Stereochemical Aspects of
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Selected examples showing the influence of molecular shape and
volume (including chirality) on mesomorphic properties, mesophase
structure and physical properties of metallomesogens
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Stereochemical Aspects of Metallomesogens — Example # 3

3rd example: Dirhutenium carboxylates:
Molecular design of columnar LC order
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Stereochemical Aspects of Metallomesogens — Example # 3

3rd example: Dirhutenium carboxylates:
Molecular design of columnar LC order

Metal-Metal bonded systems Laf(‘\\\ w/ Req
O——Ru—
Building Blocks for Req—/<go/ ‘ “\\\o/> Req
Coordination Polymers (O—Ru'—o
Rog o

| — Molecular Structure / LC properties relationship

Il - Model for the Lamellar Crystalline phase of Ru,(O,CR),X series

lll -— A model for the Col,; mesophase of the Ru,(O,CR); series

IV - Magnetic Properties of Ru,(O,CR),X
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Stereoch. Asp. Metallomesogens — Ex. #3 (Stability of Ru,(O,CR),X)

V — Thermal Decomposition / Stability
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Rusjan et al, Solid State lonics 124, 143 (1999)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Stability of Ru,(O,CR),X)
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Rusjan et al, Solid State lonics 159, 389 (2003)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)
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n (long. cadena)

V=S.h=p Vo
Vo = Vpc + 12 (n VCH, + AVCH,)
S = (p/h) [Vpc + 12 AVCH,] + (p/h) 12 n VCH,

Voest= V Ru,(0,CPh),Cl + 12 ((n-1) VCH, + VOCH,)

Checked against results from
dilatometry and flotation experiments

3 independent estimations for h ~ 6.1 — 6.4 A
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

3 independent estimations forh~ 6.1 -6.4 A<7.4 A (=d)

What are the molecular and supramolecular structures
giving rise to this Col, mesophase?

R
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

X/h
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cos’ B=r,2/r,,.> = p=234°

In fact, including the 3Crd dimension: complement of 112°/2 !

e Cl N

Clw/’”"Ru S o ' Na >z
B TN e T y Constraints on ¢ and h
? ) T can be reduced
L.,
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Is the molecular binuclear structure preserved in Col,?
LOCAL PROBES:
1) Molecular Magnetism (SQUID)

25

1,5 1
-
I .
S =3/2. ZFS + 2J Ru,(B30C14),Cl
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D =56 cm™
zJ =-8cm 0 ‘ ‘ ‘ ‘ ‘
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

LOCAL PROBES:

(a) (b) (c) (d) (e)
2) Resonance Raman s =—
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

LOCAL PROBES:
3) EXAFS (basics)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

LOCAL PROBES: 3) EXAFS (basics: signal extraction)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

LOCAL PROBES: 3) EXAFS (basics: signal analysis)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

LOCAL PROBES:

1 Shell 2 Shell
3) EXAFS (RESU"IS) Element O Ru
N 4,04 0,84
FiR) R 1,99 2,29
.36} F AG 1,4%10 1,2%10°¢
F AE -0,67 -2,6
908 /
N XZ 5%10° 6,1*%10°¢
1.58] fo
Ln
-2.00L
-G08k \
-16.58 \
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Binuclear “Molecular” structure
retained in the mesophase
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Proposed Model (2001) Y
i N AN
W Gl
XZ/D 0 | §
Ru v S
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% Yo Sp=sa L
““ 34° Binuclear “Molecular” structure
Pr2=5"<"epo retained in the mesophase
/
Ru
fffffffffffffffffffffffffffffffffff AN
Ru
/
Cl

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Proposed Model (2001) @if
D N =\
W o
XZ/D 0 | §
R v e
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g % B = 340 . |
““ 34° Binuclear “Molecular” structure
©/2 =56« o~y retained in the mesophase
-l 8
Ru i
Ru .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 72— * Orbital overlap
i | * Packing efficency
Cl

_* Microsegregation
Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Proposed Model (2001) @if
. “n (0 /%
— 0 Ilm“‘\\\\ (>/ z
L Y
XZ/D 0 | §
R | v e
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g % B = 340 . |
Ru 34° Binuclear “Molecular” structure
©/2 =56« o~y retained in the mesophase
-l 8
Ru i
Ru .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 72— * Orbital overlap
i | * Packing efficency
Cl

_* Microsegregation

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Proposed Model (2001)

R{l % B — 34°

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens — Ex. #3 (Model for Ru,(B30Cn),Cl)

Proposed Model (2001)

Ru B p=3g

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)

Crystalline structure of a short
chain homolog (2004)

Rul2A)

a

Pry-ciry = 116°
h=6,4 A

® Ru(2C)

Persello, Gbmez, Fagnola, Baggio, et al (to be sent)
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l/counts

l/counts

Stereoch. Asp. Metallomesogens — Ex. #3 (Chiral centers in Ru,(BmOCn),Cl)

VII — Chiral centers at R,,CO, : Preliminary results
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Stereochemical Aspects of Metallomesogens — Example # 4

4th example: Lyotropic polymeric
dirhutenium carboxylates
Supramolecula( changes by solvent addition

v Aims:

- Decrease melting
temperatures

- Decrease viscosity

Compound X Y Z

Ruy(3,4,53-B30C14),Cl |OC,4H,9 OC,4Ha9 OC 3Hag
RU;(3,4-BZOC14}-—!CE 0C|4Hgg OCHHQQ H

Ruy(3,5-B20C14),C1  |OCj4Hyy H 0OC4Hz9

+ C,Hy Rusjan et al, Langmuir. 18, 10116 (2002)
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Stereochemical Aspects of Metallomesogens — Example # 4

4th example: Lyotropic polymeric

dirhutenium carboxylates

Supramolecula( changes by solvent addition
: Aims:

- Decrease melting
temperatures

- Decrease viscosity

Compound X v z 18t observation:
Ruy(3.4,5-B30C14),C1 |OCi4Hyy OCi3Hye OCi3Hze Progressive decrease of
Ruy(3,4-B20C14),Cl  |OC3Hyy OCysHyy H melting temperatures
Rus(3,5-B20C14),C1  |0C,Hy H OC 4Has with added solvent

+ C,Hy Rusjan et al, Langmuir. 18, 10116 (2002)

Stereochemical Aspects of Novel Materials UVCSB — ICMR. Summer School 2005



T(C)

T{°C)

Stereochemical Aspects of Metallomesogens — Example # 4

0 4

100 4

2nd observation: Phase diagrams and sequences

Colh

Caoln

Cr

20

wl % sv

Caln

20

wi % sv
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Stereochemical Aspects of Metallomesogens — Example # 4

0 4

100 4

2nd observation: Phase diagrams and sequences

Colh

Caoln

Cr

20

wl % sv

Caln

20

wi % sv

39 observation: Swelling:-;

of the Col, phase

Stereochemical Aspects of Novel Materials
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Stereochemical Aspects of Metallomesogens — Example # 4

D~
ORI

=
4 observation: Structural analysis of the swelling process
. . C v,
® = volumetric fraction of added sovent d = —
(1-C) v,

Assuming additive volumes:
V=V +V.® = Sh=Sh_ +S_h ©
andh=h, = S/S=1+0 linear (slope =1)
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Stereochemical Aspects of Metallomesogens — Example # 4

Structural analysis of the swelling process

2,0

H 40°C|
317 ® 70°C| -
o] ® 100°C | =
/" 3,4,5-B30C14 1 7 3,5-B20Cl14

00 02 04 06 08 10 12 14 16 1777
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(0]

(o}

2,0
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154
, /
1.4 —

1:3- /

| Samocis

1,0 . ——
0,8 1,0 1,2

S/S.

0,0 0 0,4

[
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Stereochemical Aspects of Metallomesogens — Example # 4

Structural analysis of the swelling process - a possibe
explanation: change in poymeric chains conformation

_ N
@ \;\% R ot
P o + Orbital overlap

> o //\j;
e g‘ﬁ“\\ ( ”k/ﬂ@u N
i% e Sv \/\,Cl %/\/ + Packing efficency

Nf}aié ~ T éu 5 | + Microsegregation
"l o [ L{\:gmj}
N~ ‘“‘u\—’\ d\\’\ /
A 0
AR w\/ﬂ/ﬂqiutﬁkf\/
f\fw Cl _"\/

Added solvent might relax last 2 constraints, allowing the
orbital overlap taking its best value
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

5th example: Columnar mesophases in
rhodium “neutral” coordination polymers

Molecular shape and volume based design of
thermotropic columnar “neutral” coordination polymers

Previous attempts to obtain columnar M,(O,CR),BL- polymers
(Attard, Serrano, Van Hecke, Cukiernik, Chisholm): unsuccesful

Strategy (again!): f> R;

Intracolumnar filling N /@fm
of the intermolecular O—Rh §\

space by using Ry ‘ ?Q
bulky equatorial 2 (%7}“1

carboxylates

~
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

5th example: Columnar mesophases in
rhodium “neutral” coordination polymers

Molecular shape and volume based design of
thermotropic columnar “neutral” coordination polymers

Previous attempts to obtain columnar M,(O,CR),BL- polymers
(Attard, Serrano, Van Hecke, Cukiernik, Chisholm): unsuccesful

|
NN

Strategy (again!): fﬁ
Intracolumnar filling N /\iI
of the intermolecular o0 %/\
space by using R%}< | {}Qm + Job UV/Vis
bulky equatorial Ry, (%—Rh - elem. an.
carboxylates 5 - FTIR

R * NMR
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

5th example: Columnar mesophases in
rhodium “neutral” coordination polymers

Molecular shape and volume based design of
thermotropic columnar “neutral” coordination polymers

Previous attempts to obtain columnar M,(O,CR),BL- polymers
(Attard, Serrano, Van Hecke, Cukiernik, Chisholm): unsuccesful

|
NN

Strategy (again!): fﬁ

Intracolumnar filling N /\iI

of the intermolecular o0 %/\

space by using R%}< | {}Qm + Job UV/Vis

bulky equatorial Ry, (%—Rh - elem. an.

carboxylates 5 - FTIR
R * NMR

Stereochemical Aspects of Novel Materials UVCSB — ICMR. Summer School 2005



Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

| — Mesomorphic behaviour

R; R, Rs pz LC properties
OCnHazn+1 | OCrH2n+1 H -- Coly /I Colg
OCnH2n+1 H OCnH2n+1 - CO||.|
OCnHan+1 | OChH2n+1 | OCrH2n+1 -- Coly
OCnHzn+1 = OCrH2n+1 H YES Colg /I Cub
OCHazn+1 H OCHazn+1 YES Ncol
OCnH2n+1 OCnH2n+1 OCnH2n+1 YES CO||.|

Rusjan et al, Chem. Mater. 14, 1564 (2002)

Stereochemical Aspects of Novel Materials
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Il - Supramolecular models for the precursors

S=(p/h).[V,,+ 4m.AV CH,] + (p/h).[4m.VCH,].n

2400
. 3,4-B20Cn Col.
2000 - h/p=1,95A

1800

—~ 1600+
< 4

o 14004
1900 3,4-B20Cn Col,
1000 h/p=3,95A 3,4,5-B30Cn Col,
800—- / h/p: 7,2A
e e —
8 10 12 14 16 18

n
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Rh,(3,4,5-B30Cn), Series

h/p =7,2(4)A

4.7A
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Rh,(3,4,5-B30Cn), Series

R
o

h/p =7,2(4)A

52A  4,7A
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Rh,(3,4,5-B30Cn), Series

R
o

h/p =7,2(4)A

Stereochemical Aspects of Novel Materials
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Rh,(3,4-B30Cn), Series

Stereochemical Aspects of Novel Materials UVCSB — ICMR, Summer School 2005



Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

lll - LC behavior & Supramolecular models for the polymers

Series LC behaviour
h=7.6 A
Rhy(3,4-B20Cn),pz Colg /I Cub \ correl 130 A (17 units)
Rhy(3,5-B20Cn)4pz  Nco —
Rh,(3,4,5-B20Cn)s,pz Colj o

3000

2500

2000

h=8.7A
correl 80 A (9 units)

1500

Counts

1000

500

T b T * T ./ T ” T ¥ T o 1
0 b 10 15 20 25 30
26
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

lll - LC behavior & Supramolecular models for the polymers

Series LC behaviour
h=7.6 A
Rhy(3,4-B20Cn),pz Colg /I Cub \ correl 130 A (17 units)
Rh,(3,5-B20Cn)4pz | Nco —

Coly =

3000

Rh,(3,4,5-B20Cn),pz

2500

2000

h=8.7A
correl 80 A (9 units)

1500

Counts

1000

500

U H 0 - " T T T Y T T T T T m
0 5 10 15 20 25 30

26
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Rh,(3,4,5-B30Cn),pz series
Experimentalh =7.6 — 8.8 A
Calculated =d = 9.7A

Proposed Model

Stereochemical Aspects of Novel Materials UVCSB — ICMR, Summer School 2005



Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

Rh,(3,4,5-B30Cn),pz series
Experimentalh =7.6 — 8.8 A
Calculated =d = 9.7A

Crystalline structure of a bis-adduct

(N(31)-Rh-Rh’) = 174,57(6)°
(N(32)-N(31)-Rh) = 175,28(6)°
e (N(32)-N(31)-Rh-O(21)) = 18,5°

Proposed Model
Castro et al, Acta Cryst. €58, m393 (2002)
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Stereoch. Aspects of Metallomesogens — Ex # 5 (Rh,(BmOCn),pz polymers)

IV — Chiral centers at R,,CO, : Preliminary resuits

Rh,(3,5-B20CY),  Cr,* 107 *Cr,+ 1191
Rh,(3,5-B20C18), Cr+45+Col, *90 1
Rh2(3,5—B20C*8)4 Crel160-1 (racemic = CH, steric effect))

<Role of coordination bonds=

Rh,(3,5-B20C9),pz Cr, * 69 * Cr, * 110 * Coly,
Rh,(3,5-B20C18),pz Cr, * 57 * Cr, * 68 * Coly* 126 * I
Rh2(3,5-B20C*8)4pZ CI‘l *90 CI‘2 e [35 COlH 190 1 (racemic)
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Stereoch. Aspects of Metallomesogens — Ex # 6 (Helicity by chiral ligands)

6th example: Helical columnar metallomesogens
based on square-planar 3-diketones

Helical columnar metallomesogens with the chiral center
at the aliphatic chains

CHzne 1 CnHazner
H;-mcnn-g_ '“""1'f "'

i

CHanet
qu.#:nﬂ"‘r‘} il |
i

]

OCHzn 1 e T
H_2|111':_|-||:' :' .'_.‘. e
i o w, )
.fﬂ {ID DCaHzn+ .
CnHzns CHzner

M=o, Cull, Pd! n=g7T

ographof the texture of the amealked {1007 C for X0 1)
e of compound ATV The texture shows Maltese

Cal* (1F1

to the crosed polarizers indicating the
ar tilEas represented in the figure at the top dghthand

medh | 48T Bow Ih e IR T A =B334

Serrano, Sierra, Chem Eur J 6, 759 (2000)
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Stereoch. Aspects of Metallomesogens — Ex # 6 (Helicity by chiral ligands)

i

£}

bz

1500

%

1000

hi ot TR
50

abphichy
i

=

=

=

B0

a0

« 1300

Winuws

Figure 6. a) UV and CD spectra recorded for complex dK*T"%0 under three different conditions : solution in
THE (k1 gL ") and thin film depesied on a quanz substrate by spin coating {cwt sample and annealed sample.
W for A0 b, ) The structunes of the proposed belical armngements are represented related with the

appearance of exciton-splinting signala.
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Stereoch. Aspects of Metallomesogens — Ex # 7 (Helicity by chirality at M)

7th example: Helical columnar metallomesogens
based on octahedral 3-diketones

Chirality at the metal center: spontaneous resolution of A
and A domains in columnar systems

Swager et al, J. Am. Chem. Soc. 121, 4518 (1999).

R Metal Chain | Phase sequence
Fe(lll) | C,,H,s | Col,y 91°C Col; 111°C | | fluxional
R Mn(lll) | C,,H,s | Col, 62°C Col, 107°C | | fluxional
g_,., Co(lll) | C4,H,s | Colg 61°C Col,; 104°C | | locked
o Cr(lll) C,,H,s | Col, 65°C Col, 108°C | |locked

R CidHz
R . .
S-dihydrocitronellyl ?ﬁ,‘

*= R-dihydrocitronellyl 'EWA
~ A
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Stereoch. Aspects of Metallomesogens — Ex # 7 (Helicity by chirality at M)

--+  Crymal field activation energies (in Dyg) for dissociation mechanism

Octabedral — square pyramid
Strong Fields Weak Flelds
System  bedral Pyramid CF.AE. bedral Pyramid C.F.AE.
» o o 0 6 o o
at 4 457  —0.57 L 4.57 -0.57
ot B 2.14 = 1.14 B 9.14 =114
& 11 10.00 2.00 11 10.00
a 16 14.57 1.43 & 9.14
s m Bvu o 0o o o
14 20.00 I%:I 4 4.57 =0.57
a7 18 19.14 =1 L 9.14 =114
i 12 10.00 2.00 F. 1000 - 2,00
L 6 .14 <114 & 9.4 =34
a4 0 e ' o 0 0 0
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Stereoch. Aspects of Metallomesogens — Ex # 7 (Helicity by chirality at M)

Shading Indicates Cpposite Chirality

M /]

R

NZEAN

)

(
Y
O.u.

(‘\.O

Hexagonal Latlice Hexagonal Superlattice Rectangu ar Lattice
Uniform Chirality One Chirality Dominates Equal Amounts of Each
Chirality
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Stereoch. Aspects of Metallomesogens — Ex # 7 (Helicity by chirality at M)
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C;dH5,*= R=dihydrocitronellyl
S-dihydrocitronellyl }5_
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Wavelength (nm)
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Stereoch. Aspects of Metallomesogens — Ex # 8 (chirality at M and HTP)

8th example: Chiral dopants for nematics based

on octahedral 3-diketones

Chirality at the metal center: Large Helical Twisting
Power for A-[Ru(acac),L] calamitic dopant for NLC
0.50

1.0

x'fwt%
Plots of the inverse helical pitch (p') versus
weight percentage of the dopant (x') for solutions
of A-[Ru(acac),L] in ZLI-1132 and MBBA.

Hoshino et al, J. Am. Chem. Soc. 125, 1718 (2003).
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Stereoch.ﬂAspectﬁs of Metallomesogens _Ex#8 (chirglity at M and HTP)”

Stereochemical (at M) and regiochemical (at L) control of
HTP in nematics

., o

Cn H 2n+1 D = !

W 4 o —
Dr‘;.r | 1\':] D.l'f; ..\
C D”Fﬁu‘g 10}12104@&
/ "3'
$=> , ]'abn'e . Values for the HTP {#u® Evaluated for the Enantiomeric
CrH2p410 Samples of Rullll) Complkexes and the ICD Spectral Data (Adeg)®
A-1-n A-2 for Doped N* Phases
A, bem-1 fdeg
dopent A A sk TEC A A Anm  pham
-6 —146 130 MBBEA 30 —0ES .05 420 5.1
I-12 —127 1200 MBBA a0 —078 & 420 &3
~ #The signs + Hlld. N i_||-4ic?|.L_r l.I1u11 - HI:Id ;?{-leicul ﬁup-:'rn"lruc_lurcs are — ik 72 FRHEA il — 1 (1 &S 4200 7.5
Spuct. wiieh are ghemplied i Figus 2. Concentations of e lisie —-55 8% FLI-132 0 35 -l LOT 330 17
e T e —6¥ 3¢ PAA 120 —134 133 480 72
g 2. Attt e nprtegal ot g N 4 -25 MBBA 30 013 —016 420 14
benzy ks <4-Turylanine (EBRA, 36- 73 °C. and 44 -arony dianisole 16 —13 EBRBA &l 035 —-041 420 13
Joniile and 4--alkylyelaesyt -4 <ganobipheny | s (Vorek M —22 L1327 35 022 -028 330 24
Conosniraticos Wit a nge o7 = D14-0.18 tol 26 17 =137 PAA 120 025 —037 480 15
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Stereoch. Aspects of Metallomesogens — Ex # 8 (chirality at M and HTP)

2000
1~
1000 -1 4: 1 _i _____
400 500 600 700 800 o ; 5
A/Mmm E 0

Figura 4. “Difference” transmitiance (AJ) spectra for MBRA® matenals
doped with A-1-12 (1.9 and 2.2 mol %% for yellow and groeen specir,
respectively), showing dips due to the selective reflection in the N® state. 4
The original pectra were measurad at 20°C in glass calls of 25-0m gap at

normal incidence.

=2000
A/mm Alnm

ICD spectra for MBBA* materials doped with A- and A-enantiomers
of 1-12 (0.1 mol %, left) and 2 (0.3 mol %, right). Each spectrum

_ was recorded at 30° C in a glass cell of 25-um gap at normal
Hoshino et al, J. Am. Chem. Soc. 127, 8453 (2005).  incidence.
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

9th example: Cubic phases in poycatenar
metallomesogens

F i ™

Key factors in Cub phases occurence

et | Lyotropics — Thermotropics analogy

La @ Calamitic S
H, : Discotic columnar
V,: Bicontinous cubic ?

l,: Micellar cubic ?

Bruce, Guillon et al, J. Mater. Chem 11, 2852 (2001)

Surfactant Cancentrabon
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar compounds
- - M O
o3

L ]
PP

}k_é/_w,.,‘“/ﬁ‘,.w
vt

fi.
,///’\; -

e T

f

CpHape 1O

'CnH2n+1D

Jooavs

OCpHan.1

OCHzn+1

PR
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P
s
7 ( Sl
N -
A\
e
i

\\ .
3 N,
3 \ \
7N = = b =1
SRS S TR S 1 it P Goreni o
2 i‘_ r} f.._s } { M i} ) ("-,
& "-‘ 4 AY ra { Iy
rf) > ¢ S (] > 2 ) } (}
),’ c} ) { r‘ { ) % )
SRR RIS
§¢_9¢ 505 8¢

Carbon Chain Length

Cub

Also aggregation
behaviour?

Broken lamellae
with aggregation
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

7N
CpHapitO =
— OCHapeq

"0;S0C 1Mz

200 - |

AT

160
N I3
o © O

Cub
140

O

=

120 ~ Crys \

100 T T T T T 1
4] 2 <4 6 8 10 12

IS

Carbon Chain Length
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

CraHzmio@mGN—Ag*‘N&\

"0;S0C 1Mz

OC, Hap
200 - |

AT

160

i N Sa
o © O
Cub
140 —
O
1

120 ~ Crys \

100

IS

T T T T T 1
4] 2 <4 6 8 10 12

Carbon Chain Length

N: not “ionic”
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

CraHzmio@mGN—Ag*‘N&\

"0;S0C 1Mz

OC, Hap
200 - |

AT

160

i N Sa
o © O
Cub
140 —
O
1

120 ~ Crys \

100

IS

T T T T T 1
4] 2 <4 6 8 10 12

N: not “ionic”

Calamitic with lateral chains = N, not S !
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

7N
CpHapitO =
— OCHapeq

"0;S0C 1Mz

200 - |

AT

160

i N Sa
o © O
Cub
140 —
O
1

120 ~ Crys \

100

IS

T T T T T 1
4] 2 <4 6 8 10 12

N: not “ionic”
Calamitic with lateral chains = N, not S !
Cub: with DOS bot not with OS
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

CpHaon1Q
A CoHop, 1O
Cr:H2m1OC' ==
= \‘ N KN—AQ*"N@—\\ \ /N Ag"™= OC Hon,
— OCrHams “0450C 2Hzs
"0;80C 1Mz OC,Han,

200 -
200 - |

/\/HJ o TN ™

160
o © O

140
[«
=
120 Crys
50

100

F74¢
9]
c
o

i I I ¥ I 1
4] 2 4 [} 8 10 12 Carbon Chain Length

N: not “ionic”
Calamitic with lateral chains = N, not S !
Cub: with DOS bot not with OS
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

CnHape 10,

C.H o]
e CHH2m1O \ - v \ OCnHEm‘I
3 CoHam 1O N-Ag™-N
C.H 0 / ) — A 2n1 — \ / . \
AR _ N OC.H — OCHzpi1 "0350C 15Hzs
- e "0580C15H;s OCHHZHH
0:S0C 15Has OC/Hans1 200 -
200
200 i | i
o 150
180 W ——C— D
150
P\d N S o\o
160 °/ %O g & 00
L2 N A a 0 © 3 Coly,
& Cub 100 = . >
140 “
[s] 4 - o - 50 4
(}‘D-O_\si\? o .
120 Crys O Crys
(D N S S e
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0 2 4 6 8 10 12 arbon Chain Lengt Carbon Chain Length

N: not “ionic”
Calamitic with lateral chains = N, not S !
Cub: with DOS bot not with OS
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

Pt and Pd polycatenars 2
Loty o
CaHpgay 0 s, H
e Y EFH{‘-‘LLJ_.;?‘E.&.-
A= Pd P e E
e TR 1.
164] =
140 . - . - - T T 1
H';.-H;--'El.!._.:. E‘—L‘.Hz.-.- g 4 a cfm-::r.n..:n W % W
OO
i = 0 — < Y
Caboga—L S All' N (also Np?)
FI. |

ad T L“L-zf““*""" N, Sc (not Cub)
VA s
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

-

Acetylide, DOS: similar length, = M-L electrostatic character

DOS, OS: similar M-L electrostatic character, = length

.

Both interactions and microsegregation play a role in
Cub formation
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

-

Acetylide, DOS: similar length, = M-L electrostatic character

DOS, OS: similar M-L electrostatic character, = length

.

Both interactions and microsegregation play a role in
Cub formation

Specific interactions in Cub formation

o, _faj’_:f: Fa

.U W . y — :'—"-,:_e_.-':' .
~h ,:;-—*” Bl s "“}—':"{_-5"_’? oy Y Ty
£ -r—{_;__?'-—-:."_-'"-—il 0 F Agqgreqgation
(R.S) or (S,R) il g el 99rey
not (R,R) or (S,S) e

j —

but (R,R) + (S,S)
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Stereoch. Aspects of Metallomesogens — Ex # 9 (Cubics in polycatenars)

EaHysrd

hy |.'J'|_-.|.|||." ':-. =.' ._..:l F ] '_:'I - :
- H-H-m —
-:-t"_"' |:“ '-.-.-'- L-'-

S i ™% did not exhibit Cub but
aqgregation for “Col”?

o e

T I IR o th e med sl s e e & of oo

“Bulky” Cl avoids aggregation
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Stereoch. Aspects of Metallomesogens — Ex. #10 (Cub in Cu,(B30Cn),)

10th example: Cubic mesophases in copper
derivatives of B3OCn ligands

Unexpected way of “aggregation”

| Colg !

Col,

Iso

Cub

|
R/ 80 -\lg.\ /./i)‘\"/.
60 -
J Cr,
40 -
Cr,
20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
6 8 10 12 14 16 18 20 22
Chaia, Guillon et al, Mol. Cryst. Lig. Cryst., 330, 213 (1999) n
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Stereoch. Aspects of Metallomesogens — Ex. #10 (Cub in Cu,(B30Cn),)

R R
o//// \\\\o
o )< o NG f g
n/o
Cub
0,006
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°
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°
- °
0,003 - Ps ..oooo....
Y B ..°°ooo
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, ) T . 2Ng2,82
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dimero ZkT kT 3+eXp
Coly
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Stereoch. Aspects of Metallomesogens — Ex. #10 (Cub in Cu,(B30Cn),)
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Stereoch. Aspects of Metallomesogens — Ex. #10 (Cub in Cu,(B30Cn),)

Crystalline Structure of the B30OC2 derivative

Hexameric “globular” molecular units!
Vega et al Acta. Cryst. (2005, sent)
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Stereoch. Aspects of Metallomesogens — Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Metallomesogens: a promise or a fact?

R. Giménez, D.P. Lydon, J.L. Serrano*

Deperrtarento Dwimicd Ohgadmica, Facwld de Cledciae-fCMA, Universidad de Zaragesa-C8IC, Pedra Corbung 12, furagoze SIS, Spurin

Receved 15 Movember 2002 receaved i revised form LR Febrsary 2003 accepied 20 Febreary 2003

An analysis of the reports from the last few years leads
o a conclusion concarning the applications of metal-
lomesogens: the promising potential has =0 far excoadald
the actual results,

Cienerally, the presence of the metal in the compounds
does not faveur application in ligquid crystal displays
hocanse, in most cases, an imporiant increase in the
conductivity of the materials with respect o the traditional

organie compourkls is observal. The high viscosity of

metallomesogens, i responsible o the high electric felds
appliad. Under thesa conditions, the metal-ligand bond is
quite labile al canses the increase in conductivity.

The erientation of the materials under magnetic fekls is
referencald in many papers as a potential application for
metallomesogens. However, the requirement for high felds
prevents this method from being useful.

In some other cases, like the applications ecited for
lanthanide-coniaining metallomesegens o metallecycles,
the final properties depend only on the sncture of the
compoureds ad the liquid crystallinity is nol essatial,

Some results with metllomesogenic polymers ssem
promising; however, no practical applications have wel
baen described.

In spite of these argnments, an important variety of new
strictures has heen described in the last few years,
inconczivahle with purely organic compounds. This dem-
cnsirales the encrmous potential of metallomesogens as a
“esting bench” for struciure—activity studies. Proaf of this

15 the appearance of the Mehillan phase in a mixture of

metallomesogens and THE.

The formation of well-orlerd supramolecular assem-
blies of macroscopic dimensions, such as metallohe licabes
or some metk-coniaining liquid crysials capable of apgre-
pation as supramolecular helical stmctures opens up new
perspeclives in mabenals science.

Fimally, in the case of lyotropic metallomesogens, the
uze of transition metal-containing surfctants or non-ionic
surfactants capahle of interacting with salts of these metals
as lemplates las provided a method 1 oblain nanc- and
mesc-strctures of short-benm application for catalysis.

In comclusion, metallomesopms continee 1o be promiz-
ing compounds in materials science.
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Stereoch. Aspects of Metallomesogens — Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Metallomesogens: a promise or a fact?

R. Giménez, D.P. Lydon, J.L. Serrano*
The promising potential of

metallomesogens has so far
exceeded the actual results

atwsis of the reports from the last few years leads

- ¢ r -

lomesogens: the promising potential has =0 far excoadald

the actual res

Cienerally, the presence of the metal in the compounds
does not faveur application in ligquid crystal displays
hocanse, in most cases, an imporiant increase in the
conductivity of the materials with respect o the traditional

organie compourkls is observal. The high viscosity of

metallomesogens, i responsible o the high electric felds
appliad. Under thesa conditions, the metal-ligand bond is
quite labile al canses the increase in conductivity.

The erientation of the materials under magnetic fekls is
referencald in many papers as a potential application for
metallomesogens. However, the requirement for high felds
prevents this method from being useful.

In some other cases, like the applications ecited for
lanthanide-coniaining metallomesegens o metallecycles,
the final properties depend only on the sncture of the
compoureds ad the liquid crystallinity is nol essatial,

ATOCTITeE TR feen describad e Dhe Jasl Jew years,
inconczivahle with purely organic compounds. This dem-
cnsirales the encrmous potential of metallomesogens as a
“esting bench” for struciure—activity studies. Proaf of this

15 the appearance of the Mehillan phase in a mixture of

metallomesogens and THE.

The formation of well-orlerd supramolecular assem-
blies of macroscopic dimensions, such as metallohe licabes
or some metk-coniaining liquid crysials capable of apgre-
pation as supramolecular helical stmctures opens up new
perspeclives in mabenals science.

Fimally, in the case of lyotropic metallomesogens, the
uze of transition metal-containing surfctants or non-ionic
surfactants capahle of interacting with salts of these metals
as lemplates las provided a method 1 oblain nanc- and
mesc-strctures of short-benm application for catalysis.

In comclusion, metallomesopms continee 1o be promiz-
ing compounds in materials science.
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Stereoch. Aspects of Metallomesogens — Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Metallomesogens: a promise or a fact?
R. Giménez, D.P. Lydon, J.L. Serrano*

Deperrtarmento Dwimicd Ovpamica, Faeuilfy i L g "y 340 ay [l 7 .

The high viscosity of metallomesogens
s e e w0l 1S TESPONSIble for the high electric fields

o a conclusion concepring the applications of
lomesogens: the prowizing polential has =0 far ex

the actual resulls: a 00 lied

Generally Ahe presence of the metal in the col
! ! e = nconceivable with purely orgame compounds This dem-

Received 15 Movemibor

does npt” favour application in liquid_erysial displays omsirates the enormous pobential of metallomesogens as a

begpuGe, in mosl cases, an il ant increase in the “esting bench” for struciure—activity studies, Proaf of this

zonductivity of the matepisds with respect o the traditional is the appearnce of the McMillan phase in a mixture of
15 observal. The high viscosity of] metallomesogens and THE.

pens is responsible for the high electric Gelds The formation of el supramolecular assem-

] - fhoes eordili + motal i . i ! macroscopic dimensions, such as metallohe licates

quite labile and causes the increase in conductivity, or same metal-containing liquid crystals capable of aggre-
= g . 5 . - . KL A5 SUp Wi lical s C CR OIS oW
Ihe erientation of the materials under magnetic Aeks is yijlrl1':“__:;"_L:'i:":::.'lll:'l'_l.l::rf li\illnl;-;lu.[ IPLEHITES Dpens py nesy
referencald in many papers as a potential application for Py g ’ = ’

I However. il . ot hich field Fimally, in the case of lyotropic metallomesogens, the
metallomesogens. Hewever, the requirement for high helds use of transition metal-containing surfciants or non-ionic

prevents this method from being useful. surfactants capable of interacting with salts of these metals

In some other cases, like the applications cited for s templates has provided a method o obiain nanc- and
lanthanide-coniaining metallomesegens o metallecycles, mesc-strctures of shori-lemm application for catalysis.
the final properties depend only on ihe sncture of the In conclusin, metallomesogans contimee 1o he promis-
compourds and the liquid crystallinity is not essmtial. ing compounds in materials science.
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Stereoch. Aspects of Metallomesogens — Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Metallomesogens: a promise or a fact?
R. Giménez, D.P. Lydon, J.L. Serrano*

Deperrtarento Dwimicd Ohgadmica, Facwld de Cledciae-fCMA, Universidad de Zaragesa-C8IC, Pedra Corbung 12, furagoze SIS, Spurin

Receved 15 Movember 2002 receaved i revised form LR Febrsary 2003 accepied 20 Febreary 2003

An analysis of the reports from the la
o a conclusion concarning the applications o
lomesogens: the promising polent
the actual results.

Cienerally. the presence of the metal in the con
does ot faveur application in ligquid crystal
hocause, in most cases, an imponant  increase
conductivity of theAmaterials with respect o the e

Orientation under magnetic fields:
requirement for high fields prevents this
method to be used

[HEN [N
organie comporisls is observal. The high™ viscosity of ||'II.|JI||I.'II'|II.""~I'I.I_].\II‘~ anil I'HI
mital lomespdans is responsible for tigh elactric felds The formation of well-orlersd  supramolecular assem-
appliad, Midder thase conditio 1 metal-ligand bond is hlies of macrmscopic dimensions, such as metallohe icates

or some metk-coniaining liquid crysials capable of apgre-
gation as supramolecular helical simictures opens j
parspeclives in makerials u.l-.u-.-.
Fimally, in the case itropic metallomesogens, the
uze ol raasition metal- -.unlmmug surfaclants or nen-ionic
surfactants capahle of interacting with salts of these metals

quite Aldbile and causes meredse in conductivity.
Ahe orientation et the materials under magnetic fekls is

15.-:"& Hivwaver, the requirement for high Gelds
pretvenls this method from being nzelul,

In some other cases, like the applications cited for s templates has provided a method o obiain nanc- and
lanthanide-coniaining metallomesegens o metallecycles, mesc-strctures of shori-lemm application for catalysis.
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quite labile al canses the increase in conductivity.

The erientation of the materials under magnetic fekls is
referencald in many papers as a potential application for
metallomesogens. However, the requirement for high felds
prevents this method from being useful.

In some other cases, like the applications ecited for
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the final properties depend only on the sncture of the
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