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ABSTRACT: In this work, the synthesis, X-ray crystal structure analysis, studies on meso-

morphism and luminescence spectroscopy of 2,7-diphenyl-4,5-diazafluorenones carrying 2, 4 

or 6 peripheral alkoxy side chains of different lengths in the mesogenic unit are reported. The 

latter was attached to starting 2,7-dibromo-4,5-diazafluoren-9-one via Suzuki cross coupling 

of the respective 2-(alkoxyphenyl)-tetramethyl-1,2,3-borolane. The liquid crystalline proper-

ties were found to depend on both the number of side chains and their lengths. Derivatives 

with two short alkoxy chains (C6–C8) in the periphery formed nematic (N) and smectic C 

(SmC) mesophases while for the higher homologues only SmC mesophases were observed. 

Compounds carrying six alkoxy side chains with a minimum length of C8 assembled into 

columnar hexagonal phases. Homologues with C14 and C16 chain length displayed addi-

tionally two columnar rectangular mesophases. Four peripheral alkoxy chains, however, led to 

the loss of mesomorphism. Crystal structure data of a series of rod-shaped diazafluorenones 

helped to rationalize their liquid crystalline self-assembly and to understand geometry and 

thermal stability. Temperature-dependent luminescence spectra of diazafluorenone with two 

C12 chains revealed aggregation-induced emission (AIE) depending on the supramolecular 

order of the bulk phase. These studies suggested that AIE requires a lower degree of 

aggregation as compared to mesophase formation.

Keywords: fluorenone, luminescence, crystal structure, mesophases, nematic, smectic, 

columnar, X-ray diffraction
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smectic C mesophases regarding their ferroelectricity.10 Tai reported diazafluorenone Schiff 

base amphiphiles.44 In order to broaden the scope of the diazafluorenone mesogen, we 

wondered whether attachment of linear or wedge-shaped mesogenic units to the diaza-

fluorenone core should provide rigid compounds (Chart 1), which might help to correlate 

structural data of the crystalline solid state with those of mesophase type and stability as well 

as luminescence porperties. 
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Chart 1. Some selected known fluorenone core liquid crystals 1–5 and our envisioned system.
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Figure 4. Packing diagram of DAF(OC12)2 viewed along the a axis. The completeness of 

data reached ca. 90%, which may be caused by the Cu source and depends on the orientation 

of the crystal in context of the geometric limitation of the device at large theta angles. How-

ever, this is not relevant for the discussion.

The packing diagrams of both DAF(OC9)2 and DAF(OC12)2 (Figures 3c, 4) reveal a layer 

type orientation suggesting a prevalence for lamellar self-assembly in the mesophase as well.

Studies on mesomorphism. Mesomorphic properties of diazafluorenones DAF(OCn)m 

were investigated by differential scanning calorimetry (DSC), polarizing optical microscopy 

(POM) and X-ray diffraction (WAXS, SAXS). The DSC results are summarized in Table 2. 

All members of the series DAF(OCn)2 with two peripheral alkoxy chains showed enantio-

tropic mesomorphism (Table 2). In contrast to derivatives with short chain lengths (C6–C8), 

whose DSC curves displayed two endothermal phase transitions besides the clearing 

transition upon heating (Figure 5a), the second phase disappeared for DAF(OC9)2 as well as 
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and unsymmetrical mono-, bis- and trisalkoxyphenyl side chains were non-mesogenic due to 

insufficient space filling.

Figure 5. DSC curves of selected diazafluorenones: (a) DAF(OC8)2, (b) DAF(OC12)2 and 

(c) DAF(OC14)6 (heating/cooling rate 5 K min–1). (2nd and 3rd heating: 2. H, 3. H; 2nd and 3rd 

cooling: 2. C, 3. C). 
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Sixfold alkoxy substituted diazafluorenones DAF(OCn)6 again formed enantiotropic 

mesophases, except the shortest chain member DAF(OC6)6 which was non-mesomorphic 

(Table 2). Whereas compounds DAF(OCn)6 (n = 8, 10, 12) displayed only one mesophase 

(Table 2), an additional phase transition was observed for DAF(OC14)6 and DAF(OC16)6 

with C14 and C16 chains. As shown for DAF(OC14)6 in Figure 5c, in the DSC curve an 

endothermal crystalline to mesophase transition at 6°C, followed by two endothermal meso-

phase-to-mesophase transitions at 36°C and at 79°C and subsequent clearing into the isotropic 

liquid at 88°C were visible upon second heating. 

From the graphical presentation of the DSC results, the following trend could be observed 

for the series DAF(OCn)2 (Figure 6a). Both melting and clearing points decreased with in-

creasing chain lengths. The nematic phase widths decreased from C6 to C8, while the tempera-

ture ranges of the smectic C phase increased and then remained relatively constant for longer 

C9–C16 chains.

Figure 6. Temperature ranges of the mesophases of (a) DAF(OCn)2 and (b) DAF(OCn)6 

with different chain lengths obtained by DSC upon second heating. 
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X-ray diffraction (XRD) investigations. In order to verify the mesophase geometries, 

diazafluorenones DAF(OCn)m were studied by XRD. X-ray scattering of calamitic 

DAF(OC9)2 exhibited a sharp reflection in the small-angle region which was assigned as 

(001) and a broad halo at 4.4 Å in the wide-angle region typical for smectic phase geometries 

(Figure 8a). Further support for the assigned mesophase came from the temperature-depen-

dent layer distances d001 calculated from the (001) reflection. Their increase with rising 

temperature is common for smectic C phases (Figure 8b).57–61 

Figure 8. (a) Wide-angle scattering (WAXS) profile of the LC phase of DAF(OC9)2 at 

207°C; inset: the corresponding diffraction pattern. (b) Layer spacing temperature depen-

dency for DAF(OC6)2, DAF(OC9)2 and DAF(OC11)2. 
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The homologues DAF(OC6)2 and DAF(OC11)2 gave comparable results. The XRD data are 

listed in Table 3. Due to the high temperatures (256–300°C), the nematic (N) phases could not 

be examined by XRD measurements.

Table 3. X-Ray Diffraction Data of Diazafluorenones DAF(OCn)2

Compound Mesophase d-value / Å Miller 
indices

DAF(OC6)2 SmC 
at 226°C

24.2
4.4 

(001)
(Halo)

DAF(OC9)2 SmC 
at 216°C

28.4
4.3 

(001)
(Halo)

DAF(OC11)2 SmC 
at 207°C

31.4
15.7
4.8 

(001)
(002)
(Halo)

The results of XRD studies of DAF(OCn)6 are summarized in Table 4. The short chain 

derivatives DAF(OC8)6 and DAF(OC10)6 gave only the (10) reflection in SAXS experi-

ments. However, due to the similarity of the POM textures with those of DAF(OC12)6 

(Figure S3) a Colh phase was assigned as well. In the case of DAF(OC12)6, an ordered 

diffractogram was obtained at 93°C, which revealed a hexagon pattern within the (10) reflex 

with an azimuthal angle of 60° supporting the Colh phase (Figure 9a). In the WAXS profile of 

DAF(OC12)6 a diffuse halo was detected at 4.6 Å (Figure 9b). 

In the SAXS profile of DAF(OC16)6 at 81°C three distinct reflections are visible in a ratio 

of 1 : ���K�Q�= : 1/2, which were indexed as (10), (11) and (20) typical for a hexagonal columnar 

mesophase with p6mm symmetry (Figure 9c). In the wide-angle region a broad halo caused 

by the molten alkoxy side chains was observed at 4.6 Å (Figure 9d). 
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Figure 9. (a) SAXS profile of the LC phase of DAF(OC12)6 at 93°C. (b) WAXS profile of 

the LC phase of DAF(OC12)6 at 90°C. (c) SAXS profile of the mesophase of DAF(OC16)6 

at 81°C. (d) WAXS profile of the mesophase of DAF(OC16)6 at 84°C. Inset: the corre-

sponding diffraction patterns. 

In the case of DAF(OC14)6, two additional mesophases were identified at lower tem-

peratures. The SAXS profile revealed a set of eight reflections, indexed as (11), (12), (22), 

(40), (33), (14), (44) and (25) at 49°C, which did not change upon further cooling to 16°C 

Page 17 of 42

ACS Paragon Plus Environment

Crystal Growth & Design

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

te
d 

M
an

us
cr

ipt







20

Table 4. XRD Data of Symmetric Diazafluorenones DAF(OCn)6, BrDAF(OC14) and 

(C14O)3DAF(OC14)

Compound Mesophase Lattice 
parameter / Å

d values / Å
exp. (calc.)

Miller 
Indices

Z

DAF(OC8)6 Colh at 95°C
p6mm

a = 29.5 25.5
4.5 

(10)
(Halo)

2

DAF(OC10)6 Colh at 93°C
p6mm

a = 31.9 27.6
4.5 

(10)
(Halo)

2

DAF(OC12)6 Colh at 93°C
p6mm

a = 34.1 29.6
17.2 (17.1)
4.6 

(10)
(11)
(Halo)

2

DAF(OC14)6 Colh at 85°C
p6mm

Colrd at 49°C
p2gg

Colro at 16°C
p2gg

a = 36.1

a = 59.5
b = 40.5

a = 58.8
b = 40.3

31.3
18.0 (18.1)
15.7 (15.6)
4.6 
33.3 (33.3)
19.1 (19.1)
16.6 (16.6)
14.9 (14.6)
11.1 (11.1)
10.0 (10.0)
8.5 (8.3)
7.8 (7.8)
4.6 
33.0 (33.0)
19.0 (19.0)
16.5 (16.5)
14.7 (14.4)
11.0 (11.0)
9.9 (9.9)
8.5 (8.3)
7.7 (7.8)
4.3 
4.2

(10)
(11)
(20)
(Halo)
(11)
(12)
(22)
(40)
(33) 
(14)
(44) 
(25)
(Halo)
(11)
(12)
(22)
(40)
(33)
(14)
(44)
(25)
(Halo)
(�U-�U)

2

4

4

DAF(OC16)6 Colh at 81°C
p6mm

Col2
a

Col1
a

a = 38.2 33.1
19.0 (19.1)
16.6 (16.5)
4.6 

(10)
(11)
(20)
(Halo)

2

BrDAF(OC14) SmA at 
143°C

36.8
4.3 

(001)
(Halo)

(C14O)3DAF(OC14) Colh at 65°C
p6mm

a = 40.3 34.9
4.4 

(10)
(Halo)

3

a Reflections could not be assigned.
Molecular modelling of diazafluorenone DAF(OC14)6 employing AVOGADRO software87 

yielded a calculated molecular lengths of 53 Å. Thus each disk within the hexagonal lattice 
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consists of two molecules oriented antiparallel in order to compensate the dipole moment and 

the alkoxy side chains are strongly interdigitated in the Colh phase. Also in the Colr lattice 

with p2gg symmetry each disk consists of two diazafluorenone molecules (Figure 11). 

Figure 11. Proposed packing model of the high temperature hexagonal columnar and low 

temperature rectangular columnar phases, respectively, for DAF(OC14)6 based on X-ray 

crystal structure data.

Symmetrical diazafluorenones DAF(OCn)2 and DAF(OCn)6 with two or six alkyloxy side 

chains in the periphery provided nematic, smectic and columnar mesophases, respectively, 

however, their high clearing points may limit possible applications. To overcome this prob-

lem, the unsymmetrical derivative (C14O)3DAF(OC14) was prepared (Scheme 1). According 

to DSC studies (C14O)3DAF(OC14) showed an enantiotropic mesophase that underwent 

transition to isotropic liquid at 80°C (Figure 12c), and thus a reduction of the clearing point as 

compared to the symmetrical counterparts described above. 
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Figure 12. (a) POM image of (C14O)3DAF(OC14) at 75°C and (b) at 59°C upon cooling 

from the isotropic liquid (cooling rate 10 K min–1, magnification ×100). (c) DSC curves 

(heating/ cooling rate 5 K min–1, 2nd and 3rd heating: 2. H, 3. H; 2nd and 3rd cooling: 2. C, 3. 

C). (d) SAXS profile and the corresponding diffraction pattern (inset) at 65°C.

Under the POM (C14O)3DAF(OC14) formed fan-shaped textures at 59°C and focal conic 

textures with homeotropic domains at 75°C (Figure 12a,b) which are typical for columnar 

mesophases. In the SAXS profile only the (10) reflection could be detected, and at wide 

angles a broad halo around 4.4 Å (Figure 12d). Although the mesophase could not be 

definitely assigned based on these XRD data, we assume a Colh phase with p6mm symmetry 

(Table 4) due to the observed POM textures and structural similarity in comparison with the 

other DAF derivatives. The number of molecules per unit cell Z was calculated to be Z = 3. 

Thus three molecules self-assemble to a discotic structure, stacking in columns which orga-

nize into a hexagonal lattice. Bromide BrDAF(OC14) displayed enantiotropic mesomorphism. 

Upon second heating the mesophase ranged from 151 to 193°C, and under POM a texture 

typical for a SmA mesophase was observed, that was confirmed by XRD studies (Figures S4 

and S16). The measured d layer spacing of 36.8 Å corresponds to the molecular length, 

indicating SmA monolayers. 
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DAF(OC12)2, derivative DAF(OC12)4 with four dodecyl chains displayed a much weaker 

orange emission and DAF(OC12)6 with six dodecyl chains showed a weak blue emission 

(Figure 13d). The weak blue emission and small stokes shift in the latter case might be 

imparted to reabsorption phenomena. In order to study this decrease of the emission intensity 

for DAF(OC12)4 and DAF(OC12)6, concentration dependent emission spectra were recorded 

(Figure 14). 

Figure 14. Concentration dependent emission spectra of DAF(OC12)4 (a) and DAF(OC12)6 

(c). Emission intensity plotted versus concentration at the emission maximum 594 nm for 

DAF(OC12)4 (b) and 446 nm for DAF(OC12)6 (d). 

As can be seen from Figures 14b,d at concentrations below 1.4·10–5 mol L–1 for DAF(OC12)4 

and 1.7·10–5 mol L–1 for DAF(OC12)6, respectively, an increase of the emission intensity was 

observed with increasing concentration. In the case of DAF(OC12)6, the emission maximum 

additionally shifted from 396 nm (3.0·10–7 mol L–1) to 446 nm at higher concentrations 

(Figure 14c, see also Figure S20), presumably due to electronic effects of the diazafluorenone 

core. However, the emission intensities are still very low as compared to DAF(OC12)2. At 

concentrations above 1.4·10–5 mol L–1 and 1.7·10–5 mol L–1, respectively, the intensity 

decreased for both DAF(OC12)4 and DAF(OC12)6, resulting from aggregation-caused 

quenching of fluorescence.90 
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Novel Luminescent Diazafluorenone Liquid Crystals

Korinna Bader, Rafet Gündemir, Wolfgang Frey, Philipp Ehni, Yann Molard, Angelika Baro, 

and Sabine Laschat*

Liquid crystalline properties of 2,7-diphenyl-4,5-diazafluorenones carrying 2, 4 or 6 

peripheral alkoxy side chains depend on both the number of side chains and their lengths. 

Crystal structure data of a series of rod-shaped diazafluorenones helped to rationalize their 

self-assembly and to understand geometry and thermal stability. Temperature-dependent 

luminescence revealed aggregation-induced emission (AIE) depending on the supramolecular 

order of the bulk phase. 
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