-Hooper,*d Yohan Gisbert,*a Jeanne Crassous*a 

We present the first integration of a platinahelicene within a 
nanographene (NG), giving access to near-infrared circularly 
polarized phosphorescence with dissymmetry factors 
glum reaching 4  10–3. For comparison, a novel NG featuring a 
borahelicene displayed a blue-green circularly polarized 
fluorescence with glum = 6  10–4.

Over the past two decades, the development of nanographene 
(NG)-type molecules has experienced tremendous growth 
thanks to the introduction of highly efficient synthetic 
methodologies leading to diverse molecular architectures, 
including the incorporation of heteroatoms and chirality within 
the NG scaffold.1–6 This rapidly evolving research field now 
provides access to sophisticated chiral molecular materials with 
specific chiroptical activities in both ground and excited states 
(electronic circular dichroism, ECD; and circularly polarized 
luminescence, CPL respectively).7–12 However, achieving CPL in 
the near-infrared (NIR) remains a significant challenge with such 
materials: very few chiral NG-type molecules emit CPL above 
750 nm.13–16 Such bathochromically shifted emission typically 
requires an extended conjugated system, involving 
sophisticated molecular architectures embedding multiple NG 
units, whose synthesis remains highly specific and challenging 
(Fig. 1a). We envisaged that the introduction of a metal17,18 (eg. 
Fig. 1b) could offer a straightforward alternative approach to 
achieving NIR CPL emission in NGs. Platinum has a high spin-
orbit coupling (SOC) constant that, in cyclometalated complexes 
in particular, can promote intersystem crossing and subsequent 
phosphorescence from triplet excited states.19,20 The 
association of a helically chiral nanographene with a platinum 
center may thus enable the chiroptical properties associated 
with the organic structure to be combined with room-
temperature phosphorescence in the visible, or NIR spectral 

regions.21 In line with this concept, Platinum(II) helicene 
complexes – or “platinahelicenes” – have been developed that 
display circularly polarized, red phosphorescence at room 
temperature.22–27 In this communication, we describe the first 
preparation of helically chiral NGs that incorporate a heavy 
metal, namely platinum (NG1, Fig. 1c, left), and show how the 
straightforward combination of NG and platinahelicene within 
the same scaffold enables direct access to novel, helically chiral 
architectures that display CPL activity in the NIR. For 
comparison, the incorporation of boron28–32 in place of Pt(II) 
was carried out with the same NG scaffold (NG2, Fig. 1c, right), 
yielding a blue-green, fluorescent CPL emitter.
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Fig. 1. a) A fully organic, NIR-emitting, chiral NG featuring extended π 
conjugation,13 b) achiral organometallic nanographenes,17 and c) the first helically 
chiral organometallic nanographene (left) and its analogue featuring a boron atom 
instead of the platinum center (right) presented in this work.
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The platinum-containing helical nanographene NG1 was 
prepared following a 7-step synthetic sequence with 16% 
overall yield (Scheme 1). Sonogashira cross-coupling of 4-tert-
butylphenylacetylene33 and 3-bromoiodobenzene gave 
diarylacetylene 1, and subsequent Diels-Alder cycloaddition 
with 2,3,4,5-tetrakis(4-tert-butylphenyl)cyclopentadienone34 2, 
followed by an in-situ chelotropic decarbonylation, yielded the 
hexaarylbenzene 3. The latter was subjected to a Scholl 
cyclodehydrogenation with FeCl₃/CH₃NO₂, affording the 
brominated hexabenzocoronene derivative 4 in 84% yield, 
corresponding to the concomitant formation of five C-C bonds. 
Subsequent Miyaura borylation yielded the corresponding 
pinacol boronic ester 5, which was then subjected to a Suzuki-
Miyaura cross-coupling with 1-bromoisoquinoline 6 to afford 
the key N^CH proligand 7, featuring both hexabenzocoronene 
(NG) and isoquinoline fragments. The platinum-containing 
helical nanographene NG1 was prepared from 7 by 
cycloplatination with Pt(dmso)2Cl2 followed by a ligand 
exchange with sodium acetylacetonate to afford NG1 as a deep-
red solid. It was formed as a racemic mixture, from which the 
(P) and (M) enantiomers were isolated with an ee > 99% by 
preparative chiral HPLC (see section 7 of the Supporting 
Information (SI) for details). 

The proligand 7 was also used to prepare the metal-free 
analogue NG2, featuring a boron atom instead of the platinum 
center, by reaction with boron tribromide under basic 
conditions, followed by methylation at the boron center with 
trimethylaluminium to afford NG2 as a bright orange solid in 

60% overall yield. Subsequent HPLC separation afforded both 
enantiomers of NG2 with ee > 97%.

The structures of NG1 and NG2 were unambiguously 
confirmed by high-resolution mass spectrometry (HRMS) and 
1H/13C NMR spectroscopy. Furthermore, the 195Pt NMR of NG1 
displayed a single signal at –2790 ppm, which falls within the 
expected range for such (N^C)Pt(II) complexes. Single crystals of 
NG1 suitable for X-ray diffraction were obtained by slow 
evaporation of a CH2Cl2/pentane solution of NG1, which 
crystallized in the C2/c space group (Scheme 1 and SI section 5). 
The helicity of NG1 (angle between the planes of the terminal 
helicenic rings) is 39.35°, significantly lower than those of 
carbo[6]helicene (58.5°)35 and the one observed for a simpler 
(N^C)platina-[6]helicene (52.3°).23 This reduction is likely due to 
stabilizing attractive van der Waals / CH- interactions between 
the quinoline moiety and the neighboring bulky tert-butyl group 
(Figs. S17 and S29). The NG1 molecules pack in separated pairs 
in the studied crystal, with a short Pt···Pt distance of 3.297 Å 
indicative of metallophilic interactions (Fig. S31). In line with 
findings for related systems,20,36 the nucleus-independent 
chemical shift (NICS) and anisotropy of the induced current 
density (AICD) analyses (Scheme 1 and SI section 4), 
demonstrated extended -delocalization and aromatic 
stabilization across the peripheral rings of the NG core. It also 
showed localized aromaticity at the center of the NG and on the 
quinoline moiety (evidenced by diatropic -electron ring 
currents and large negative NICS values), as well as non-
aromatic character of the platina- and boracycles (positive 

Scheme 1. Synthesis of helically chiral nanographenes NG1 and NG2. ORTEP view of the molecular structure of NG1, obtained from a racemic crystal (only the 
(P) enantiomer is shown). Thermal ellipsoids are drawn at 50% probability level. Hydrogen atoms and disorder are omitted for clarity. Calculated AICD plot for 
NG1 (0.05 au, arrows indicating the directions of the induced ring current, blue/red = clockwise (diatropic)/counterclockwise (paratropic)) along with the color-
coded average NICS(1)zz absolute values (ppm, blue/red = negative/positive). 
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NICSs); however, a visible involvement of Pt(II) electrons in the 
induced ring current was observed for NG1.

The UV-Visible absorption spectra of NG1 and NG2 in 
toluene (Fig. 2a) exhibit strong, well-defined absorption bands 
at  < 400 nm, closely resembling the high-energy features of 
the proligand 7 (Fig. S2). In contrast to 7, NG1 and NG2 display 
additional lower-energy bands in the visible region (Table S2). 
NG1 shows bands at λ = 498 (ϵ = 17100) and 550 nm 
(6600 M−1 cm−1), the latter tailing to around 600 nm, whereas 
those of NG2 are hypsochromically shifted to λ = 476 
(ϵ = 15300) and 499 nm (15800 M−1 cm−1). 
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Fig. 2. UV-Vis absorption of NG1 and NG2 (a) along with ECD spectra of 
enantiopure (P)- and (M)-NG2 (b) and of (P)- and (M)-NG1 (c), recorded in toluene, 
C ≈ 10–5 M. Bars indicate TDDFT-calculated excitations energies along with 
oscillator (a) and rotatory strengths (b, c).

TDDFT calculations revealed that, for both the complexes 
and the ligand, the higher-energy absorption arises 
predominantly from nanographene-centered * transitions. 
The additional low-energy bands observed for NG1 and NG2 
originate from the two lowest-energy excitations (nos. 1 and 2, 
Fig. 2) of mixed ππ* and intraligand charge-transfer (ILCT) 
character, resulting from conjugation between the isoquinoline 
and nanographene fragments and helicenic moiety formed 
upon cyclization combined with the introduction of the 
platinum (NG1) or boron (NG2). In NG1, these excitations also 
include metal-to-ligand CT (MLCT) contributions, resulting in 
the appearance of the low-energy band at 550 nm, for which 
there is no apparent counterpart in NG2 or 7. More details of 
the assignments and computational methodology can be found 
in the SI section S4.

The ECD of NG1 and NG2 were measured in the same 
conditions (Fig. 2c and 2b respectively). In each case, the 
enantiopure P and M forms display mirror-image spectra, which 
were assigned by TDDFT calculations (see SI section S4). NG1 
exhibits its strongest Cotton effect at 388 nm and its lowest 
energy band at 560 nm, whereas the corresponding features for 
NG2 occur at 373 nm and 515 nm, respectively, with the lowest-
energy ECD intensity governed by the aforementioned 
excitations nos. 1 and 2 (see SI section S4). Consistent with the 
absorption data (vide supra), the ECD spectrum of NG1 is 
significantly bathochromically shifted relative to that of NG2. 
Similar absorption dissymmetry factors were obtained for both 
NGs, with gabs = 0.0015 (435 nm) and gabs = 0.0010 (408 nm) for 
NG1 and NG2, respectively (Figs. S8 and S12).

Both nanographenes are luminescent in toluene at room 
temperature (Fig. 3a and Table S2). NG1 emits at very low 
energy: almost all of its integrated emission lies at  > 700 nm, 
in the NIR region, with only the onset falling into the deep red, 
showing the advantage of integrating a platinum center to red-
shift the emission of the nanographene. There is a hint of 
vibrational structure, which becomes better resolved in the 
slightly blue-shifted spectrum recorded at 77 K. The emission 
lifetimes of 700 and 1200 ns recorded at 295 and 77 K 
respectively are consistent with phosphorescence from a triplet 
state, as is the significant quenching by oxygen observed in air-
equilibrated solution (Fig. 3a). The emission is, however, weak, 
with a quantum yield lum in deoxygenated solution at 295 K of 
0.33%. Efficient non-radiative decay through vibrational 
quenching is typical for low-energy emitters, suppressing 
quantum yields. Nevertheless, the fact that the lifetime is only 
modestly increased at 77 K suggests that a particularly low 
radiative rate constant kr may also be a limiting factor. Indeed, 
if it assumed that the emissive state is formed with unit 
efficiency such that kr = lum / , we can estimate kr to be about 
4700 s–1, which is much lower than the values   105 s–1 that are 
found for efficient green-emitting Pt(II) and Ir(III)-based 
phosphors. Low kr values for phosphorescent organometallics 
are typically indicative of relatively inefficient SOC pathways, 
and often arise in complexes with extended conjugation, due to 
poor energy matching of the highest filled ligand orbitals with 
those of the metal.37,38 

In contrast, NG2 displays bright green emission in solution, 
with max of 529 nm in deoxygenated toluene at 295 K, and a 

Fig. 3. a) Emission spectra of NG1 (orange) and NG2 (green) in deoxygenated and air-equilibrated toluene at 295 K (plain and dotted lines respectively, plotted on 
the same intensity scale, λex = 405 nm) and in a diethyl ether / isopentane / ethanol (2:2:1 v/v) mixture at 77 K (dashed lines). b) CPL spectra of enantiopure (P)- and 
(M)-NG1 (deoxygenated toluene, λex = 500 nm, 20 °C, C ≈ 10–5 M). c) CPL spectra of enantiopure (P)- and (M)-NG2 (toluene, λex = 353 nm, 20 °C, C ≈ 10–5 M).
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high quantum yield of 53% that is only marginally reduced upon 
aeration. The emission lifetime of 9.3 ns is indicative of 
fluorescence, and the estimated kr of around 6 x 107 s–1 
supports a spin-allowed origin for the emission, in contrast to 
the phosphorescent Pt(II) analogue. As observed for the 
phosphorescence of NG1, the fluorescence of NG2 is a little 
blue-shifted at 77 K (as is normal for aromatics in the more rigid 
environment of a frozen glass), and vibrational structure 
becomes well resolved. The vibrational progression of around 
1100 cm–1 is similar for NG1 and NG2, and evidently associated 
with the C=C bonds of the highly conjugated helicene and 
nanographene systems. Finally, TDDFT calculations reasonably 
reproduce the measured fluorescence and phosphorescence 
energies of NG1 (and its precursor 8), NG2, and their parent 
ligand 7, linking the experimental trends to increased ILCT 
character (and MLCT for NG1 and 8) of the corresponding 
excited states in the complexes (see SI section S4).

The circularly polarized emission of the novel NGs was 
subsequently examined (Figs. 4b and 4c). Both enantiomers of 
each NG derivative were studied in ca. 10–5 M toluene solutions 
(degassed for NG1, under air for NG2) and, as expected, each 
pair displayed mirror-image spectra. The CPL signals for NG1 
(Fig. 3b) span the range 690-810 nm, with a maximum at 
740 nm and glum = 4  10–3 (Fig. S10), which is in the glum range 
of many efficient chiral phosphors (Table S1). The CPL of NG2 
(Fig. 3c) ranges from 500 to 600 nm, peaking at 530 nm, with a 
glum = 6  10–4 (Fig. S14). This order-of-magnitude difference in 
glum may arise from the distinctly different natures of the 
emitting states. NG1 emits from a formally spin-forbidden T1 
state localized mainly on the newly formed helicenic system and 
of predominantly 3*/3MLCT character (with some 3ILCT), 
whereas NG2 emits from lowest-energy singlet state(s) 
dominated by (quinoline→NG) 1ILCT. Note that the magnitude 
(and sign) of CPL might also be shaped by vibronic effects.39,40 
No CPL signal could be recorded for the NG-Pt(dmso)(Cl) 8, 
possibly due to its emission being very weak (Table S2).

In conclusion, the first metal-containing chiral 
nanographene, NG1, has been synthesized and characterized, 
thereby providing a new class of helically chiral, heavy-atom-
containing polyaromatic systems. The platinum(II) center 
(compared to boron) establishes more effective -conjugation 
within the newly formed helix and promotes efficient 
intersystem crossing to populate triplet states manifold, which 
results in NIR phosphorescence (λmax = 749 nm, emitting to > 
850 nm). Most significantly, NG1 also functions as an efficient 
chiral phosphor. It exhibits a high glum of 4  10–³, nearly an 
order of magnitude greater than that of its boron-containing 
fluorescent analogue NG2 (glum = 6  10–4). This pronounced 
chiroptical activity might be connected to localization of the 
emissive 3*/3MLCT state at the helical scaffold. This work 
validates a powerful molecular design strategy, with direct 
integration of heavy atoms into a chiral nanographene 
framework, and it demonstrates the potential for accessing 
high-performance CPL materials operating in the biologically 
relevant NIR window.
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Data availability statement

The data that support the findings of this study are available in the ESI section. Crystallographic 
data for compound NG1 have been deposited at The Cambridge Crystallographic Data Centre 
under the reference CCDC-2502439. These data can be obtained from the CCDC via 
https://www.ccdc.cam.ac.uk/structures
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