Lyotropic LC-Solutions
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Formation depends on:

- chain stiffness (axial ratio)
- molecular weight

- concentration

- solubility

- temperature

Problems for rod-like polymers:

- viscosity -
- gelation or crystallization at RT
- limited temperature stability
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'P.J. Flory, Proc. Royal Soc. (London), A 234, 73 (1956)

onset of stable anisotropy in solutions of rod-like particles:
~occurs at:

v, "~ (8/x)(1-2/x)

v, = volume fraction of rods

x = axial ratio (Iength/diameter)
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Phase diagram of PPTA in
100 % H,SO,
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after: B. Jingsheng et al.,J. Appl.
Polym. Sci., 26, 1211 (1981)
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Phase diagram of the system dodecylsulfonic acid/ water
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Kelker, Hans and Hatz, Rolf, Handbook of Liquid Crystals, Verlag Chemie,
Weinheim, Deerfield Beach, Florida, Basel, 1980.



Schematic diagram of a cell membrane

+ —
o 0 %c H
; I / -
CH3-[;J—CH2 2\O—fl3—O\CH /CH\ \C:O\ 1573
CH3 0 2 “CHp”“C-CisHz
0
(a)
P 0 2
H-N-CHy” “M2v0-P-0u ,CH’O‘C’OC'C'5H3'
) o 2" NCHp Y™ C-CisH3)
0
(b)

» phospholipids:
a) diphosphatidylcholine
b) diphosphatidylethanolamine
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BLOCK COPOLYMER ARCHITECTURE

Yy - Diblock -
o) o
2N %
W @L& ) \ Triblock
A-B-A

;'...' _ @“ ',‘... - .
gt @f] g ¢ Ui‘ﬁ . Multi-block
: v (o (A-B)n )

S Star
ﬁslﬁ (A-B)x
4




Block and Graft Copolymers:
» phase separation with domain size 20 - 50 nm
+ uniform size distribution

- self organizalion —— supramolecular structure
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Cs Hr 1 O@-X—@—CN

A C-N(°C) N-I(°C)
ey o 2.
O

g 92 139
i 87 126

-C00~ 87 96

=C20= 78 94

—CH=N- 62 93

Single bond 53 67.5

* a smectic A phase also occurs up to 107.2°C

CsHi 1 '@X@-CN

1L

X C-N(°C) N-I(°C) A4n
CO2 - 64.4 (55.4) 0.18
~C=C- 79.5 (70.5)  0.29

N-I(eC) N-I(°C)
(n=0) (n=1)

»

CsH11~<::>»(CHzCHz)n4<::>—CN 35 -24
CsHi 1 -O—(CHzCHz )n-@—CN 55 51
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17a | H11Cs | K 225 N 35.0 1 o\ i
17c | HisC7 | K 285 N 420 1| °
18a | HsCo0 | K 48.0 N 69.0 I “
18b | H,C30 | K 102.0 N (90.5)1
18c | Hy1C50 | K 71.5 N (64.0) I |
N@CN
R
19
R
19b | HiC K 38 N (—25) I
19d | HyCz | K 42 N 46 1
19e | Hy1Cs | K 30 N 55 I
19c | Hy5C7 | K 30 N 57 1
Pk
R
20
R
20a | H7C3 | K 58 Sy (18) S, (44) S3 (57) N 80 I
20b | Hy1Cs | K 62 Sy (43) Sp (52) N 85 I
20c H15C7 K N 83 I
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Fig. 2.12. Transition temperatures. T, . (lig. A, the point for NO, in fig. A indicates the Tg;). T;, or
T, (fig. B), as a function of molecular diameter. d. for different 3'-substituted 4'-n-alkoxybiphenyl-4-
carboxylic acids (from [276]).

Table 2.6. Effect of molecular breadening on the thermodynamic parameters of the compounds.

X

(AH: Heat of transition in kJ‘mol. AS: entropy of transition in J ‘mol-K).

X I Tiwsiy AHln/il AS(n/i)
H 0.12 301 1.71 298
F 0.133 278.5 1.69 3.07
Cl 0.18 2524 1.94 3.69,
Br 0.195 241.1 2.04 397
1 0.218 2229 2.07 4.16

CH; 0.20 2524 2.22 4.23
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TabLE 2. Spectral propertics of sclected aromatic polyamides

Maximum
chromophore
Polymer p — length
CFy
e e MOam" Y rings
HO-HC O, | -
X1 oF3
o ICF, )
5—@—6-{1-@-5;_)— ‘ Ji4nm* 3 rings
—(_ = H " _
XV
: o
5—<:\>—-<'5-N H 295 nm* 2 rings
xvi oF,
o iy ) T
E-{b}-&-u u N 289 nm* - 2rings
- w YT B &
Xvi
CF,
o
"("C‘G—Q".‘ - 295 nm* 2 rings
H
Xvino CFy
"0 CFy CFy
)
—-(-cc_z O Q 3 n 290 nm" 2 rings
' xix Ch

_(..gg-:: . 273nm* | ring

*DMAc.
5% LiCl/DMAc (w/v).
‘THF.
(from R. Gaudiana et al. Prog. Polym. Sci. 14,47 1989)
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RIGID ROD POLYMERS

4 N
: N
o —(IOL-Or-
N N
@) (0]
oL~
N N

S N
oot
N S

-

/3



ayeydsoyd © © AZUO

|ASa1-w-1p—0S3I>-wW Ul %6<

ajeydsoyd (4sa1d
-w-1p—]0Sa1d-w ul 6" 1-0°1

Plo® d[uoj[nsaueyjaw
1oe otaoydsoyd£jod ut 94,01—¢

pIoe JuImjIns 2,001
PI9E 21UOJ[NS0IO[YD

ploe druojinsaueyjaw

PI9® d[uoj[nsaueyjaul

*H®D *H®D

9200

*H®D

OO0

0
OO0y
N N
O~ IO~

(6°TOoA ‘@duaTdg 1dwkrogd jJo efpadord4Adug *Te 33 }3Tom) wWOl1J)

8._a&z&%iﬁﬁ-ﬁmz-.m.méﬁ_?oﬁ_ﬁv.s..35&

[surjournbjAuayd-p-(auajLuayd-$‘1)-9‘z}K|od

(19d) (3[0Zery3siqozuaq-g‘z-ausjAuayd-p*1)Ajod -

A..Ommv. (3]0zZex081q0ZUaQ-g‘Z-audjAuayd-§*1)Ajod

(2]0zepIulsiqozusq-g‘g-ausjluayd-4*1)4|od

uorNjos 21d01j04

aImjdnng

punoduo)

D-76



