
658 C13H18N2S 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: AS1207). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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offers a promising approach to the development of 
active solar-energy conversion devices. A key feature 
in these systems is the ease of migration of energy 
from the absorbing metal center to that attached to 
the semiconductor surface. We have found recently that 
in [(bpy)2Ru(#-bphb)Ru(tpy)(CN)](PF6)3 [bpy is 2,2'- 
bipyfidyl, bphb is 1,4-bis(2,2'-bipyrid-4-yl)benzene, (1), 
and tpy is 2,2',6',2"-terpyridyl] energy transfer from the 
{(bpy)2Ru(bphb)} chromophore to the tpy-containing 
chromophore is 100% efficient even in frozen matrices 
at 20 K, implying that a nearly activationless intramolec- 
ular electronic energy migration occurs (Liang, Baba & 
Schmehl, 1995). In order to evaluate electronic coupling 
more thoroughly in bimetallic complexes bridged by the 
bphb ligand in light of recent theoretical work on the 
extent of electronic coupling through adjacent aromatic 
ring systems (Cave, Marcus & Sidars, 1986), the struc- 
ture of bphb was determined. 
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Abstract 

The title compound, C26H18N4, possesses crystallo- 
graphically imposed centrosymmetry. The bipyridyl 
moieties adopt an anti conformation and have a torsion 
angle of 24.3 (1) ° with respect to the attached benzene 
ring. 

Comment 

Polymetallic Run-diimine complexes are efficient sen- 
sitizers for large-band-gap semiconductors and photo- 
electrochemical cells constructed from these sensitized 
electrodes exhibit very high incident photon-to-current 
efficiencies (Bard & Fox, 1995; Pechy et al., 1995; 
Nazeeruddin et al., 1993; O'Regan & Gr~itzel, 1991; 
Bignozzi, Argazzi, Indelli & Scandola, 1994; Meyer 
et al., 1994; Amadelli, Argazzi, Bignozzi & Scandola, 
1990). As a result, this class of sensitized electrodes 
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Compound (1) possesses crystallographically imposed 
centrosymmetry and therefore the bipyridyl moieties 
adopt an anti conformation about the central benzene 
ring. Additionally, the two tings of the bipyridyl unit 
have an anti conformation. These two rings show a 
dihedral angle of 6.5 (4) ° between their planes, while 
that between the benzene ring and the attached pyfidyl 
ring is 24.3 (1) °. This latter angle is within the range 
considered to favor efficient energy migration between 
linked aromatic tings (Cave, Marcus &Sidars ,  1986) 
and while a comparable angle would not necessarily 
be adopted by a bphb-bridged bimetallic complex, it is 
clear that there are no structural features of the bphb 
ligand itself that would prevent this. 
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Fig. 1. ORTEPII drawing (Johnson, 1976) of compound (1). Displace- 
ment ellipsoids for non-H atoms are drawn at the 30% probability 
level. H atoms are represented by spheres of arbitrary radii. 
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Experimental 

Compound (1) was prepared as described by Baba, Wang, 
Kim, Strong & Schmehl (1994) and was crystallized by slow 
diffusion of diethyl ether into a chloroform solution. 

Crystal data 

C26HIsN4 
Mr = 386.46 
Monoclinic 
P21/n 
a = 10.025 (1) ,~ 
b = 8.689 (1) ,~, 
c = 12.063 (I) ,~, 
fl = 114.01 (1) ° 
V = 959.9 (4) ,~3 
Z = 2  
Dx = 1.34 Mg m -3 
Dm not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
0/20 scans 
Absorption correction: 

none 
1922 measured reflections 
1685 independent reflections 
1091 observed reflections 

[ I  > 2cr(/)] 

Refinement 

Refinement on F 
R = 0.038 
wR = 0.047 
S = 1.494 
1091 reflections 
136 parameters 
H-atom parameters not 

refined 

Mo Ka radiation 
A = 0.71073/1, 
Cell parameters from 25 

reflections 
0 = 11-19 ° 
# = 0.075 mm- 1 
T = 293 K 
Block 
0.53 × 0.46 × 0.33 mm 
Colorless 

Rint = 0 .038  

0max = 2 4 . 9 7  ° 

h = 0 ----~ 11 

k = 0 ---~ 10 
l =  - 1 4  ---+ 13 
2 standard reflections 

frequency: 120 min 
intensity decay: < 1.0% 

w = 4Fo2/[o'2(Fo 2) 
+ 0.0016Fo 4] 

( A / o ' ) m a x  = 0.007 
Apmax = 0.18 e ~k -3  

Apmin = -0.14 e/1~ -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 2. Selected geometric parameters (4, °) 
N1--C1 1.333 (2) C4----C5 1.367 (3) 
N1---C5 1.333 (3) C6---C7 1.387 (2) 
N2----C6 1.344 (2) C7---C8 1.389 (3) 
N2--CI0 1.333 (3) C8---429 1.394 (3) 
C1----C2 1.382 (2) C8-----C11 1.487 (2) 
CI---C6 1.484 (3) C9--C10 1.373 (3) 
C2---C3 1.369 (3) C11----C12 1.392 (3) 
C3--C4 1.361 (3) CI 1---C13 1.390(3) 

CI--N1----C5 117.1 (2) C1--C6---C7 120.7 (2) 
C6---N2--CI0 116.4 (2) C6--477--478 120.5 (2) 
N1----CI--C2 121.6 (2) C7--C8--C9 116.4 (2) 
N 1--471----C6 116.1 (2) C7----C8--C11 121.3(2) 
C2---C1--C6 122.3 (2) C9--C8---C11 122.3 (2) 
C 1--C2--C3 119.8 (2) C8---C9---C I 0 119.3 (2) 
C2---C3---C4 119.0 (2) N2---C10--C9 124.7 (2) 
C3---C4-4~5 117.9 (2) C8---C11--C12 121.4 (2) 
N i---C5--C4 124.6 (2) C8---C11--C13 121.4 (2) 
N2--4~6--C 1 116.7(2) C12---C1 I---C13 117.2(2) 
N 2---C6---C7 122.6 (2) 

General procedures for crystal orientation, unit-cell determi- 
nation and data collection have been published elsewhere 
(Mague & Lloyd, 1988). The space group was uniquely deter- 
mined by the systematic absences seen in the final data set. The 
initial E map provided locations for all the non-H atoms of the 
bipyridyl moiety, but this unit was clearly located too close to 
the crystallographic center of symmetry. This fragment was in- 
put into the D1RP 1 routine of the D1RDIF package (Beurskens, 
1984) which generated locations for the unique C atoms of the 
benzene ring, but the misplacement problem persisted. Using 
the locations for these latter atoms, the average position of the 
centroid of the benzene ring was determined and used to shift 
the complete asymmetric unit so that this point coincided with 
the crystallographic center. Subsequent refinement proceeded 
normally and all H atoms could be located in a difference map. 
Because of the relatively small number of observed data, the 
H atoms were placed in calculated positions (C--H 0.95,4,), 
with isotropic displacement parameters 20% larger than those 
of their attached C atoms, and updated periodically. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: MolEN 
PROCESS (Fair, 1990). Program(s) used to solve structure: 
SIR88 (Burla et al., 1989). Program(s) used to refine structure: 
MolEN LSFM. Molecular graphics: ORTEPII (Johnson, 1976). 
Software used to prepare material for publication: MolEN CIF 
VAX (Fair, 1990). 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (e{ 2) 

1 . . . .  * * • Ueq = ( / 3 ) E , ~ ) f v a  i ay ai.a). 

x y z Ueq 
NI 0.5122 (2) 0.2379 (2) 0.9877 (1) 0.0603 (5) 
N2 0.8044 (1) -0.0197 (2) 1.0165 (1) 0.0508 (4) 
C1 0.6380 (2) 0.1625 (2) 1.0420 (1) 0.0419 (5) 
C2 0.7197 (2) 0.1731 (2) 1.1656 (2) 0.0536 (6) 
C3 0.6710 (2) 0.2621 (2) 1.2352 (1) 0.0598 (6) 
C4 0.5410 (2) 0.3368 (3) 1.1810 (2) 0.0600 (6) 
C5 0.4669 (2) 0.3219 (3) 1.0582 (2) 0.0710 (7) 
C6 0.6850 (2) 0.0679 (2) 0.9618 (1) 0.0418 (5) 
C7 0.6076 (2) 0.0716 (2) 0.8369 (1) 0.0425 (5) 
C8 0.6526 (2) -0.0160 (2) 0.7620 (1) 0.0438 (5) 
C9 0.7753 (2) -0.1081 (2) 0.8197 (1) 0.0517 (5) 
C 10 0.8454 (2) -0.1051 (2) 0.9440 (2) 0.0555 (6) 
C 11 0.5735 (2) -0.0102 (2) 0.6276 (1) 0.0427 (5) 
C12 0.6433 (2) -0.0453 (2) 0.5518 (1) 0.0472 (5) 
C13 0.4281 (2) 0.0351 (2) 0.5725 (1) 0.0485 (5) 

We thank the Chemistry  Department  of Tulane Uni-  
versity for generous financial support of  the X-ray 
diffraction facility. 

Lists of  structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CR1205). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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sequence crystal-smectic A-nematic-isotropic for n < 3 
and crystal-smectic C-smectic A-nematic-isotropic for 
n > 4 (Lotke & Patil, 1989). 

C8H170 - - - ~  C O 0  - ~ - ' - C H = N - - - ~ - ' - C O O C n H 2 n +  i 

Fig. 1 shows the molecular structures and numbering 
schemes of both compounds. The butyl compound has 
two crystallographically independent molecules, A and 
B. In all three molecules, i.e. the single molecule of 
the ethyl compound and the A and B molecules of 
the butyl compound, the octyloxy chains have all-tram 
conformations. The core moieties, including the three 
phenylene rings, also have very similar conformations. 
The phenyl tings C1-C6 and C15-C20 are nearly 
coplanar, with dihedral angles of 1.7 (4), 2.1 (1) and 
3.69 (7) ° for n = 2, n = 4 (molecule A) and n = 4 
(molecule B), respectively. The central ring, C8-C13, 
is twisted with respect to both of the terminal rings. 
The dihedral angles with rings C1-C6 and C15-C20 are 
59.7 (2) and 60.5 (2) °, respectively, for n = 2, 54.0(1) 
and 54.4(1) ° for n = 4 (molecule A), and 56.8(1) 
and 54.3 (1) ° for n = 4 (molecule B). The C21- -O1- -  
C22---C23 torsion angles are 172.9(9), 179.3 (4) and 
118.4 (6) ° for n = 2, n = 4 (molecule A) and n = 4 
(molecule B), respectively. The terminal atoms of the 
butyl chains are disordered in both molecules of the 
butyl compound. 
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Abstract 
In order to clarify relationships between the mesophase 
behaviour and crystal structures, the X-ray structure 
determinations of the title compounds, ethyl 4-[4-(4- 
n-octyloxybenzoyloxy)benzylidene]aminobenzoate, C31- 
H35NOs, and butyl 4-[4-(4-n-octyloxybenzoyloxy)- 
benzylidene]aminobenzoate, C33H39NO5, have been per- 
formed. The compounds have different phase sequences, 
i.e. crystal-smectic A-nematic-isotropic and crystal- 
smectic C-smectic A-nematic-isotropic for the ethyl 
and butyl compounds, respectively. 

Comment 
The homologous series of n-alkyl 4-[4-(4-n-octyloxy- 
benzoyloxy)benzylidene]aminobenzoates have the phase 

C23 o4 C20 
OI r~ ~ 

C19 

-- ") t._t C4 " 

' 

~ 3 ~ ~  ~ 
C37 

C25 O4 
, ~[')C24 ~ ~ 05 

Fig. 1. The molecular structures of the ethyl (upper) and butyl (mol- 
ecule A) compounds, with 50% probability displacement ellipsoids. 
H atoms have been omitted for clarity. 

Figs. 2 and 3 show the crystal structures of the ethyl 
and butyl compounds, respectively. Both crystals have 
smectic-like layer structures, with the layers parallel to 
the bc plane in the ethyl compound and parallel to the 
ac plane in the butyl compound. In the layers, adjacent 
molecules are arranged alternately so as to cancel their 
longitudinal dipole moments with one another. The core 
moieties overlap to a great extent in both crystals. The 
nearest neighboring phenyl tings of adjacent molecules 
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