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Molecular interaction between induced smectics components was studied, i.e. between p,p’-cy-
ano-n-pentylbiphenyl (PCB) on the one hand and p-,p’-dialkylazoxybenzenes (CnAX), where
alky! was CH;, n-CiHs, n-CsHui and n-CeH 3, on the other. With the Few-Smith’s dielectric
method'>"’ the stability constant and dipole moment of the formed 1:1 complex were determined
and discussed as regards the spatial structure.

INTRODUCTION

Mixtures of nematic liquid crystals with similar chemical structures exhibit the
nematic—isotropic transition temperatures, T'ni, varying linearly with com-
position.' Furthermore, other physical properties of the mixtures correspond
to the average values of the components.

The mixtures show usually eutectic behavior in their solid-nematic phase
transition, which results in extending nematic phase temperature range.

In contrast, if the intermolecular interactions in the mixture differs consid-
erably from those in the pure components, very complicated phase boundaries
can be obtained. Besides large deviations in TNy, a strong enhancement in the
stability of smectic phases or even the formation of smectic phases from non-
smectic liquid crystals have been found e.g‘z‘3 It seems that Dave, Patel, and
Vasanth were the first who observed* the smectic phase formation on mixing
two non-smectic materials. The phases which are usually very stable thermally
are called induced smectic phases ISP’s. In general these ISP’s are of an A
type. But Spand Setypes can also be found,’ whereas S¢, S1, and Sgphases of
the pure components are not enhanced in the area of the ISP’s. In no case an
ISP with a tilted director was found.””’ The molecular origin of the ISP forma-
tion has caused a dispute in the literature. Park et al.® basing on a positive
deviation of T'nifrom the additivity, a shift in the UV absorption bands, and a
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non-linear A H solid-nematic composition curve have suggested that the two
mixed compounds form a charge-transfer complex. This model was chal-
lenged by Oh,' who has proposed a dipole induced lamellar structure. Re-
cently both models were strongly criticized by Schneider et al.” as incompatible
with their X-ray data. In an attempt of a better understanding of intermolecu-
lar interactions taking place between compounds forming an ISP we have de-
cided to examine them in binary systems consisting of cyclohexane solutions
of p-,p’-cyano-n-pentylbiphenyl (PCB) with p-,p’-dialkylazoxybenzenes
(CnAX), where the alkyl used was: methyl (C1AX), n-butyl (C4A X), n-pentyl
(C5AX), and n-hexyl (C6AX). The ISP formation in these binary systems was
described elsewhere.® Cyclohexane was chosen as the solvent because it is
quite inert with respect to the intermolecular interactions taking place in it,
e.g.’ For this study two dielectric measurement procedures were used—Job’s
continuous variation method for determining stoichiometry of the presumed
molecular complex formed'®"' and Few and Smith’s method'>"* for deter-
mining the stability constant, K, and the dipole moment p,.¢, of the molecular
complex.

EXPERIMENTAL

Materials. The preparation and purification of the nematics PCB, C1AX,
C4AX, C5AX, C6AX were described in Refs. 14 and 15. The purification of
cyclohexane, p.a. POCh, Gliwice, Poland, was the same as reported in Ref. 16.

Physical measurements. The apparatus and procedures were described in
Refs. 17 and 18. All measurements were carried out at 298.15 K.

RESULTS AND DISCUSSION

Job’s plot shown in Figure 1 for the PCB-C5AX system in cyclohexane indi-
cates the formation of a fairly distinct molecular complex with stoichiometry
of 1:1. The permittivity deviations Ae from additivity are mainly determined
by the complex stability constant, K, and to a less extent by the change, Ap,, in
the average molecular dipole moment due to the complex formation.'”'®
Hence from the Job’s plot one can infer that the K value should be fairly large.
Moreover the positive sign of the Ae value shows that the component (i.e. PCB
and C5AX) dipoles enhance each other in the complex molecule, at least
partly. To elucidate the complexation process more closely the complex dipole
moment, p..c, and the stability constant, K, have been measured with the Few
and Smith’s procedure.'>'"* The appropriate data for the systems studied, i.e.
PCB-C5AX as well as for its homologues: PCB-C1AX, PCB-C4AX, and
PCB-C6AX are listed in Tables I-1V. For all the systems the same solvent was
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FIGURE 1 Job's continuous variation curve for the p- p’-cyano-n-pentyibipheny{ (PCB)- p-,p"-
di-n-pengylazoxybenzene (C5AX)-cyclohexane system. Total molar concentration ¢ = 0.25
mol/dm".

used— cyclohexane. The measurements were carried out for solutions with an
excess of CnAX over PCB, to minimize the antiparallel self-dimerization of
PCB molecules.

In contrast to PCB, CnAX do not dimerize in cyclohexane solutions as it
was found out by dielectric studies of pure PCB and pure CnAX solutions,
respectively.'® If a system studied complies with the assumption made by
Smith and his co-workers'® then the dependence 1/ArP* versus 1/waspps
should be linear and its slope and intercept give us the K value and the molar
polarizibility change (ArP0)s due to the complex formation. The (ArPo)s
value together with the molar polarizibilities of PCB—x(Pa%)s and of
CnAX—1(Pp=)g, see Tables V and VI, enable us to calculate the molecular
complex dipole moment, p. c. But the graphs of the 1/A1P* versus 1/w sspgs
dependence for the system studied here, were only partly linear, see e.g. Figure
2. Hence, in the systems, other molecular processes have also taken place than
that taken into account by the afore-mentioned assumptions. The side-proc-
esses prevail for the solutions represented by the points lying outside the
linear part. The possible side-processes can be specified as, e.g., the formation
of complexes with other than the 1:1 stoichiometry or with other arrange-
ments of the components in the complex, and the PCB dimerization not fully
suppressed by the excess CnAX in the solution. The question is under investi-
gation, just now. The competition of the side-processes with that of the main
1:1 complex formation indicates that the energy change in connection with
the side processes is of similar magnitude to that of the complex formation.
The 1:1 complexes studied here, are much less energetically stable than the
ordinary H- and CT-molecular complexes. Then the complex formation proc-



W. WACLAWEK, R. DABROWSKI and A. DOMAGALA

258

‘0 = Y& 01 parejodenxa auexayojohd ut gDd Jo Anjiqezuejod 1ejow 1101 3Y1-6(ocV J1)
SV dl) — S8V L) = »d2V

‘0 = Ya 0} parejoden

X3 §-q Wl gDd Jo Auyiqezuejod sejour [e10) dY3—7 + S8I/[ — SB(g + S84) Spy 4 (T + $93)/HpFHADE = BV L)

‘Va "SA 4 dwinjoA oidads oy Jo adojs ay3-vmg e = g

‘S-g 1u3A|0S 3y} JO Swnjoa dytdads ay1-d /| = S8a

‘S-[ JUIA[OS PaXIUW 3} JO XIPUT SANDIRIJDS UI-(] WNIPOS 3-8
‘Vu—gDd JO uoioelj 14ydiam dY) snsiaA §-g JUA[0S

paxiw 33 w1 suonnjos gOd Jo ? Anamirusad ou103]3 34 Jo asuapuadap ays jo wed sesuly ay) jo adojs ayi-Ymp e = ©

‘S-f WUIA[0S PAxIW Iyt Jo Ayannuuad su3dsfe ay1-sds
JUBXIYOPIAI—YX VD :S-§ IUIA[0S Paxiuwl Yy Ul Xy [D Jo uondoelj 1ydiom ay1-&m

950°0— 6€1SS 9zL9 £8LT1 or's  €0£S0T 080T L66T'Y S
LYEO— SE'995 9ZL8 6187’1 198 SH8¥0°T  8890C 9€ZEE 14
T6T0— 08°59¢ ZE011 1ST0— S¥8T'1 PS8 YELPOT  YLSOT wWe'T €
0E1°0— 95195 L98S1 £887°1 P8 PEIPO'T  6EH0T 69€8°1 r4
0£1°0— £5°195 60287 £1671 €68 PSLEOT  TIEOT 9SE0'1 1
[fwpow] [ _jow w] [qow w] [ 8y w] [ 3y w] o sdu 543 01 Xdn  oN
odWV 01 S8(cVJL) samead Ol X & 01 X 594
+01 1 o0t TR

N S1°867 1e uexayopdha ul (XVID)
auzuaqhxozejAyiaunp-,d‘-d—(gDd) 1Auaydiqiliuad-u-oueks- d*-d :wansks ayl 10§ synsay

I 3719VL

€T0c Aeniged TzZ 6G:TT e [01pey pue sweisAS [04u0D Jo AisleAiun amels yswo 1 ] Aq papeojumoq



259

INDUCED SMECTICS

‘[ 21qe]. ur asoy) se awes Yl A[Sutpuodsallod st sjoquiks ayl Jo Sutueawr ayJ

810 9'1LS 9726 108T'1 10L02 €98 80.0C 9569y S
191°0— 19 6€L01 918T'1 6190C 798 6790 06€0'Y v
8600 1¥'6LS 19v€1 o— SP8T'1 o7 998 $IS0T $6TT'E £
LT10 80°LLS (4174 06821 £8€0°C TS SEEOT £10L'1 [4
osI'1 01°0LS 80LIS £16Z'1 67207 9’8 6£70T £5¥8°0 1
[wiow] [ jow w] [ jow w] [ 8y w] [ 3y w] 8qu o 863 01 X8 oN
+dW0  OISE(o¥ 1) samsad (01 X & O X 584
501 — Ol —g57

M §1°867 1 duexayo[ahd ul (XVSD)
auazuaqAxozejAyuad-u-ip-,d*-d— Auaydiqiliuad-u-oueks-,d-d :u1a1sAs ay1 10j synsd
q 1 1p-, (80d) 1 1q1 ! J sInsay

111 3719vL

'] 3[qe] ul 350y} st awes ayy K{Furpuodsariod s1 spoquiks a jo Sutuesw dy|

£81°0— 9L€9§ LLLOT 9187l 79990 €S8  €190T T069°€ S
8T1°0— 6€'195 17621 $E]T'1 YIYPOT 0S8 PESOT 0£80°€ ¥
8P[0— SP'TIS $S691 A $98Z°1 SUIPOT  Iv8  6E00T 0ziv'e £
1L0°0— €155 162€T $88T'1 9€8E0'T 678  ¥SE0T TLILT 4
£50°0— 97 05§ 6179 TI6T’1 65S€0°C  €I'8  LZTOT 1L98°0 I
[(wiow] [ jow w) [ jow w] [ 3y w] [ 3% w] squ 0 543 01 X &4 ON
«diT  015%(c¥ gL) sausad Ol Xdg 01 x5
501 = Ol —a

N S1°867 18 UBX3YOIILD Ul (X VD)
suszuagAxoze[Aing-w-tp- d‘-d—(gHJ) 1Auaydiqifiuad-u-oueko- d‘-d wansks ay3 10] sjynsay

11 318vL

€T0c Aeniged TzZ 6G:TT e [01pey pue sweisAS [04u0D Jo AisleAiun amels yswo 1 ] Aq papeojumoq



W. WACLAWEK, R. DABROWSKI and A. DOMAGALA

260

*gDd Jo uoundely 1ydiam ayl uo ‘S ‘IUBXIYO[IKD
ur suonnjos gd JO Xapur 3A1dRIJAI Jo arenbs jo 3ouapuadap ayi jo adofs an—~(Yme/ ug) = A
D=Vm
©2'1 ‘uonqyip auyul 0) paiejodelIxa aUBXaYOPAd Ul gOd JO UONOEBIJSL IRjowl 3Y1-S(oaV ¥)
‘I 3]qeL u1 3soyl se swes Yy A[Suipuodsaliod st spoquiks 3yl jo Sutuesw syJ,

0T91 8L°98 LEO  S8IE0°T £2°695 LT0~ SE6T'1 '8 9¢10T
(w.5] [_low w] £ Su (tow w] [ 8 w] [ 8. w] » 83
o01V?d  J018(aV ¥) HOI-8(eVF) 01 X¢g 01 XS4

M S1°867 Ye 2uexayO[Ad ur gOd Jo ‘v’ d ‘iusuow ajodip pue S(acV gL) ANjiqezitejod Jejow €10

A F14VL

‘T 21qe] Ul s0Y) se awes ayy A[Surpuodsaliod st spoquiks 3yl jo Juiueaw ayJ

0T1'0— 76095 (08441 Ly8T'1 WOrP0T LY 90S0°T LL8T¢ S
yTeo TEUS 6€8LI1 898Z°1 10Zv0C S8 LTYOT 9T 14
13402 867765 SLIET 17°0— 088T'1 SCRE0T  S6'8  8S€0°T 1LE0°T £
$90°0 €6'v8¢ L09¢E €68C°1 SLYEO'T  LL'8  66T0°C 90v°1 [4
»01°0 L8'8LS SE6E9 01621 SELEOT 198  61T0T 100L°0 I
[,w [ou] [, _fow w] {,_1ow ;] [,8 (] [, qw] sgu o ) NI Xim  oN
iV 0158 (cc¥ gd) famsEd 01 Xd 01 X588
501 1 401 BT

A S1°86T 18 SUBX3YO[IKd Ut (XV9D)
auszuaqAxoze|Axay-u-1p- d-d—(gDd) 1Auaydiqihiuad-u-ouekd- d°-d :wid1sks ay) 10J synsay

Al 74V.L

€T0c Aeniged TzZ 6G:TT e [01pey pue sweisAS [04u0D Jo AisleAiun amels yswo 1 ] Aq papeojumoq



261

INDUCED SMECTICS

‘A 2Jqe] ut 3soyl se awes oyl A[Suipuodsaliod st sjoquiks 3yl Jo Suuesw sy

019 9T’ LTI €0  S8I€0°T #0961 §T0— SE6T'1 0zt 9€10T  IAxay-u

£0'9 vS6ll 6£0  SRIF0T 6,981 82°0— SE6T1 0£TT 96107 1fuad-u

£1°L 86°€01 0r'0  S8IE0°T §9°L61 9€'0— SE6T°1 $99'I  9£107  1Aing-u

8L'S LULL 89°0  S8I€0T v8°0p1 v 0— $E6T'1 TEOT 9EI0T  iAyew
[w.>] [ _low w] A Su [low w] [ 8 w] [_3% ] © CH LS 1\
0018°d  OIS(o2 ) Ol dt) 01 XEg 01 XS4

S S1'867 1 UBXaYOPAD Ul *X YU

IA 378VL

‘saudzuaqAxoze|Ay[e-u-1p-,d*-d jo ‘€"7d “yuawous ajodip pue S(ocd L) Alijiqezuejod sejow [B10]

€T0c Aeniged TzZ 6G:TT e [01pey pue sweisAS [04u0D Jo AisleAiun amels yswo 1 ] Aq papeojumoq



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:59 21 February 2013

262 W. WACLAWEK, R. DABROWSKI and A. DOMAGALA

Lo 1 107"

by T

i L L
i, 2 (~mel]

Sas¥es

FIGURE 2 Dependence of 1/AP* = 1/ {P4%)ss — (P4%)s versus My/paswss for the p-,p’-
cyano-n-pentylbiphenyl, A,-p-,p’-dimethylazoxybenzene, B,-cyclohexane system.

ess differ only a little in energy from the ordinary non-specific van der Waals
interaction.

Thelinear part of the 1/ ArP* versus 1/waspgs plot for all the systems studied
made it possible to evaluate (ArPo)s and K’s for the 1:1 complexes. The data
as well as the dipole moment of the complexes, p,,c are summarized in Table
VII. The first three systems, viz., those with C1AX, C4AX and C5AX have
exhibited fairly large K values 20-30 dm*/mol, while the corresponding
(ArP®)s values are only a little smaller (for C1AX and C4AX) or larger (for

TABLE VII

The stability constant, K, the change (A1P%)gin the system molar polarizability due to the com-
plex formation, the complex dipole moment, p.,c. the angle , between the PCB and CnAX dipole
moments in the complex and A8 = 90° — @

K (ATP=)s10° pec X 10% 0 Al

Alkyl [dm’ mol™] [m’ mol™] [C m) [°] [°]
methyl 20.9 -15 17.20 90.0 —0.0
n-butyl 32.5 -36 17.63 90.6 —0.6
n-pentyl 28.7 15.2 17.50 87.8 2.2

n-hexyl 83 84.0 18.56 76.8 13.1
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C5AX) than zero. These values were expected assuming that: (1) there is no
charge redistribution in the system due to the molecular complex formation,
and (2) that the component molecular dipoles are oriented at right angle. Thus
the (ArP%)sdata show that, in the case of the complexes of CIAX, C4AX, and
C5AX with PCB, the dipole moments of the component molecules are dis-
posed nearly perpendicularly. The measured p,,c together with the determined
Pepcs and p..cnax values enabled us to calculate the angle, 8, between the PCB
and CnAX dipole moment directions in the complex. The data as well as
A0 = 90° — 0 are listed in Table VII. For the arrangement, the molecular di-
pole-dipole interaction is negligible hence it does not contribute to the system
over-all stability. The angle, 8, between the PCB and CnAX dipole moments
in the complex was calculated from the measured, p.c, value assuming no
charge redistribution due to the complex formation.”® The 8 values are listed
in Table VII. The dipole direction for PCB is parallel and that for CnAX is
approximately perpendicular to their respective molecular long axis. The 6
values obtained show that the above two molecules are nearly parallel in the
complex. Thus it seems that the molecular planes are disposed in a **sandwich
type’’ manner as shown in Figure 3.1 Such a type of the arrangement, on the
one hand, indicates no molecular dipole-dipole interaction due to 8 ~ 90°
and, on the other hand, suggests a contribution of the charge-transfer forces to
the stability of the complex in solution. The situation differs in the case of the
PCB-C6A X system, (see Table VII), presumably due to a steric effect caused by
the longer alkyl group attached to both ends of the molecular long axis. Here,
the complex stability constant, is lower (8.3 dm®/mol). But the complex for-
mation is accompanied by a higher (ArP)s value (84 - 10° m’/mol). The A8
value is 13.1°, which indicates that the alignment of the molecular long axes is
decreased as compared with the other systems studied. The dipole-dipole in-
teraction is increased as evidenced by the (ArP%);s value which may even lead
to a higher interaction energy than in the case of the other systems. It seems
that the mutual positions of the interacting molecules is of considerable im-
portance for the complex stability. In the case of the PCB-C6AX system a little
changein its molecular arrangement as compared with the three other systems
causes a pronounced increase in the (ArP>)s value.

Foa
WD
0

Ix
FIGURE 3 The arrangement of the PCB and CnAX molecules in the complex.

t But the 8 value of ~90° is also in conformity with a complex structure with the component
molecular planes at right angle.
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CONCLUSIONS

The data obtained for cyclohexane solutions of mixtures of PCB with CnAX
strongly suggest the 1:1 molecular complex formation taking place in the so-
lutions. Despite the pronounced magnitude of the component dipole mo-
ments pepce = 16.20 X 107°° Cm and pecaax = (5.78-7.13) X 107™° Cm the
molecular dipole-dipole forces do not contribute significantly to the complex
energy. It seems that besides the van der Waals interactions (dipole-induced
dipole and dispersive) an intermolecular charge transfer makes a contribution
to the over-all complex stability. This latter effect seems to be evidenced by the
presumable sandwich-like structure of the complexes. The formation of the
ISP is promoted by originating the complex molecules due to their increased
molecular weight and then the decreased mobility as compared with the un-
complexed (single) molecules. Thus the induced smectic phase formed consists
of the complex molecules (PCB-CnAX). The intermolecular forces responsi-
bie for the ISP formation operate between these molecular entities. The ISP
structure considered here seems to be quite similar to the interdigitated struc-
ture proposed for some one-component smectics to explain the unusal X-ray
data obtained for them.?'
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