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Abstract
C27H18AlN3O3, triclinic, P1 (No. 2), a = 6.181(1) Å,
b = 13.268(3) Å, c = 14.430(3) Å, � = 66.06(3)°, � = 88.56(3)°,
� = 84.03(3)°, V = 1075.5 Å3, Z = 2, Rgt(F) = 0.108,
wRref(F

2) = 0.437, T = 293 K.

Source of material
Sublimed bright-yellow tris(8-hydroxyquinoline)aluminum(III)
(Alq3, Eastman Kodak Company) was placed into a glass am-
poule (cylindrical shaped bulb 3 cm × 2.5 cm with a neck 7 cm
long and 0.5 cm inside diameter). The ampoule was evacuated
(10-5 – 10-6 Torr) and the end of the neck sealed. The ampoule was
placed into a tube furnace and heated to 663 K over a period of 4 h
at a rate of 100 K/h, and held at 663 K for 3.5 h. The heating source
for the furnace was turned off and the ampoule (still in the fur-
nace) was allowed to slowly cool to room temperature overnight.
The ampoule was removed and the resulting Alq3 specimen was
observed to be a dull yellow color and displayed blue lumines-
cence when irradiated by 365 nm UV light. The neck of the am-
poule was removed; an aliquot of the thermally processed Alq3

was analyzed by powder XRD, and the conversion to �-Alq3 was
found to be complete. Upon careful examination of the thermally
processed sample, thin, plate-shaped �-Alq3 crystals were ob-
served to be present. Although thin, these crystals were found to
be of acceptable quality for single-crystal data collection. To our
knowledge, this is the first report of the generation of single-
crystals of �-Alq3.

Experimental details
The single-crystal structure is of tremendous value, even though struc-
ture from powder data is available [1], because the data-to-parameter
ratio is very high for single crystal data, i.e., 2830 reflections (560
with Iobs > 2 �(Iobs) ) versus 357 reflections for powder data. Thus,
the high data-to-parameter ratio leads to a more accurate structure.
Also for structure determination using powder data, an idealized
model is the starting point, which is then refined under constraints
to closely match the powder pattern. This approach is in contrast to
actually locating atomic positions in electron density maps for sin-
gle-crystal data. Otherwise, the atomic positions were not refined
anisotropically because of the relatively low quality data.

Discussion
The original report describing organic light-emitting diodes
(OLEDs) began with the observation of efficient green electrolu-
minescence from tris(8-hydroxyquinoline)aluminum (�-,
�-Alq3) [2]. Braun et al. [3] reported a new crystalline phase of
Alq3 (�-Alq3) exhibiting strongly blue shifted fluorescence.
Based upon vibrational analysis, a facial isomer for �-Alq3 was
proposed [4,5], which was later supported by structure analysis
from powder X-ray diffraction data [1]. The unit cell dimensions
for �-Alq3 are similar to those observed for �-Alq3 (a = 6.246 Å , b
= 12.871 Å , c = 14.739 Å, � = 69.89°, � = 89.46°, � = 82.52° [6]).
The � and � Alq3 powder XRD patterns are unique and provide
unequivocal identification of the Alq3 phase present in a sample.
In this current study, we are able to confirm the facial structure for
�-Alq3 using single-crystal X-ray crystallography.
A structural diagram of �-Alq3, showing the atomic numbering
scheme and its facial isomeric nature, is depicted in the figure. Con-
formation of the Alq3 molecule and lattice packing from single--
crystal structure elucidation were found to be similar to that
obtained using powder XRD data [1]. The molecular structure of
Alq3 is comprised of a six coordinate aluminum compound. The
aluminum atom is coordinated to the bidentate 8-hydroxyqui-
noline ligands in a distorted octahedral configuration. The angles
around the aluminum atom range from 82.7(6)° (�O2–Al1–N2)
to 97.3(5)° (�O2–Al1–O3). As expected, the structural data
show that the bond distances Al—N (2.07(1) Å, 2.04(1) Å,
2.06(1) Å) and Al—O (1.86(1) Å, 1.83(1) Å, 1.85(1) Å) are very
similar to those for the other Alq3 structures reported in the litera-
ture [6-11]. Triclinic space group P1 indicates that three 8-hydro-
xyquinoline ligands are crystallographically independent.
Though the intermolecular ligands in �-Alq3 are at a stacking dis-
tance of about 3.326 Å, there is no stacking of ligands. Hence,
there is significantly reduced �-orbital overlap in �-Alq3 as com-
pared to that in the �-Alq3[6] and �-Alq3 structures[7]. In the final
difference Fourier map, the highest peak is at 0.25 e/Å3 and the
deepest hole is at –0.33 e/Å3, thus confirming the absence of any
solvent in the lattice.
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Al(1) 2i 0.2714(8) 0.3120(5) 0.3143(4) 0.062(2)
O(1) 2i 0.395(2) 0.4441(9) 0.2794(8) 0.065(3)
O(2) 2i 0.440(2) 0.2639(9) 0.2314(8) 0.064(3)
O(3) 2i 0.438(2) 0.2372(9) 0.4311(9) 0.070(4)
N(1) 2i 0.051(2) 0.410(1) 0.199(1) 0.060(4)
N(2) 2i 0.104(2) 0.182(1) 0.329(1) 0.057(4)
N(3) 2i 0.055(2) 0.349(1) 0.410(1) 0.063(4)
C(1) 2i –0.126(2) 0.389(2) 0.162(1) 0.071(5)
H(1) 2i –0.1668 0.3175 0.1881 0.086
C(2) 2i –0.253(2) 0.473(2) 0.086(1) 0.072(5)
H(2) 2i –0.3730 0.4555 0.0599 0.086
C(3) 2i –0.206(3) 0.579(2) 0.047(1) 0.079(6)
H(3) 2i –0.2949 0.6342 –0.0027 0.095
C(4) 2i –0.022(3) 0.605(2) 0.084(1) 0.069(5)
C(5) 2i 0.106(2) 0.519(2) 0.162(1) 0.055(5)
C(6) 2i 0.293(3) 0.531(2) 0.210(1) 0.070(5)
C(7) 2i 0.354(2) 0.638(1) 0.174(1) 0.056(5)
H(7) 2i 0.4757 0.6516 0.2017 0.067

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso

C(8) 2i 0.231(3) 0.727(2) 0.095(1) 0.080(6)
H(8) 2i 0.2779 0.7972 0.0690 0.096
C(9) 2i 0.049(3) 0.710(2) 0.057(1) 0.086(6)
H(9) 2i –0.0342 0.7711 0.0099 0.103
C(10) 2i –0.074(2) 0.138(2) 0.385(1) 0.071(5)
H(10) 2i –0.1349 0.1694 0.4278 0.085
C(11) 2i –0.169(3) 0.048(2) 0.381(1) 0.078(6)
H(11) 2i –0.2859 0.0203 0.4215 0.094
C(12) 2i –0.087(3) 0.002(2) 0.316(1) 0.078(6)
H(12) 2i –0.1500 –0.0562 0.3111 0.093
C(13) 2i 0.097(3) 0.046(2) 0.254(1) 0.066(5)
C(14) 2i 0.186(3) 0.131(2) 0.268(1) 0.066(5)
C(15) 2i 0.370(3) 0.180(2) 0.215(1) 0.070(5)
C(16) 2i 0.458(3) 0.135(2) 0.149(1) 0.071(5)
H(16) 2i 0.5817 0.1631 0.1131 0.085
C(17) 2i 0.369(3) 0.050(2) 0.133(2) 0.091(7)
H(17) 2i 0.4301 0.0247 0.0856 0.110
C(18) 2i 0.200(3) 0.007(2) 0.185(1) 0.092(6)
H(18) 2i 0.1463 –0.0512 0.1755 0.111
C(19) 2i –0.141(2) 0.404(1) 0.398(1) 0.071(5)
H(19) 2i –0.2108 0.4319 0.3352 0.085
C(20) 2i –0.245(3) 0.423(2) 0.476(1) 0.075(6)
H(20) 2i –0.3820 0.4625 0.4636 0.090
C(21) 2i –0.156(3) 0.385(2) 0.568(2) 0.078(6)
H(21) 2i –0.2301 0.3993 0.6187 0.094
C(22) 2i 0.057(2) 0.322(1) 0.590(1) 0.066(5)
C(23) 2i 0.149(2) 0.308(1) 0.505(1) 0.050(4)
C(24) 2i 0.359(2) 0.249(1) 0.511(1) 0.060(5)
C(25) 2i 0.466(2) 0.206(1) 0.605(1) 0.065(5)
H(25) 2i 0.6034 0.1600 0.6132 0.078
C(26) 2i 0.365(3) 0.220(2) 0.688(2) 0.086(6)
H(26) 2i 0.4386 0.1865 0.7498 0.103
C(27) 2i 0.174(3) 0.277(2) 0.685(2) 0.086(6)
H(27) 2i 0.1183 0.2864 0.7416 0.103

Table 2. Continued.

Atom Site x y z Uiso
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440 �-Al(C9H6NO)3

Crystal: green yellow fragment,
size 0.02 × 0.02 × 0.07 mm

Wavelength: Mo K� radiation (0.71073 Å)
�: 1.31 cm–1

Diffractometer, scan mode: Nonius Kappa CCD, 	/

2�max: 50.46°
N(hkl)measured, N(hkl)unique: 4506, 2830
Criterion for Iobs, N(hkl)gt: Iobs > 2 �(Iobs), 560
N(param)refined: 137
Program: SHELXTL [12]

Table 1. Data collection and handling.


