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MISCISILITY S N O Y  OF TWO KINDS OF THE SMECTIC A, 

BARBARA WA&fiSKA. DOROTA SLIWOSKA 
Facutly of Materials Science and Engineering 
Warsaw University of Technology, Narbutta 85,02424 Warsaw, Poland 

Abstract Phase diagrams (T=t(x)xf) are determined for binary mpctures c o m ~ e d  or 
two homobgous series nOBCAhTPCH8 It is shown the immiscibllky of the 
smecrk A, of both compor~ents. The smectk A, phase of nTPCHf3 compounds wnh 
longer aliphatic chain is miscible with srnecte A, of SOBCAB cmponent and 
lnvotves the dlmerizath of cmpcrunde nOBCA6 with short aliphatic chain The 
results confirm that investigated homologous series form different krnds of the 
smectic A, phase. 

INTRODUCTION 

The large number of the smectic A phase [ I ?  21 is a characteristic feature of liquid 

ctyataline compounds with terminal polar groups. 
The last investigations of Qramsbergen as well as de Jeu [I, 31 and the authors in 
cboperatlon whh D&rowkl. Czuptytiski sml Przedmojski 141 have shm that two kinds 

of smectic A, can exist. 

The first type ol smectic A, called "classical smectic A," according to [SI of "enhanced 

monolayer smectic A," according to [4] shows a random {up-and-downf orientation of 

the dipoles in the smectic layers. Furthermore the $pacing 01 smectic layers is slowly 

expanding urith the increase of the aliphatic chain length in the homologous series of 

compounds forming this type of smectk. It causes that the structure of this type of 

smectic A, becomes more like to the structure A,, WRh the increase of the aliphatic chain 

length. 'Ihe homofogous series of compounds with the tenninal polar groups -NCS, -F 
-CI. -J, -COC,H,, create this lype 01 the smecti A, 

The second type of smectic A, is shown by the homologow series of compunds with a 

terminal -CN group. The smectic A, layer spacing of this phase Is equal to the molecular 

length but the smectk A, layers have regions with locally oriented arragednent of dipoles 
resamblii smectic 4. The bilayer regions are randomly distributed. This kind of srnectic 
A, is rapidly transformed into the srnectic A,$ with the increase of the aliphatic 
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462 B. WAZYIGSKA AND D. SLIWOSKA 

cham length of the respective molecules 

The aim ot the present work is to investigate the bbty  mixtures of cmpwnds 
belonging to the homologous series whtch create both type of smecttc A, and to study 

the influence of the aliphatic chain length oi both h o b g o u s  series on the smectic 

phases stability in the mixtures 

MATERIALS AND ME-THODS 

For the tests. the compounds have been used from the p-alkoxybenzoybxy- 

p%yanoatObenzene homologous series (nOBCA8) of the formula: 

Ths compounds of those aeries are smectic A, if n s  8 and A, if nz 9 [lo] 

Therefore. there are a homologoils series in which the smectic Ai IS rapidly transforming 

into smectic A, with increase of the aliphatic chain length fm 8 to 9 carbon atoms. The 
compounds with n=6,7,8 (smecti A.) and n=Q (smectii A&] were examinated. 

As seccmd component of the binaty mixtures isothioCyanatq&tenyl 

4(trans4n-alkykycleksyl) benzoates (nTPCHB1 of the formula: 

were used. 

The compounds of the nTPCH8 series show “enhanced monolayer smectic A,” (A,*) 

phases according to [4). 

All these compounds were synthesised in Profesor Dqbrowski laboratory fnxn Military 
Technical Academy according to the methods described in [lo. 111. 

The folbwlng series of bhaty mixtures have been studled by themomkmopic 
methods: Series 1. BOBCAB-nTF’CHB for n=5,7,8,9.10,12 

Series 2. 70BCAS-nTPCHB for n=S, 7,8,9,10,12 

Series 3 80BCARnTPCHB for n=5.7,8,9.10.12 

The phase diagrams of mixtures 80BCAB-nTPCHB which were described in [8] are also 

included in this work. 
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RESULTS 

The results of thermomkrmopic testing are summarized In the equilibrium phase 
diagrams T=f(x). The comparision of all phase diagrams include BOBCAhTPCHB 

series is shown in Figure 1. 

The phase diagrams of BOBCA&nTPCHS (Fig. la), 70BCAEnTPCHB (Fig. 15) and 

BOBCAEMTPCHB (Fig. lc )  have the same character. The pure components create onty 

the smectic A, phase. As we can see from the phase diagrams ( Fig. 1 - a1 ,bl. b2, c l ,  

c2, c3) the smectic A? phases of both component are partially immiscible. In the 

mixtures with the short aliphatic chain of the nTPCHB component a minimum on the 

phaee tm8llkm Lines S, - N Is observed. 

The increase of the aliphatic chain lenght of the nTPCHB component causes: 

1 j the increase of the destabilization of the smectic A, phase on the side of the excess Gf 

the nOBCAB component which conducts to the disappearance of this phase and to the 

appearance of the nematic gap 

2) the increase of the smecti  A, phase range on the side of the nTPCHB component 

excess with simultanousiy appearence of the nematic reentrant phase. 
These changes are due to the rearengement of the moleciihr structure of the smectic A, 

phase of the nOBCAB component and the formath of the smectic A, phase. Thls one 

was confirmed by the X-ray studies [Q; 121. In mixtures 80BCA55TPCHB the process 

of formation of the emectic A, of the BOBCAB compounds does not take place [12]. The 

phase diagrams for series GOBCAB-nTPCHB and 70BCAB-nTPCHB indicate that the 

essential Influence of the ailphatlc chain length of ?he nTPCHB compounds on the 

creating proc9ss of the smectic A*] is a cmmon feature of ali compounds from nOBCA8 
~ W I O ~ X ~ U B  series. 

The binary mixtures of the QOBCAEnTPCHB series (figure ld) show different character 

with reeped to the wrlm presented above. It is caused by the tact that the 90BCA6 

component yields smecti  A, and nematic reentrant phases above the temperature 

region of the smectk A, phase. For these purpose the 90BCAB component is a good 
example for testing miscibiltty of both smectic A phases of these compounds with the 

smectic A, phase of the cmponent behging to the nTPCHB h o k q o u s  series. 

In ttm phase diagrams of SOBCAB-5TPGHB and 90BCAB-7TPCHB mixtures a 

minimum MI the S,,-N phase transition line is observed The character of this transftion 
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466 B. WA~YNSKA AND D. SLIWOSKA 

line remind of a system with the eutectic point. It suggests that smecti A, phases of both 

component belonging to the different homologous series are immiscible. In spite of the 

fact that the smectic layer spacing of both compounds is equal to the length of their 

molecules length id=l) [12] 

Increase of the aliphati chain length of the nTPCH8 component into nz 8 causes that 

the smectic A, phase of these compounds mix with the smectic A,, phsse of the OOBCAB 

components. The completiy miscibility of two phases: the smectic A, phase of the 

nTPCHB compounds wlth the longer aliphatic chain and the smectic A, phase of the 
908CAB compunds confirms that the smectic A, of the nTPCHB homologow series is 

more like the smectii A,me. 
The influence of the aliphatic chain lengtt~ of the nOBCA8 compound is also observed. 

me decrease of the aliphatic chain length of the nO6CAB component causee: 

1) the increase of the destabiliation of the smectic A, phase on the side of the excess 

of the nOBCAB component, It provides to the appearme of the nematic gap in the 

GOBCAELnTPCHB system with the shorter aiiphatic chain of the nTPCHB component 

in compared with 70BCAEnTPCHB and 6OBCAEnTPCHB system. In the former 

system the length of the aliphatic chain in the nTF'CHB b 7 )  is require to the 

appearence of the nematic gap while in the other two re8 and n=9 respectively. 

side of the phase diagrams (the side of the nOBCAB component excess). 

2) the decrease of the observed extension of the smectic A phase range on the other 

It indicates that decreasing of the aliphatic chain of the nOBCAB component loyering its 

tendency to dimerize in the nTPCHB mixtures. However. the nOBCAB compounds wlth 

shorter allphati cham require the shorter aliphatic cham of the nTPCH6 matrix in order 

to the rearrangement ha structure. 

CONCLUSIONS 

1. The smectics A, of both homologous series show a lack of miscibilii. This is a 

conflrmath of the supposMcm that th8 smectk phases of both homologous serles 

create the different types of the smectic A, 

2. The smectic A, of the nTPCHB compounds with the longer aliphatic chain na8 show 

the completly miscibilrty with the mectic A, of the QOBCAE compounds. it confirms 

that the structure of the smectic A, phase of the nTPCHB serles (enhanced 
monolayer smecti A,} with increasing of the length of the atkyl cham is changing to 
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be more like a smectic A, phase 

3. The compounds of the nOBCAB series which create onty smectic A, phase <n=6. 

7 and 8) for pure component in the mbdure with the nTPCH8 compounds yield the 

mectic A,? phase. The rearrangement of the molecular structure of the smectic A, 
occures by the suitable length of the aliphatic chain of the nTPCHB compounds, it 

means when the structure of the smectic A, phase of the nTPCH8 compound is more 

like smectic A,, phase. 

4.All lnvestlgated compounds of the nOBCAB homologous series which create the 
smectic A, (rr=S. 7. 8) have the tendency to create the srnectic A, in the mixtures 
with the nTPCH8 cmponent. However, this tendency decreases with the decreasing 

of the aliphatic chain length of the nO6CAB component. but the smectic A,, phase of 

the nOBCA6 compoptenf with the shorter aliphatic chain length is formed In the 
mixtures with the shorter aliphatic chain length of the nTF'CHB matrix. 

The work has been supported by the grant from Warsaw Univemty of Technology. 
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