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Crystal structure of di-( 2,7-disubstituted-9 ¯ uorenyl ) glutamate
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N. K. LOKANATH, M. A. SRIDHAR and J. SHASHIDHARA PRASAD*

Department of Studies in Physics, University of Mysore, Mysore 570 006, India

(Received 23 July 1997; accepted 6 August 1997 )

The title compound, di-(2,7-disubstituted-9 ¯ uorenyl )glutamate, C82H86O12 , has been charac-
terized thus: triclinic, P1± , a=16 1́73(5 ) AÊ , b=16 2́33 (5) AÊ , c=14 3́20(5 ) AÊ , a=91 1́24(5) ß ,
b=105 0́98 (5 ) ß , c=92 2́70(5) ß , V =3625(1) AÊ 3 , Z=2 and F.W.=1248 5́4, Dm=1 1́25 g cm Õ

3 ,
Dc=1 1́69 g cm Õ

3 . F000=1356 0́0, l(Mo-K a )=0 7́1069 AÊ , m=0 7́7 cm Õ
1 , ® nal R1 and vR2 are

0 0́94 and 0 2́8 respectively.

1. Introduction

New exotic liquid crystals are being continuously
synthesized for the generation of properties that are of
great academic and technological interest. Here we
report the structure of a nematogen, di-(2,7-disubsti-
tuted-9 ¯ uorenyl )glutamate which is obtained by bridg-
ing two identical mesogens at their centres, a method
for generating polymeric liquid crystals. This structural
work will assist in the understanding of underlying
molecular forces.

2. Experimental

A pale green prismatic crystal having the approximate
dimensions 0 2́0 Ö 0 1́0 Ö 0 1́5 mm3 was mounted on a
glass ® bre. All measurements were made on a Rigaku
AFC7S di� ractometer with graphite monochromated

of 50 0́ ß . Of the 10179 re¯ ections which were measured,Mo-K
a

radiation.
9682 were unique (Rint=0 1́01). Over the course of dataCell constants and an orientation matrix for data
collection, the intensity of the standards decreased bycollection obtained from a least-squares re® nement,

using the setting angles of 17 carefully centred re¯ ections 1 6́%, and a linear correction factor was applied to the
in the range 13 8́9<2h<15 9́7ß , corresponded to a prim- data to account for this phenomenon. Data were reduced
itive triclinic cell. Based on statistical analysis of intensity by the teXsan data reduction program [1]; a semi-
distribution, and the successful solution and re® nement empirical absorption correction based on y-scans [1]
of the structure, the space group was determined to was applied. The transmission factors range from 0 6́4
be P1± . to 1 0́0. The data were corrected for Lorentz and polar-

The data were collected at a temperature of 20 Ô 1 ß C ization e� ects. The structure was solved by direct
using the v ± 2h scan technique to a maximum 2h value methods SHELXS86 [2].

All the non-hydrogen atoms were revealed in the
® rst map. Full-matrix least-squares re® nement based
on 3205 observed re¯ ections (I>2s (I )) with isotropic*Author for correspondence.
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362 V. Surendranath et al.

Table 1. Atomic coordinates and Ueq of non-hydrogen atoms.

Atom x y z Ueq

C1A Õ 0 2́980(13) Õ 0 7́339(16 ) 0 3́360(14) 0 2́92(11)
C2A Õ 0 2́265(10) Õ 0 7́405(18 ) 0 3́669(20) 0 3́28(14)
C3A Õ 0 2́000(13) Õ 0 6́513(12 ) 0 3́160(13) 0 3́17(12)
C4A Õ 0 1́595(11) Õ 0 5́924(9 ) 0 3́562 (11) 0 2́29(7)
C5A Õ 0 1́182(9) Õ 0 5́284(9 ) 0 3́008 (10) 0 2́32(7)
C6A Õ 0 0́649(8) Õ 0 4́725(7 ) 0 3́545(8 ) 0 1́67(4)
C7A Õ 0 0́160(8) Õ 0 4́106(6 ) 0 3́101(8 ) 0 1́13(3)
C8A Õ 0 0́568(6) Õ 0 3́625(6 ) 0 2́363(7 ) 0 1́13(3)
C9A Õ 0 0́121(5) Õ 0 3́034(5 ) 0 1́993(6 ) 0 0́99(2)
C10A 0 0́753(5) Õ 0 2́924(6 ) 0 2́351(7 ) 0 0́92(2)
C11A 0 1́152(6) Õ 0 3́412(6 ) 0 3́083(8 ) 0 1́12(3)
C12A 0 0́697(8) Õ 0 4́010(6 ) 0 3́437(7 ) 0 1́22(3)
C13A 0 1́262(6) Õ 0 2́282(6 ) 0 2́007(7 ) 0 1́05(3)
O14A 0 2́039(4 ) Õ 0 2́216(4) 0 2́272(6 ) 0 1́84 (3 )
O15A 0 0́820(3 ) Õ 0 1́804(4) 0 1́365(4 ) 0 1́04 (2 )
C16A 0 1́143(4) Õ 0 1́177(5 ) 0 0́888(6 ) 0 0́87(2)
C17A 0 0́613(5) Õ 0 0́978(5 ) 0 0́014(7 ) 0 0́99(2)
C18A 0 0́805(5) Õ 0 0́331(6 ) Õ 0 0́528(6 ) 0 1́01(2)
C19A 0 1́593(4) 0 0́093 (5 ) Õ 0 0́149(6 ) 0 0́76(2)
C20A 0 2́114(5) Õ 0 0́085(5 ) 0 0́698(6 ) 0 0́85(2)
C21A 0 1́934(4) Õ 0 0́729(5 ) 0 1́264(6 ) 0 0́95(2)
C22A 0 1́963(5) 0 0́811 (5 ) Õ 0 0́543(6 ) 0 0́85(2)
C23A 0 2́748(5) 0 1́044 (5 ) 0 0́116(6 ) 0 0́90(2)
C24A 0 2́891(4) 0 0́511 (4 ) 0 0́993(5 ) 0 0́86(2)
C25A 0 1́684(5) 0 1́258 (5 ) Õ 0 1́366(6 ) 0 0́97(2)
C26A 0 2́196(7) 0 1́893 (6 ) Õ 0 1́557(6 ) 0 1́09(3)
C27A 0 2́970(6) 0 2́109 (6 ) Õ 0 0́920(7 ) 0 1́08(3)
C28A 0 3́260(5) 0 1́701 (5 ) Õ 0 0́076(6 ) 0 0́96(2)
O29A 0 3́599(5 ) 0 2́724(5) Õ 0 1́138(5 ) 0 1́39 (3 )
C30A 0 3́400(7) 0 3́467(12 ) Õ 0 1́151(7 ) 0 1́57(6)
O31A 0 2́691(5 ) 0 3́694(4) Õ 0 1́032(5 ) 0 1́51 (2 )
C32A 0 4́029(6) 0 4́097 (9 ) Õ 0 1́308(6 ) 0 1́14(3)
C33A 0 3́918(8) 0 4́917(10 ) Õ 0 1́207(8 ) 0 1́50(4)
C34A 0 4́516(10) 0 5́475(8 ) Õ 0 1́304(7 ) 0 1́46(4)
C35A 0 5́250(7) 0 5́249 (9 ) Õ 0 1́503(6 ) 0 1́19(3)
C36A 0 5́371(6) 0 4́449 (8 ) Õ 0 1́594(7 ) 0 1́22(3)
C37A 0 4́766(7) 0 3́842 (6 ) Õ 0 1́499(6 ) 0 1́24(3)
C38A 0 5́892(6) 0 5́955 (6 ) Õ 0 1́589(7 ) 0 1́51(4)
C39A 0 5́669(5) 0 6́325 (5 ) Õ 0 2́578(7 ) 0 1́19(3)
C40A 0 6́310(5) 0 6́995 (5 ) Õ 0 2́702(7 ) 0 1́26(3)
C41A 0 6́078(5) 0 7́343 (5 ) Õ 0 3́672(6 ) 0 1́09(3)
C42A 0 6́703(5) 0 8́002 (5 ) Õ 0 3́831(8 ) 0 1́29(3)
C43A 0 6́479(6) 0 8́360 (6 ) Õ 0 4́812(8 ) 0 1́56(4)
O44A 0 3́653(3 ) 0 0́030(3) 0 1́064(3 ) 0 0́98 (2 )
C45A 0 4́398(6) 0 0́377 (7 ) 0 1́614(7 ) 0 1́16(3)
O46A 0 4́422(4 ) 0 1́061(5) 0 2́014(5 ) 0 1́63 (3 )
C47A 0 5́110(6) Õ 0 0́109(8 ) 0 1́600(7 ) 0 1́62(4)
C1B 0 6́155(8) Õ 0 9́641(8 ) 0 6́076 (11) 0 2́22(7)
C2B 0 5́907(7) Õ 0 8́850(9) 0 6́443 (8 ) 0 1́80 (5 )
C3B 0 6́112(6) Õ 0 8́151(8) 0 5́879 (9 ) 0 1́69 (4 )
C4B 0 5́922(7) Õ 0 7́276(8) 0 6́236 (8 ) 0 1́66 (4 )
C5B 0 6́257(5) Õ 0 6́589(7) 0 5́692 (8 ) 0 1́45 (4 )
C6B 0 6́145(7) Õ 0 5́761(6) 0 5́996 (8 ) 0 1́51 (4 )
C7B 0 6́592(6) Õ 0 5́101(5) 0 5́541 (9 ) 0 1́11 (3 )
C8B 0 7́324(6) Õ 0 4́666(6) 0 6́088 (6 ) 0 1́14 (3 )
C9B 0 7́731(5) Õ 0 4́056(5) 0 5́692 (7 ) 0 0́96 (2 )
C10B 0 7́436(4) Õ 0 3́859(5) 0 4́731 (6 ) 0 0́82 (2 )
C11B 0 6́707(5) Õ 0 4́296(5) 0 4́168 (6 ) 0 0́99 (2 )
C12B 0 6́307(5) Õ 0 4́908(6) 0 4́576 (9 ) 0 1́21 (3 )
C13B 0 7́843(5) Õ 0 3́204(5) 0 4́284 (7 ) 0 0́94 (2 )
O14B 0 7́641(4 ) Õ 0 3́049(4 ) 0 3́458(5) 0 1́29 (2 )
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363Crystal structure of di-(2,7-disubs tituted-9 ¯ uorenyl )glutamate

Table 1. (continued ).

Atom x y z Ueq

O15B 0 8́524(3 ) Õ 0 2́818(3 ) 0 4́942(3) 0 1́01 (2 )
C16B 0 9́004(6) Õ 0 2́182(6) 0 4́602 (5 ) 0 0́91 (2 )
C17B 0 9́831(5) Õ 0 2́338(5) 0 4́588 (5 ) 0 1́00 (2 )
C18B 1 0́300(5) Õ 0 1́706(6) 0 4́278 (5 ) 0 0́93 (2 )
C19B 0 9́949(4) Õ 0 0́974(6) 0 4́002 (5 ) 0 0́80 (2 )
C20B 0 9́118(5) Õ 0 0́829(5) 0 4́072 (5 ) 0 0́83 (2 )
C21B 0 8́621(5) Õ 0 1́441(6) 0 4́375 (5 ) 0 0́88 (2 )
C22B 1 0́294(5) Õ 0 0́232(5) 0 3́621 (5 ) 0 0́79 (2 )
C23B 0 9́695(4) 0 0́363(6) 0 3́459 (5 ) 0 0́79 (2 )
C24B 0 8́891(4) 0 0́059(5) 0 3́786 (5 ) 0 0́83 (2 )
C25B 1 0́95 (5) Õ 0 0́083(6) 0 3́460 (6 ) 0 0́97 (2 )
C26B 1 1́258(5) 0 0́648(6) 0 3́080 (7 ) 0 1́09 (3 )
C27B 1 0́631(6) 0 1́190(6) 0 2́911 (6 ) 0 1́04 (3 )
C28B 0 9́824(4) 0 1́090(5) 0 3́076 (5 ) 0 0́89 (2 )
O29B 1 0́715(5 ) 0 2́055(7 ) 0 2́563(6) 0 1́85 (5 )
C30B 1 0́965(8) 0 2́054(7 ) 0 2́002 (10) 0 1́67(7)
O31B 1 1́376(5 ) 0 1́571(5 ) 0 1́498(5) 0 1́78 (3 )
C32B 1 1́125(7) 0 3́007(6 ) 0 1́446 (11) 0 1́18(3)
C33B 1 1́499(7) 0 3́184(11 ) 0 0́785(10) 0 1́51(5)
C34B 1 1́513(7) 0 3́931(12 ) 0 0́470(8 ) 0 1́39(5)
C35B 1 1́171(7) 0 4́591(8 ) 0 0́811 (10) 0 1́24(3)
C36B 1 0́773(7) 0 4́424(10 ) 0 1́562(12) 0 1́52(4)
C37B 1 0́746(6) 0 3́578(14 ) 0 1́866(6 ) 0 1́37(4)
C38B 1 1́232(8) 0 5́392(8 ) 0 0́312 (11) 0 2́27(7)
C39B 1 1́970(7) 0 5́845(8) 0 0́474 (9 ) 0 1́79 (5 )
C40B 1 2́016(9) 0 6́634(8) Õ 0 0́068(9 ) 0 2́01 (5 )
C41B 1 2́854(9) 0 7́022(8 ) 0 0́128 (10) 0 2́12(6)
C42B 1 2́960(10) 0 7́811(8 ) Õ 0 0́344(10) 0 2́14(6)
C43B 1 3́848(11) 0 8́083(9 ) Õ 0 0́220(12) 0 2́69(9)
O44B 0 8́150(3) 0 0́056(3 ) 0 2́968 (3 ) 0 0́851(13 )
C45B 0 7́380(5) 0 0́119(5) 0 3́176 (7 ) 0 0́98 (2 )
O46B 0 7́353(3 ) 0 0́188(4 ) 0 4́016(5) 0 1́24 (2 )
C47B 0 6́666(5) 0 0́018(5) 0 2́323 (6 ) 0 1́20 (3 )
C48 0 5́877(5 ) 0 0́110(8 ) 0 2́449(7) 0 1́99(6)

temperature factors for all the atoms converged the Anisotropic thermal parameters (Uij ) for non-hydrogen
atoms are listed in table 2. Tables 3 and 4 give bondresiduals to R1=0 1́24 and vR2=0 5́478. At this stage,

the hydrogen atoms were generated and placed at a dis- distances and angles of the non-hydrogen atoms,
respectively. Table 5 lists the hydrogen bonds in thetance of 0 9́8 AÊ from the parent atom. The isotropic

temperature factors of the hydrogen atoms were set to structure.
Figure 1 represents the ORTEP [4] diagram of the1 2́ times the equivalent isotropic temperature factor of

the parent atom; they were not re® ned. The non-hydrogen molecule. Figures 2, 3 and 4 show the packing of the
molecules in the unit cell, which are projected down theatoms were re® ned anisotropically. The ® nal cycle of full-

matrix least-squares re® nement (SHELXL93[3]) was a, b and c axes, respectively.
The bond distances and angles are in good agreementbased on 3205 observed re¯ ections (I >2s(I )) and 939

variable parameters. The ® nal residuals were R1=0 0́97 with those of other mesogenic materials containing
either phenyl or cyclohexane rings [5]. Some disorderand vR2=0 2́8. In the ® nal di� erence map, the maxi-

mum and minimum electron densities were 0 7́3 and is observed in atoms O14A, C30A, C29B, C30B, C37B
and C48. However, this trend is found in many ofÕ 0 2́6 e Õ AÊ Õ

3 respectively.
the structures of mesogenic materials reported in the
literature [5]; this is attributed to geometrical aniso-3. Results and discussion

The ® nal coordinates with equivalent isotropic tem- tropy of the molecule. The crystalline cohesion is due to
van der Waals interaction. The torsion angles indicateperature factors for all atoms are given in table 1.
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Table 2. Anisotropic displacement parameters (AÊ 2 ) for non-hydrogen atoms.

Atom U11 U22 U33 U23 U13 U12

C1A 0 3́04(27 ) 0 3́70 (26) 0 2́53 (23) 0 0́21(19) 0 1́55 (22 ) 0 0́51 (28)
C2A 0 1́74(16 ) 0 4́15 (31) 0 3́85 (29) 0 1́29(23) 0 0́54 (19 ) Õ 0 0́27(21)
C3A 0 4́50(30 ) 0 2́63 (21) 0 2́72 (22) 0 0́07(16) 0 1́87 (20 ) Õ 0 1́96(20)
C4A 0 3́11(20 ) 0 1́49 (12) 0 2́53 (17) 0 0́01(11) 0 1́33 (15 ) Õ 0 0́74(12)
C5A 0 3́04(16 ) 0 1́97 (13) 0 1́90 (13) Õ 0 0́15(10) 0 0́77 (12 ) Õ 0 1́31(12)
C6A 0 2́16(12 ) 0 1́30 (9 ) 0 1́79 (11) 0 0́05(8) 0 1́00 (10 ) Õ 0 0́15(8 )
C7A 0 1́23(9 ) 0 1́18 (8 ) 0 1́03 (8 ) Õ 0 0́07(6) 0 0́40 (7 ) Õ 0 0́06(7 )
C8A 0 0́95(6 ) 0 1́32 (8 ) 0 1́08 (7 ) Õ 0 0́10(6) 0 0́27 (6 ) Õ 0 0́25(6 )
C9A 0 0́83(6 ) 0 1́01 (6 ) 0 1́08 (6 ) Õ 0 0́06(5) 0 0́15 (5 ) 0 0́05 (5 )
C10A 0 0́67(6 ) 0 1́03 (7 ) 0 0́99 (6 ) Õ 0 0́21(5) 0 0́09 (5 ) 0 0́02 (5 )
C11A 0 0́97(6 ) 0 1́10 (7 ) 0 1́24 (8 ) Õ 0 0́09(6) 0 0́21 (6 ) 0 0́08 (6 )
C12A 0 1́44(10 ) 0 1́04 (8 ) 0 1́16 (7 ) Õ 0 0́07(6) 0 0́28 (7 ) 0 0́18 (7 )
C13A 0 0́70(6 ) 0 1́06 (7 ) 0 1́18 (7 ) Õ 0 0́10(6) Õ 0 0́09(5 ) Õ 0 0́07(6 )
O14A 0 0́90(4 ) 0 1́74(6) 0 2́56 (8 ) 0 0́76 (6 ) Õ 0 0́11(5 ) Õ 0 0́31(4)
O15A 0 0́67(3 ) 0 1́18(5) 0 1́19 (5 ) 0 0́03 (4 ) 0 0́15 (3 ) Õ 0 0́18(3)
C16A 0 0́57(5 ) 0 1́02 (6 ) 0 0́95 (6 ) Õ 0 0́14(5) 0 0́09 (5 ) Õ 0 0́02(4 )
C17A 0 0́67(5 ) 0 1́19 (7 ) 0 0́99 (6 ) Õ 0 0́23(5) 0 0́03 (5 ) Õ 0 0́08(5 )
C18A 0 0́82(6 ) 0 1́24 (7 ) 0 0́89 (6 ) Õ 0 0́21(5) 0 0́11 (5 ) Õ 0 0́04(5 )
C19A 0 0́55(4 ) 0 0́97 (6 ) 0 0́68 (5 ) Õ 0 0́15(4) 0 0́00 (4 ) 0 0́15 (4 )
C20A 0 0́76(5 ) 0 0́92 (6 ) 0 0́88 (6 ) Õ 0 0́07(5) 0 0́28 (5 ) Õ 0 0́11(4 )
C21A 0 0́63(5 ) 0 1́18 (7 ) 0 0́94 (6 ) Õ 0 0́25(5) 0 0́03 (4 ) Õ 0 0́03(5 )
C22A 0 0́80(5 ) 0 1́06 (6 ) 0 0́65 (5 ) Õ 0 0́11(5) 0 0́12 (4 ) 0 0́02 (5 )
C23A 0 0́95(6 ) 0 0́96 (6 ) 0 0́76 (6 ) Õ 0 0́06(5) 0 0́20 (5 ) Õ 0 0́02(5 )
C24A 0 0́49(4 ) 0 0́99 (6 ) 0 1́00 (6 ) Õ 0 0́03(5) 0 0́04 (4 ) Õ 0 0́09(4 )
C25A 0 1́02(6 ) 0 1́01 (6 ) 0 0́85 (7 ) Õ 0 0́22(5) 0 0́22 (5 ) Õ 0 0́12(5 )
C26A 0 1́36(8 ) 0 1́10 (7 ) 0 0́75 (6 ) Õ 0 0́03(5) 0 0́16 (6 ) 0 0́19 (6 )
C27A 0 1́28(8 ) 0 1́16 (7 ) 0 0́82 (7 ) Õ 0 0́12(6) 0 0́38 (6 ) Õ 0 0́20(6 )
C28A 0 1́10(6 ) 0 0́95 (6 ) 0 0́80 (6 ) Õ 0 0́11(5) 0 0́21 (5 ) Õ 0 0́06(5 )
O29A 0 1́57(6 ) 0 1́11(5) 0 1́31 (5 ) 0 0́16 (4 ) 0 0́07 (4 ) Õ 0 0́17(5)
C30A 0 1́13(9 ) 0 2́81 (19) 0 0́84 (7 ) Õ 0 0́16(9) 0 0́33 (6 ) 0 0́49 (13)
O31A 0 1́48(6 ) 0 1́59(6) 0 1́57 (6 ) Õ 0 0́29(4 ) 0 0́67 (5 ) Õ 0 0́10(5)
C32A 0 0́80(7 ) 0 1́76 (11) 0 0́87 (6 ) 0 0́08(6) 0 0́32 (5 ) Õ 0 0́61(7 )
C33A 0 1́47(11 ) 0 1́66 (12) 0 1́42 (9 ) Õ 0 0́13(9) 0 0́51 (7 ) Õ 0 0́21(9 )
C34A 0 1́57(11 ) 0 1́53 (11) 0 1́18 (8 ) Õ 0 0́09(7) 0 0́18 (8 ) Õ 0 0́01(10)
C35A 0 0́94(7 ) 0 1́79 (13) 0 0́83 (6 ) 0 0́11(7) 0 0́21 (5 ) Õ 0 0́04(8 )
C36A 0 1́14(8 ) 0 1́12 (8 ) 0 1́43 (8 ) 0 0́02(7) 0 0́34 (6 ) 0 0́10 (7 )
C37A 0 1́17(8 ) 0 1́30 (8 ) 0 1́22 (7 ) 0 0́13(6) 0 0́31 (6 ) Õ 0 0́34(7 )
C38A 0 1́62(9 ) 0 1́36 (8 ) 0 1́30 (9 ) 0 0́14(7) 0 0́05 (7 ) Õ 0 0́55(7 )
C39A 0 1́19(7 ) 0 1́21 (7 ) 0 1́12 (7 ) Õ 0 0́18(6) 0 0́32 (5 ) Õ 0 0́30(6 )
C40A 0 1́31(8 ) 0 1́10 (7 ) 0 1́25 (8 ) Õ 0 0́27(6) 0 0́21 (6 ) Õ 0 0́46(6 )
C41A 0 0́91(6 ) 0 1́16 (7 ) 0 1́21 (7 ) Õ 0 0́05(6) 0 0́34 (5 ) Õ 0 0́21(5 )
C42A 0 1́07(6 ) 0 1́01 (7 ) 0 1́73 (10) Õ 0 0́07(6) 0 0́33 (6 ) Õ 0 0́35(5 )
C43A 0 1́20(8 ) 0 1́63 (10) 0 1́99 (11) 0 0́28(8) 0 0́73 (8 ) Õ 0 0́28(7 )
O44A 0 0́60(3 ) 0 1́14(4) 0 1́08 (4 ) Õ 0 0́05(3 ) 0 0́07 (3 ) Õ 0 0́27(3)
C45A 0 0́81(7 ) 0 1́56 (10) 0 1́10 (7 ) Õ 0 0́05(7) 0 0́25 (6 ) Õ 0 0́18(7 )
O46A 0 1́19(5 ) 0 1́78(7) 0 1́65 (6 ) Õ 0 0́43(5 ) 0 0́01 (4 ) Õ 0 0́43(5)
C47A 0 0́78(6 ) 0 2́61 (13) 0 1́39 (9 ) 0 0́07(8) 0 0́21 (6 ) Õ 0 0́41(8 )
C1B 0 2́37 (15) 0 1́30 (10) 0 3́07 (19) Õ 0 0́42(11 ) 0 0́83 (13) 0 0́35 (10)
C2B 0 1́34 (9 ) 0 2́19 (14) 0 1́79 (11) 0 0́72 (11 ) 0 0́29 (8 ) Õ 0 0́45(9)
C3B 0 1́30 (8 ) 0 1́63 (11) 0 2́02 (12) 0 0́33 (10 ) 0 0́27 (8 ) Õ 0 0́42(8)
C4B 0 1́68 (10) 0 1́50 (10) 0 1́61 (10) 0 0́28 (8 ) 0 0́17 (7 ) Õ 0 0́42(8)
C5B 0 0́98 (6 ) 0 1́29 (9 ) 0 2́07 (11) 0 0́25 (8 ) 0 0́38 (7 ) Õ 0 0́15(6)
C6B 0 1́81 (10) 0 1́06 (8 ) 0 1́93 (11) 0 0́12 (7 ) 0 0́96 (8 ) Õ 0 0́11(7)
C7B 0 1́04 (7 ) 0 0́96 (7 ) 0 1́43 (9 ) 0 0́01 (7 ) 0 0́50 (7 ) Õ 0 0́04(6)
C8B 0 1́34 (8 ) 0 1́15 (7 ) 0 0́98 (6 ) 0 0́00 (6 ) 0 0́38 (6 ) 0 0́11 (6)
C9B 0 1́05 (6 ) 0 0́86 (6 ) 0 0́99 (7 ) 0 0́00 (5 ) 0 0́30 (5 ) Õ 0 0́05(5)
C10B 0 0́83 (5 ) 0 0́89 (6 ) 0 0́72 (6 ) Õ 0 0́12(5 ) 0 0́18 (4 ) 0 0́01 (4)
C11B 0 0́94 (6 ) 0 0́96 (6 ) 0 0́99 (6 ) 0 0́04 (5 ) 0 0́14 (5 ) Õ 0 0́14(5)
C12B 0 0́95 (6 ) 0 1́26 (8 ) 0 1́38 (9 ) Õ 0 0́13(7 ) 0 0́29 (6 ) Õ 0 0́34(5)
C13B 0 0́92 (6 ) 0 1́10 (7 ) 0 0́84 (6 ) Õ 0 0́15(6 ) 0 0́32 (5 ) Õ 0 0́19(5)
O14B 0 1́59(5) 0 1́38 (5 ) 0 0́81 (4) Õ 0 0́08(4) 0 0́27(4) Õ 0 0́54(4 )
O15B 0 0́97(4) 0 1́22 (4 ) 0 0́76 (3) Õ 0 0́10(3) 0 0́11(3) Õ 0 0́23(3 )
C16B 0 0́96 (7 ) 0 0́97 (7 ) 0 0́72 (5 ) Õ 0 0́09(5 ) 0 0́16 (4 ) Õ 0 0́27(6)
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Table 2. (continued ).

Atom U11 U22 U33 U23 U13 U12

C17B 0 0́79(6 ) 0 1́02 (7 ) 0 1́12 (6 ) Õ 0 0́40(5 ) 0 0́15 (5 ) 0 0́02 (5)
C18B 0 0́75 (5 ) 0 1́00 (7 ) 0 1́03 (6 ) Õ 0 0́37(5 ) 0 0́26 (4 ) Õ 0 0́17(6)
C19B 0 0́54 (5 ) 0 0́96 (7 ) 0 0́87 (5 ) Õ 0 0́17(5 ) 0 0́13 (4 ) 0 0́05 (5)
C20B 0 0́72 (5 ) 0 0́97 (6 ) 0 0́76 (5 ) Õ 0 0́31(4 ) 0 0́22 (4 ) Õ 0 0́23(5)
C21B 0 0́78 (5 ) 0 1́04 (6 ) 0 0́82 (5 ) Õ 0 0́15(5 ) 0 0́23 (4 ) Õ 0 0́23(5)
C22B 0 0́63 (5 ) 0 0́89 (6 ) 0 0́79 (5 ) Õ 0 0́26(4 ) 0 0́14 (4 ) Õ 0 0́18(5)
C23B 0 0́50 (4 ) 0 1́03 (6 ) 0 0́84 (5 ) Õ 0 0́31(4 ) 0 0́25 (4 ) Õ 0 0́22(5)
C24B 0 0́51 (4 ) 0 1́02 (6 ) 0 0́89 (5 ) Õ 0 0́08(4 ) 0 0́09 (4 ) Õ 0 0́30(4)
C25B 0 0́67 (6 ) 0 1́08 (7 ) 0 1́21 (7 ) Õ 0 0́25(5 ) 0 0́40 (4 ) Õ 0 0́16(5)
C26B 0 0́54 (5 ) 0 1́10 (8 ) 0 1́68 (8 ) Õ 0 0́32(6 ) 0 0́42 (5 ) Õ 0 0́05(5)
C27B 0 0́96 (7 ) 0 1́10 (7 ) 0 1́10 (6 ) Õ 0 0́15(5 ) 0 0́46 (5 ) Õ 0 0́62(6)
C28B 0 0́69 (5 ) 0 1́06 (7 ) 0 0́99 (6 ) Õ 0 0́25(5 ) 0 0́40 (4 ) Õ 0 0́33(4)
O29B 0 1́07(5) 0 3́18 (13 ) 0 1́44 (7) Õ 0 0́59(7) 0 0́77(5) Õ 0 0́86(6 )
C30B 0 1́51 (11) 0 0́93 (9 ) 0 1́98 (13) Õ 0 1́10(10 ) Õ 0 0́61(9 ) 0 0́84 (9)
O31B 0 1́76(7) 0 1́56 (6 ) 0 2́02 (7) Õ 0 0́24(5) 0 0́58(5) Õ 0 0́31(5 )
C32B 0 0́73 (6 ) 0 1́24 (9 ) 0 1́42 (10) Õ 0 0́34(8 ) 0 0́07 (6 ) Õ 0 0́15(6)
C33B 0 1́07 (8 ) 0 2́27 (18) 0 1́25 (10) Õ 0 0́40(9 ) 0 0́51 (8 ) Õ 0 0́16(9)
C34B 0 1́31 (8 ) 0 1́83 (13) 0 1́19 (8 ) 0 0́24 (10 ) 0 0́64 (6 ) Õ 0 0́20(10)
C35B 0 0́91 (7 ) 0 1́23 (9 ) 0 1́50 (10) Õ 0 0́11(8 ) 0 0́16 (6 ) 0 0́02 (6)
C36B 0 1́05 (8 ) 0 1́70 (13) 0 1́80 (12) Õ 0 0́74(9 ) 0 0́42 (8 ) 0 0́18 (8)
C37B 0 0́72 (6 ) 0 2́56 (15) 0 0́84 (6 ) Õ 0 0́14(10 ) 0 0́31 (5 ) Õ 0 0́36(9)
C38B 0 1́88 (13) 0 1́42 (10) 0 3́06 (18) 0 0́67 (11 ) Õ 0 0́15(11) Õ 0 0́44(9)
C39B 0 1́86 (11) 0 1́77 (12) 0 1́83 (11) Õ 0 0́48(10 ) 0 0́76 (9 ) Õ 0 0́63(10)
C40B 0 2́76 (17) 0 1́53 (11) 0 1́83 (12) 0 0́18 (9 ) 0 0́84 (11) Õ 0 0́53(11)
C41B 0 2́74 (17) 0 1́37 (10) 0 2́40 (15) 0 0́14 (9 ) 0 1́08 (13) Õ 0 0́76(10)
C42B 0 2́89 (19) 0 1́72 (13) 0 1́97 (13) 0 0́07 (10 ) 0 1́01 (13) Õ 0 0́53(12)
C43B 0 3́29 (22) 0 1́84 (14) 0 2́86 (19) 0 0́24 (12 ) 0 0́76 (17) Õ 0 0́82(15)
O44B 0 0́60(3) 0 1́06 (4 ) 0 0́89 (3) Õ 0 0́15(3) 0 0́24(3) Õ 0 0́13(2 )
C45B 0 0́69 (6 ) 0 1́23 (6 ) 0 1́03 (7 ) Õ 0 0́24(5 ) 0 0́31 (6 ) Õ 0 0́19(4)
O46B 0 0́71(3) 0 1́87 (6 ) 0 1́23 (5) Õ 0 0́06(4) 0 0́41(3) 0 0́04 (3 )
C47B 0 0́66 (5 ) 0 1́66 (8 ) 0 1́20 (7 ) Õ 0 0́13(6 ) 0 0́16 (5 ) Õ 0 0́38(5)
C48 0 0́46(6) 0 3́95 (18 ) 0 1́36 (8 ) Õ 0 0́20(9) Õ 0 0́04(6) Õ 0 0́13(7 )

Table 3. Bond lengths (AÊ ).

Atoms Length Atoms Length Atoms Length Atoms Length

C1A± C2A 1 1́4(2) C23A± C28A 1 4́00(9 ) C1B± C2B 1 4́87 (14 ) C23B± C28B 1 3́43 (9 )
C2A± C3A 1 7́2(3) C23A± C24A 1 5́13(9 ) C2B± C3B 1 4́82 (12 ) C23B± C24B 1 5́59 (8 )
C3A± C4A 1 1́9(2) C24A± O44A 1 4́68(8) C3B± C4B 1 5́69(14) C24B± O44B 1 4́42 (7 )
C4A± C5A 1 5́5(2) C25A± C26A 1 3́73(10) C4B± C5B 1 5́34 (11 ) C25B± C26B 1 3́60 (10)
C5A± C6A 1 3́12(13) C26A± C27A 1 3́70(10) C5B± C6B 1 4́37 (11 ) C26B± C27B 1 3́46 (10)
C6A± C7A 1 5́05(12) C27A± C28A 1 3́72(10) C6B± C7B 1 5́18 (11 ) C27B± C28B 1 3́90 (10)
C7A± C12A 1 3́45(11) C27A± O29A 1 4́91(10) C7B± C12B 1 3́85(11) C27B± O29B 1 5́12 (14)
C7A± C8A 1 3́67(11) O29A± C30A 1 2́61(14) C7B± C8B 1 3́94(11) O29B± C30B 0 9́9(2)
C8A± C9A 1 3́75(10) C30A± O31A 1 2́69(10) C8B± C9B 1 3́78(10) C30B± O31B 1 3́58 (12)
C9A± C10A 1 3́75(9 ) C30A± C32A 1 4́8(2) C9B± C10B 1 3́82 (9 ) C30B± C32B 1 7́9(2)
C10A± C11A 1 3́65(10) C32A± C37A 1 3́67(12) C10B± C11B 1 4́00 (9 ) C32B± C33B 1 2́81 (13)
C10A± C13A 1 4́72(11) C32A± C33A 1 3́60(13) C10B± C13B 1 4́71 (10 ) C32B± C37B 1 3́46 (13)
C11A± C12A 1 3́79(11) C33A± C34A 1 3́35(13) C11B± C12B 1 3́84 (10 ) C33B± C34B 1 3́03 (14)
C13A± O14A 1 2́15(9 ) C34A± C35A 1 3́54(12) C13B± O14B 1 1́78 (8 ) C34B± C35B 1 3́65 (13)
C13A± O15A 1 2́99(9 ) C35A± C36A 1 3́29(12) C13B± O15B 1 3́69 (8 ) C35B± C36B 1 4́16 (14)
O15A± C16A 1 3́96(8 ) C35A± C38A 1 5́44(12) O15B± C16B 1 4́35 (8 ) C35B± C38B 1 5́07 (14)
C16A± C17A 1 3́72(9 ) C36A± C37A 1 3́94(11) C16B± C21B 1 3́80 (10 ) C36B± C37B 1 4́52 (14)
C16A± C21A 1 4́17(9 ) C38A± C39A 1 5́11(10) C16B± C17B 1 3́76 (10 ) C38B± C39B 1 3́42 (12)
C17A± C18A 1 3́90(9 ) C39A± C40A 1 5́18(9 ) C17B± C18B 1 4́00 (9 ) C39B± C40B 1 5́20 (14)
C18A± C19A 1 3́96(9 ) C40A± C41A 1 4́72(10) C18B± C19B 1 3́57 (9 ) C40B± C41B 1 4́28 (14)
C19A± C20A 1 3́29(8 ) C41A± C42A 1 5́04(9 ) C19B± C20B 1 4́03 (9 ) C41B± C42B 1 4́84 (14)
C19A± C22A 1 4́76(10) C42A± C43A 1 4́93(11) C19B± C22B 1 4́81 (9 ) C42B± C43B 1 4́5(2)
C20A± C21A 1 4́02(9 ) O44A± C45A 1 3́52(10) C20B± C21B 1 3́97(9) O44B± C45B 1 3́61 (8 )
C20A± C24A 1 5́18(9 ) C45A± O46A 1 2́34(10) C20B± C24B 1 5́39(9) C45B± O46B 1 2́18 (8 )
C22A± C25A 1 3́79(9 ) C45A± C47A 1 4́25(12) C22B± C23B 1 3́75 (9 ) C45B± C47B 1 4́47 (10)
C22A± C23A 1 4́03(9 ) C47A± C48 1 5́18 (11) C22B± C25B 1 3́86 (9 ) C47B± C48 1 3́47 (10)
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Table 4. Bond angles ( ß ).

Atoms Angle Atoms Angle

C1A± C2A± C3A 93 2́(25) C22A± C23A± C24A 110 0́ (7)
C4A± C3A± C2A 127 7́ (19) C28A± C23A± C24A 129 4́ (7)
C3A± C4A± C5A 121 4́ (16) O44A± C24A± C23A 109 7́ (6 )
C6A± C5A± C4A 116 0́ (12) O44A± C24A± C20A 107 3́ (6 )
C5A± C6A± C7A 121 2́ (11) C23A± C24A± C20A 100 9́ (6)
C12A± C7A± C8A 118 6́ (10) C26A± C25A± C22A 119 8́ (8)
C12A± C7A± C6A 119 9́ (12) C25A± C26A± C27A 120 8́ (8)
C8A± C7A± C6A 121 5́ (11) C28A± C27A± C26A 121 5́ (8)
C7A± C8A± C9A 121 0́ (8 ) C28A± C27A± O29A 114 9́ (9 )
C8A± C9A± C10A 120 3́ (8 ) C26A± C27A± O29A 123 2́ (9 )
C11A± C10A± C9A 118 0́ (9 ) C27A± C28A± C23A 118 1́ (8)
C11A± C10A± C13A 119 3́ (8 ) C30A± O29A± C27A 116 3́ (10)
C9A± C10A± C13A 122 7́ (9 ) O31A± C30A± O29A 123 1́(15)
C10A± C11A± C12A 121 0́ (9 ) O31A± C30A± C32A 119 1́ (15)
C7A± C12A± C11A 120 9́ (10) O29A± C30A± C32A 117 7́ (11)
O14A± C13A± O15A 121 8́ (9 ) C37A± C32A± C33A 119 6́(9)
O14A± C13A± C10A 123 1́ (9 ) C37A± C32A± C30A 118 6́ (13)
O15A± C13A± C10A 115 0́ (8 ) C33A± C32A± C30A 121 6́ (13)
C13A± O15A± C16A 126 7́ (6 ) C34A± C33A± C32A 120 6́ (12)
C17A± C16A± O15A 115 1́ (7 ) C33A± C34A± C35A 121 5́ (12)
C17A± C16A± C21A 120 0́ (8 ) C36A± C35A± C34A 118 4́ (11)
O15A± C16A± C21A 124 7́ (8 ) C36A± C35A± C38A 125 2́ (11)
C16A± C17A± C18A 122 9́ (7 ) C34A± C35A± C38A 116 3́ (14)
C17A± C18A± C19A 116 0́ (7 ) C35A± C36A± C37A 122 2́ (9)
C20A± C19A± C18A 122 2́ (8 ) C32A± C37A± C36A 117 5́ (9)
C20A± C19A± C22A 109 2́ (7 ) C39A± C38A± C35A 112 3́ (7)
C18A± C19A± C22A 128 5́ (8 ) C40A± C39A± C38A 113 7́ (7)
C19A± C20A± C21A 123 1́ (7 ) C41A± C40A± C39A 112 5́ (7)
C19A± C20A± C24A 112 2́ (7 ) C40A± C41A± C42A 114 2́ (7)
C21A± C20A± C24A 124 7́ (7 ) C43A± C42A± C41A 114 9́ (8)
C20A± C21A± C16A 115 8́ (7 ) C45A± O44A± C24A 115 7́ (7 )
C25A± C22A± C23A 119 2́ (8 ) O46A± C45A± O44A 120 9́(10)
C25A± C22A± C19A 133 3́ (7 ) O46A± C45A± C47A 126 9́ (10)
C23A± C22A± C19A 107 5́ (7 ) O44A± C45A± C47A 112 0́ (10)
C22A± C23A± C28A 120 6́ (8 ) C45A± C47A± C48 111 9́ (10 )
C3B± C2B± C1B 110 8́ (11) C22B± C23B± C24B 110 0́ (7 )
C2B± C3B± C4B 115 3́ (11) O44B± C24B± C23B 108 9́(5)
C5B± C4B± C3B 111 4́ (9 ) O44B± C24B± C20B 110 5́(5)
C6B± C5B± C4B 115 6́ (9 ) C23B± C24B± C20B 101 3́ (6 )
C5B± C6B± C7B 114 1́ (8 ) C26B± C25B± C22B 118 4́ (8 )
C12B± C7B± C8B 116 9́ (8 ) C27B± C26B± C25B 117 2́ (8 )
C12B± C7B± C6B 122 5́ (10) C26B± C27B± C28B 127 5́ (8 )
C8B± C7B± C6B 120 6́ (11) C26B± C27B± O29B 124 8́(8)
C9B± C8B± C7B 121 5́ (9 ) C28B± C27B± O29B 107 6́(9)
C8B± C9B± C10B 121 3́ (8 ) C23B± C28B± C27B 113 2́ (8 )
C9B± C10B± C11B 118 0́ (7 ) C30B± O29B± C27B 110 9́(13)
C9B± C10B± C13B 123 0́ (7 ) O29B± C30B± O31B 142 4́ (17 )
C11B± C10B± C13B 118 9́ (8 ) O29B± C30B± C32B 119 7́(12)
C12B± C11B± C10B 120 0́ (8 ) O31B± C30B± C32B 97 1́(13)
C7B± C12B± C11B 122 3́ (8 ) C33B± C32B± C37B 122 3́ (12)
O14B± C13B± O15B 123 5́ (8 ) C33B± C32B± C30B 132 1́ (15 )
O14B± C13B± C10B 125 0́(8) C37B± C32B± C30B 105 7́(16)
O15B± C13B± C10B 111 4́(8) C34B± C33B± C32B 121 1́(13)
C13B± O15B± C16B 117 7́(6) C33B± C34B± C35B 125 1́(12)
C21B± C16B± C17B 124 9́ (8 ) C34B± C35B± C36B 115 3́ (10)
C21B± C16B± O15B 117 5́(8) C34B± C35B± C38B 116 0́(16)
C17B± C16B± O15B 117 5́(9) C36B± C35B± C38B 128 6́(17)
C18B± C17B± C16B 117 0́ (8 ) C35B± C36B± C37B 117 6́ (10)
C19B± C18B± C17B 121 1́ (7 ) C32B± C37B± C36B 118 4́ (10)
C18B± C19B± C20B 119 9́ (8 ) C39B± C38B± C35B 121 7́ (11)
C18B± C19B± C22B 131 4́ (7 ) C38B± C39B± C40B 120 3́ (12)
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Table 4. (continued ).

Atoms Angle Atoms Angle

C20B± C19B± C22B 108 7́ (7 ) C41B± C40B± C39B 114 2́ (12)
C21B± C20B± C19B 121 2́ (8 ) C40B± C41B± C42B 118 3́ (13)
C21B± C20B± C24B 128 8́ (7 ) C43B± C42B± C41B 113 6́ (14)
C19B± C20B± C24B 110 0́ (7 ) C45B± O44B± C24B 116 1́(5)
C16B± C21B± C20B 115 8́ (7 ) O46B± C45B± O44B 119 7́ (7 )
C23B± C22B± C25B 121 0́ (7 ) O46B± C45B± C47B 127 7́(7)
C23B± C22B± C19B 109 7́ (7 ) O44B± C45B± C47B 112 4́(7)
C25B± C22B± C19B 129 2́ (8 ) C48± C47B± C45B 116 8́ (8 )
C28B± C23B± C22B 122 5́ (7 ) C47B± C48± C47A 118 0́ (9)
C28B± C23B± C24B 127 4́ (8 )

Figure 1. ORTEP of the molecule
with 50% probability.

that the end chains assume extended conformation. The molecules. All the phenyl rings are independently
planar.packing of molecules indicates strong imbrication about

all axes. The results are consistent with the necessary
requirement to form a nematic liquid crystal. Packing
of molecules down the a-axis shows the stacking of The authors would like to thank DST, Government

of India for ® nancial assistance under project No.molecules one above the other. The limbs of the bridged
molecule penetrate into the limbs of the neighbouring SP/12/FOO/93.
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Table 5. Hydrogen bond lengths (AÊ ) and angles ( ß ).

Atoms Length Angle

C9A± H9A¼ O15A 2 7́67 98 4́1
C11A± H11A¼ O14A 2 8́13 98 4́3
C21A± H21A¼ O14A 2 8́25 110 7́8
C26A± H26A¼ O31A 3 0́28 88 6́2
C28A± H28A¼ O46A 3 3́04 122 8́8
C33A± H33A¼ O31A 2 8́12 98 4́5
C37A± H37A¼ O29A 2 7́20 98 3́3
C9B± H9B¼ O15B 2 7́27 100 3́9
C11B± H11B¼ O14B 2 8́38 96 6́5
C21B± H21B¼ O46B 3 3́76 120 6́3
C26B± H26B¼ O31B 2 7́84 102 9́9

Figure 2. Packing of molecules down the a-axis. C33B± H33B¼ O31B 2 8́47 97 6́0
C37B± H37B¼ O29B 2 6́88 104 4́7
C48± H48A¼ O46A 2 8́05 108 1́7
C48± H48B¼ O46B 2 8́15 93 5́8
C8A± H8A¼ O31A 3 4́62 164 6́4
C26A± H26A¼ O14B 3 3́96 150 4́5
C25A± H25A¼ O44B 3 1́72 93 3́5
C17A± H17A¼ O31B 3 4́65 151 4́5
C40A± H40A¼ O46A 3 6́21 139 3́7
C4B± H4B¼ O14A 3 5́68 119 4́5
C1B± H1B¼ O46A 3 8́82 156 8́3
C3B± H3B¼ O14A 3 4́61 118 0́1
C34B± H34B¼ O31A 3 2́50 154 9́9

Figure 3. Packing of molecules down the b-axis.
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