Z. Kristallogr. NCS 217 (2002) 517-518

517

© by Oldenbourg Wissenschaftsverlag, Miinchen

Crystal structure of N,N’-bis(2-phenylpropyl)perylene-3,4:9,10-

bis(dicarboximide), C42H30N204

K. Tojo and J. Mizuguchi*

Yokohama National University, Graduate School of Engineering, Department of Applied Physics. 79-5 Tokiwadai, Hodogaya-ku, 240-8501 Yokohama. Japan

Received June 19, 2002, accepted and available on-line August 25, 2002; CCDC-No. 1267/887

Abstract

Ca2H30N204, monoclinic, P12)/c1 (No. 14), a = 23.44(1) A,
b=16.751(5) A, c =7.612(6) A, B = 97.92(8)°, V=2959.3 A3,
Z =4, Rg(F) = 0.061, wRobs(F*) = 0.284, T= 223 K.

Source of material

The title compound was prepared by reaction of perylene-
3,4:9,10-tetracarboxylic dianhydride with 3-phenylpropylamine
at 403 K in water for 5 h. The single crystals were grown from the
vapor phase at about 740 K using a two-zone furnace [1]. After
60 h of vapor growth, a number of red platelet crystals were ob-
tained.

Discussion

Perylene pigments are widely known to exhibit a variety of colors
in the solid state depending on the substituents, although there is no
significant difference in their molecular spectra in solution [2].
This evidently indicates that the difference in shade is attributed to
the molecular arrangement in the solid state. We have previously
investigated the color generation mechanism of typical red, ma-
roon and black perylene pigments from the standpoint of molecular
and crystal structures as well as of intermolecular interactions [3,4].
Our results concluded that the exciton coupling (that greatly depends
on the molecular arrangement) plays the decisive role in the deter-
mination of colors in the solid state and that the color changes from
red to black as the exciton coupling is increased.

The title compound is based on the perylene-dicarboximide skele-
ton, to which the propylphenyl groups are attached at the imide ni-
trogen atom. This compound exbits a red color while the similar
derivative with 2-phenylethyl groups is black [3,5,6] and the one
with 2-(4-pyridyl)ethyl groups is again red [7]. The present struc-
ture analysis has been carried out as a part of the above investigation.
The molecule is heavily deformed as characterized by C1 symmetry.
The perylene-dicarboximide skeleton is not entirely planar. The di-
hedral angles between the following six-membered rings are in the
range between 176.7° and 177.3°: {N1C1C3C6C4C2},
{C3C5C8C11C9C6} and {C4C6CIC12C10C7}. On the other
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hand, the plane composed of the following six-membered rings is
nearly planar within a deviation angle of about 0.5°:
{N2C24C22C19C21C23}, {C13C15C18C21C19C16} and
{C14C16C19C22C20C17}. The molecules are stacked along the
c-axis with significant overlap of the perylene-dicarboximide
skeleton.

Table 1. Data collection and handling.

Crystal: red platelet, size 0.02 x 0.08 x 0.47 mm
Wavelength: Mo K radiation (0.7107 A)

: 0.90 cm™'
Diffractometer, scan mode: Rigaku AFC7R, /26

20max: 50°

N(hkl}measured, N( hkl)unique: 7549, 5204

Criterion for Jobs, N(hki)g:: Tobs > 0 0(lops), 5187

N(param)efined: 433

Programs: SHELXS-97 [8), teXsan [9],
ORTEPII [10]

Table 2. Atomic coordinates and displacement parameters (in A3,

Atom Site x y z Uiso

H(1) 4e 0.4778 -0.8728 0.7841 0.044
H(2) 4e 0.4063 -0.5057 0.6185 0.042
HQ3) 4e 0.3956 -0.9149 0.6094 0.040
H@4) de 0.3175 -0.5448 0.4775 0.049
H(5) 4e 0.3162 -0.9535 0.4615 0.053
H(6) 4e 0.2421 -0.5801 0.3433 0.048
H(7) 4e 0.2305 -0.9891 0.2896 0.051
H(8) 4e 0.1560 -0.6203 0.1712 0.053
H(9) 4e 0.5783 -0.5683 1.0156 0.053
H(10) 4e 0.5845 -0.6538 1.0941 0.053
H(11) 4e 0.6381 -0.6922 0.8689 0.067
H(12) de 0.6686 -0.6218 0.9758 0.067
H(13) 4e 0.6031 -0.6043 0.6501 0.062
H(14) 4e 0.6377 -0.5366 0.7554 0.062
H(15) 4de 0.6430 -0.6558 0.4120 0.056
H(16) 4e 0.7220 -0.6904 0.2734 0.084
H(17) 4de 0.8146 -0.6586 0.4049 0.098
H(18) 4e 0.8294 -0.6022 0.6857 0.093
H(19) 4e 0.7511 -0.5727 0.8267 0.069
H(20) 4e 0.0537 -0.9256 -0.0743 0.058
H21) 4e 0.0435 -0.8386 -0.1412 0.058
H(22) 4e -0.0010 —0.8090 0.1038 0.065
H(23) 4e -0.0331 -0.8783 -0.0027 0.065
H(24) 4e 0.0096 -0.9674 0.1987 0.069
H(25) 4e 0.0422 -0.8984 0.3048 0.069
H(26) 4e -0.0611 -1.0211 0.3597 0.062
HQ27) 4e -0.1281 -1.0094 0.5493 0.091
H(28) 4de -0.1590 -0.8831 0.6305 0.092
H(29) 4e -0.1106 -0.7714 0.5442 0.098
H(30) 4e -0.0388 -0.7842 0.3586 0.090
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Table 3. Atomic coordinates and displacement parameters (in Az).

Atom Site x y z Un U»n Uss Uiz U3 Uz
o(1) 4e 0.5492(3) -0.7765(4) 0.9491(8) 0.041(4) 0.031(4) 0.058(5) -0.002(3) 0.003(3) 0.013(4)
02) 4e 0.5084(3) -0.5187(4) 0.7965(9) 0.064(5) 0.016(4) 0.076(5) -0.001(3) 0.006(4) 0.009(4)
0@3) 4e 0.1365(3) -0.9749(4) 0.102(1) 0.067(5) 0.053(5) 0.070(5) -0.014(4) 0.004(4) -0.004(5)
04) 4e 0.0838(3) -0.7150(4) 0.018(1) 0.059(5) 0.052(5) 0.073(6) 0.0114) 0.003(4) 0.004(4)
N de 0.5283(3)  -0.6480(5) 0.872(1) 0.036(5) 0.033(5) 0.041(5) 0.001(4) 0.0034) 0.001(4)
N(2) 4e 0.1067(3)  -0.8467(5) 0.067(1) 0.040(6) 0.048(6) 0.044(5) ~-0.007(5) 0.014(4) 0.003(5)
C(1) 4e 0.5162(4) -0.7306(6) 0.863(1) 0.053(7) 0.019(6) 0.057(7) 0.007(5) 0.036(5) 0.006(5)
CQ) 4e 0.4928(4) -0.5898(6) 0.789(1) 0.045(7) 0.033(6) 0.058(7) -0.004(5) 0.024(5) 0.001(6)
C@3) 4e 0.4636(4) -0.7554(5) 0.754(1) 0.036(6) 0.024(6) 0.028(5) 0.003(5) 0.009(4) 0.008(4)
C@4) 4e 0.4383(4) -0.6145(5) 0.692(1) 0.041(6) 0.016(5) 0.037(6) 0.001(5) 0.015(5) 0.008(4)
C(5) 4e 0.4514(4) -0.8341(5) 0.729(1) 0.044(6) 0.019(6) 0.052(7) -0.001(5) 0.022(5) 0.008(5)
C(6) 4e 0.4238(4) -0.6963(6) 0.671(1) 0.049%(7) 0.033(6) 0.008(5) 0.007(5) 0.0134) 0.005(4)
C( 4e 0.3975(4) -0.5611(5) 0.612(1) 0.041(6) 0.017(5) 0.053(6) -0.007(5) 0.023(5) -0.002(5)
C(8) 4e 0.4016(4) -0.8592(5) 0.627(1) 0.033(6) 0.020(6) 0.048(6) 0.018(5) 0.006(5) 0.005(5)
C(9) 4e 0.3718(4)  -0.7228(6) 0.574(1) 0.044(6) 0.025(6) 0.019(5) -0.001(5) 0.0144) 0.002(5)
C(10) 4e 0.3449(4) -0.5841(6) 0.523(1) 0.036(6) 0.037(7) 0.052(7) 0.006(5) 0.012(5) 0.006(6)
C(11) 4e 0.3593(4) -0.8066(5) 0.547(1) 0.042(6) 0.019(5) 0.029(5) -0.005(5) 0.020(4) -0.008(4)
C(12) 4e 0.3317(4)  -0.6650(6) 0.499(1) 0.027(6) 0.028(6) 0.051(6) 0.002(5) 0.026(5) 0.004(5)
C(13) 4e 0.3070(4) -0.8323(6) 0.449(1) 0.038(6) 0.029(6) 0.030(5) 0.012(5) 0.004(5) -0.001(5)
C(14) 4e 0.2764(4) -0.6884(6) 0.396(1) 0.042(6) 0.029(6) 0.048(7) 0.0145) 0.023(5) 0.015(5)
C(15) 4e 0.2907(4) -0.9125(6) 0.413(1) 0.052(7) 0.014(5) 0.071(8) -0.001(5) 0.025(6) -0.001(5)
C(16) 4e 0.2653(4) 0.7737(6) 0.374(1) 0.048(7) 0.024(6) 0.032(6) 0.000(5) 0.019(5) 0.002(5)
can 4e 0.2352(4) -0.6355(6) 0.324(1) 0.054(7) 0.039(6) 0.031(5) -0.010(5) 0.025(5) 0.015(5)
C(18) 4e 0.2392(4) -0.9343(5) 0311(1) 0.049(7) 0.021(6) 0.063(7) 0.003(5) 0.028(5) -0.009(5)
C(19) de 0.2129(4) -0.7951(6) 0.271(1) 0.043(7) 0.032(6) 0.035(6) 0.002(5) 0.017(5) 0.000(5)
C(20) 4e 0.1830(4) -0.6591(6) 0.222(1) 0.052(7) 0.032(6) 0.049(7) 0.031(6) 0.011¢6) 0.011(5)
CQ21) 4e 0.2008(4) -0.8766(6) 0.241(1) 0.031(6) 0.043(7) 0.47(7) 0.004(5) 0.018(5) -0.006(5)
C(22) de 0.1717(4)  -0.7398(6) 0.198(1) 0.036(7) 0.040(7) 0.042(6) 0.009(5) 0.005(5) 0.011(5)
C(23) 4e 0.1480(4)  -0.9056(7) 0.136(1) 0.049%(7) 0.046(7) 0.046(7) 0.010(6) 0.024(5) 0.008(6)
C(24) 4e 0.11754) -0.7652(7) 0.089(1) 0.036(7) 0.064(9) 0.048(7) 0.001(6) 0.018(5) 0.012(7)
C(25) 4e 0.5810(4) -0.6234(6) 0.988(1) 0.069(8) 0.031(6) 0.030(6) -0.005(6) 0.000(6) 0.002(5)
C(26) 4e 0.6358(5) -0.6370(6) 0.895(1) 0.064(8) 0.042(7) 0.063(8) -0.005(6) 0.015(6) 0.017(6)
C(@27) 4e 0.6371(4)  -0.5920(6) 0.729(1) 0.066(7) 0.042(6) 0.051(7) -0.014(6) 0.021(6) -0.011(6)
C(28) 4e 0.6887(4) -0.6107(6) 0.635(1) 0.048(7) 0.030(6) 0.049(7) 0.005(5) -0.002(5) -0.005(5)
C(29) 4e 0.6808(4) -0.6453(5) 0.469(1) 0.047(7) 0.028(6) 0.063(7) -0.008(5) 0.006(5) -0.007(5)
C(30) 4e 0.7277(5) -0.6648(7) 0.386(2) 0.075(9) 0.051(8) 0.086(9) 0.014(7) 0.018(7) 0.002(7)
C@31) 4e 0.7827(5) -0.6472(8) 0.465(2) 0.054(8) 0.11(1) 0.09(1) 0.028(8) 0.037(7) 0.032(9)
C(32) 4e 0.7915(5) -0.6134(8) 0.630(2) 0.050(8) 0.12(1) 0.065(8) -0.024(8) 0.015(6) 0.005(8)
C(33) de 0.7449(5)  -0.5959(6) 0.712(1) 0.076(8) 0.046(7) 0.049(7) 0.014(7) 0.005(6) 0.003(6)
C(34) 4e 0.0509(5) -0.8715(6) —-0.039(1) 0.063(8) 0.045(7) 0.039(6) -0.013(6) 0.018(5) -0.008(5)
C(35) 4e 0.0015(4) -0.8633(7) 0.070(1) 0.046(7) 0.07909) 0.038(6) -0.007(6) 0.006(5) 0.003(6)
C(36) 4e 0.0075(4) -0.9130(7) 0.233(1) 0.064(8) 0.058(7) 0.049(7) -0.007(6) 0.004(6) 0.009(6)
Cc(37n 4e -0.0409(4)  -0.9043(7) 0.340(1) 0.038(6) 0.058(7) 0.065(8) -0.012(6) 0.014(6) 0.007(7)
C(38) 4e -0.0702(4) -0.9692(6) 0.398(1) 0.065(7) 0.050(7) 0.045(6) 0.003(6) 0.025(5) 0.001(6)
C(39 4e -0.1113(5)  -0.9625(8) 0.508(2) 0.073(8) 0.09(1) 0.068(8) -0.024(8) 0.027(7) ~0.012(8)
C(40) 4e -0.1287(5) -0.8884(9) 0.560(2) 0.063(8) 0.10(1) 0.070(9) 0.011(8) 0.026(7) -0.012(8)
C(41) 4e -0.1006(5) -0.8230(8) 0.506(2) 0.079(9) 0.07(1) 0.10(1) -0.003(7) 0.030(8) -0.029(8)
C(42) 4e -0.0571(5) -0.8308(7) 0.395(2) 0.076(9) 0.059(8) 0.10(1) -0.017(7) 0.046(7) -0.034(7)
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