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Phase diagrams and phase transition 
studies of a homologous series with both 
tilted and orthogonal hexatic phases 
WIESUW PYZUK, JADWIGA SZYDLOWSKA, EWA G~RECKA, 
ADAM KR6WCNfiSKI. DAMIAN POCIECHA and JAN PRZEDMOJSKI* 

Laborafory of Dielecf~ics and Magnetics Department of Chemistry, 
Warsaw UniVersi?y, Al. Zwirki i Wigury I0 1, PL -02089 Warsaw 
'Department of Physks, Warsaw T h ~ k d  University, Poland 

Both snectic hexatlc phases, Hex-B and Sm-F, were found m some three-nng 2-methylthlenyi 
dmvatwes termlnated wth alkoxyl substituenta. In a homologous sen= 'THI, the molecular 
temunal chams promote either tllted (for short chams) or orthogonal (for long chaurs) hexatlc 
mesophases For mkrmedrate length chams (ha- 14 or 15 carbon atoms), the phase 
sequence 1s Ha43 - Sm-r" - S m C  - Sm-A Tlus phase sequence allows observatmn of two new 
tnple potnts mvolvmg Hex-3 phase For some halogen subsQtuted h e n y l  denvatives other 
mured-tllt type phase sequence, Cry-G - Sm-F - Hex-B - Sm-A is found Phast bamitlons 
mvolvvlg hexauc phases were stuAed by DSC and X-ray scatknng method 

1. INTRODUCTION 

H d c  phases are examples of systems with short-range translational order, but 
long-range bond orientational order (Boo)." They have been predicted in 2D 
systems to exist as an intermediate state upon melting fiom crystal to liquid 
state. Liquid crystals are relativeiy rich in those phases but most of mesogenic 
materials &bit hlted h d c  smectic phases, Sm-F and Sm-1. In contrary, the 
untiiteid hexatic smectic phase, Ha-B, has been so fir encountered only in few 
compounds.* The thienyl derivatives presented in ths paper are examples of 
compounds which exhibit transition between tilted and orthogod h d c  
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W. PYZUK ET AL. 450 

phases, Ha-B - Sm-F. Materials with transitions dnven by moiecular hit 
between phases with alrertdy established BOO, are'of parhcular interest for 
testing theory of 2D melting, to examine the role of tilt-B00 coupling, as well as 
to study new rndticritid points.' 

We examined new group of enaminoketone compounds 

hereafter abbreviated as mTHIn. Our p r e b v  studies showed that phase 
diagrams of homologous Series are controlled by alkyl substituents ofthe thenyi 
ring. For m=O only orthogonal phases, Cly-B, Ha-I3 and SmA, are observed 
and the cormpondmg series nxa ls  typical generic phase diagxam? For n>2 
present m only their tilted counterparts, C f l ,  SmF md SmC. For m=l (THI 
series) both tilted and orthogonal smectic phases exist, and this intensting case 
is desaibed in the paper. 

2. RESULTS 

2.1. Phase diagram and optical studies 
The phase diagram of THI series (Figure 1) was established basing on optmi 
and DSC methods. Under polarizing mimscope all phases meal typical 
textms4 while studying iiee-suspended films as well as sampies between 
surficetreated microscopic cover glasses. Homeotropic textures could be easily 
obtained for orthogonal phases (SmA, Sm-8); conoscopic observations confirm 
uniaxiaIity of these phases. Schlieren textum were observed for tdted phases, 
SmC and Sm-E and the transition between them was charactenzed ' byintensive 
motions within the texture, followed by schlieren size changes. Patterns become 
more dark and schlieren texture finally vanishes to produce homeatropic 
orientation as the srn4c-B phase is approached. Bkdiingence changes are 
gradual for THIl.5, but for lower homologues, sharp changes are well visible. 

The phase diagram is, for short homologues, typical for systems having 
tilted smectic phases. For long homologues, its interesting fature is the parabolic 
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PHASE DIAGRAMS AND PHASE TRANSITION STUDIES 45 1 

shape of S d  phase bunday. For long homologues, thls phase as well as 
other tilted phase, SmE become destabhzed, in fiivor of SmA and Ha-B 
phase, respectively. In result, the SmF phase disappears for THI16. Resulting 
new triple point., Ha-B - SmF - SmC, is observed in bznary mktures. An 
unusual is the behavior 0fSm-C phase. For long homologues this phase does 
not vanish but its low and high-tmnperature limits are stabilized near 95 "C and 
110 "C, reqectively. The kink of the Sm-C - SmA phase transition line might 
suggest a differentiation between SmC phases fot long (w 15) and shorter THIn 
homologues. However. on phase diagrams of binary systems, e.g. 
THI13-THI17, RO krnk appears. 

151 
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1 3 5 7 9 11 13 15 17 19 
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FIGURE 1 Phase dugram for homologous THI series 

Momation about diagrams and phase transitions wexe compieted by DSC 
and X-ray studies. For example. the presence of h d e B  and cxystailineB 
phases in the THI series was established h m  binary phase diagram (Sect. 2.4.) 
and codrmed by X-ray scattix-ing method. These phases do not d8er in 
textures neither in homeotropic nor homogeneous orientation. 
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452 W. PYZUK ET AL. 

2.2. DSC studies 
The main results are: (i) - SmC - N phase transition is tirst-otder and its 
enthaipy increases with broadening nematic phase or, alternatively, with 
decreasing distance to more o d d  SmG or Sm-F phases; (ii) - both SmF - 
Sm-C and Hex-3 - Sm-C phase transitions are accompanied by strong pre- 
transitional anomaiies in the specific hw (ii) - Cry-C - SmF phase transition is 
first-order and its small enthalpy effect, which is controlled by temperature 
range of the hexatic phase, vauishes above a critical phase w i e  (iv) - Hex-3 - 
SmF phase transition is accompanied by small thermal effects. For THI15, a 
jump in the specific heat 016 Jg"K-', and, for THI1.I. a small peak WII% latent 
enthalpy of 0.10 Jg', independent on the scanning rate, are observed (Figure 2). 

0.3 

m 0.2 
3 
- 
- z 
J 
LL 

I- 
Q y 0.1 

0.0 

I I 

H e x 4  Sm-F I 
I I I 

90 100 
T ("CI 

FIGURE 2 
Hex-B - Sm-Fphase transition for THIl4 and TH115. 

Thermograms of THIn COmpOunds. Note dffment shape of heat flow signal at 

These results suggest, in agreement with optical studies, that the transition order 
is changed fium continuous (case of 'rHI15) to first+rder (case of m 1 4 )  as the 
system moves between Ha-3  - Srn-F - Sm-C and Cry-B - H a - 3  - Srn-F triple 
points. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
18

 1
8 

Fe
br

ua
ry

 2
01

3 



TA
BL

E 
I. 

Te
m

pe
ra

tu
re

s (
"C

) a
nd
, i

n 
pa

re
nt

he
se

s 
er

ita
lp

ie
s (

J 
g

') 
of

 th
e 

ph
as

e 
tra

ns
iti

on
s 

fo
r t

he
 c

om
po

un
ds

 o
f t

he
 I

'I
k

 se
rie

s. 

n 
cly

 
Sm

 -A
") 

Sm
-F

 
Sm

-C
 

sn1 
-A

 
N 

i5
0 

1 
0

 
15

5.
3(

12
6)

 
2 

0
 

12
7.

9 
(9

2)
 

3 
0

 
12

4.
1 

(7
6)

 
4 

0
 

10
4.

8 
(5

2)
 

5 
0

 
86

.5
 

6 
0

 
91

.3
 

(4
4)

 
7 

0
 

92
.9

 
(4

3)
 

8 
0

 
87

.4
 

(3
7)

 
9 

a 
62

.7
 

(6
9)

 
10

 
0

 
81

.2
 

(3
2)

 
11

 
0

 
79

.5
 

(7
1)

 
12

 
0

 
77

.8
 

(4
4)

 
13

 
85

.6
 

(7
8)

 
14

 
0

 
85

.0
 

(7
4)

 
15

 
0

 
91

.0
 

(8
4)

 
16

 
0

 
88

.9
 

(7
5)

 
17

 
0

 
94

.8
 

(9
5)

 
18

 
0

 
95

.2
 

(9
2)

 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

10
1.

5 
(1

9.
8)

 
91

.3
 

(6
.8

) 
86

.6
 

(4
.7

)h
' 

82
.7

 
(0

.4
) 

81
.6

 (0
.2

5)
 

71
.6

 (0
.0

4)
 

68
.4

 (0
.0

3)
 

80
.9

 (0
.0

6)
 

87
.3

 (0
.1

0)
 

91
.6

 (0
.1

6)
'' 

92
.9

 
(2

.8
) 

94
.5

 
(3

.8
) 

90
.2

 
0

 
94

.4
 (

0.
75

) 
0

 
96

.2
 (

3.
3)

 
0

 
96

.6
 (

3.
7)

 
0

 
97

.0
 (

3.
9)

 
98

.4
 (

3.
7)

 
0

 
98

.1
 (

4.
2)

 
97

.8
 (

3.
8)

 
0

 
96

.6
 (

4.
4)

 
0

 
96

.0
 (

4.
2)

 

0
 

0
 

0
 

0
 

0
 

0
 

10
8.

6 
(8

.4
) 

11
6.

8 
(6

.2
) 

12
2.

8 
(6

.2
) 

13
0.

5 
(0

.1
2)

 
13

1.
4 

(0
.1

3)
 

13
1.

2 
(0

.0
5)

 
12

9.
4 

(0
.0

6)
 

12
7.

5 
(0

.0
1)

 
12

2.
6 

12
0.

1 
11

1.
8 

11
0.

6 

12
8.

0 
(4

.9
) 

11
3.

8 
(1

.0
) 

0
 

0
 

13
8.

6 
(2

.9
) 

13
5.

1 
(3

.9
) 

0
 

0
 

13
0.

6 
(3

.1
) 

0
 

0
 

12
0.

0 
(1

.8
) 

0
 

z z rn 5 
0

 
13

7.
2 

(3
.4

) 
0

 
P

 
0

 
13

6.
3 

(3
.7

) 
0

 
8 k 

0
 

13
8.

7 
(4

.3
) 

0
 

rA
 

13
6.

0 
(1

4.
0)

b)
 0 

13
7.

4 
0

 
z z 

13
7.

0 
(1

4.
6)

 
0

 

2 
13

6.
8 

(1
4.

2)
 

0
 

13
5.

7 
(1

4.
5)

 
0

 

13
4.

2 
(1

4.
3)

 
0
 

2
 

13
1.

9 
(1

4.
4)

 
a

 

P
 z U
 

13
0.

9 
(4

.5
) 

0
 

13
7.

3 
(3

.9
) 

0
 

13
3.

8 
(3

.9
) 

0
 

13
7.

7 
(4

.3
) 

0
 

V
 m P
 z 

13
1.

0 
(1

4.
9)

 
0

 
8 z rA

 
c3
 

94
.1

 
(3

.6
) 

0
 

11
0.

7 
0

 
13

0.
9 

(1
4.

2)
 

C
 5 % 

"C
ry

-G
 (f

or
 n 

=
 4

 to
 1

0)
; C

ry
-B

 (f
or

 II
 =

 1
3)

 or
 H

ex
-B

 (f
or

 n
 =

 1
4 

to
 1

8)
. 

"t
ot

al
 e

nt
al

py
 fo

r u
nr

es
ol

ve
d p

ea
k5

 
"s

pe
ci

fic
 h

ea
t c

ha
ng

e (
Jg

 'K
 ')

 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
18

 1
8 

Fe
br

ua
ry

 2
01

3 



454 W PYZUK ET AL. 

2.3. X-ray studies 
The layer spacing, d, thus molecular hlt in long homologues of the THI series 
were determined by X-ray scattering method. Ofour special interest were phase 
transitions involving h d c  phases and some relevant results are presented on 
Figure 3. The SmF - S n d  phase transition was accompanied, in all studied 

E 

Cry-8 

32; 81 

I 

F 

I 
90 

100 
T l O C  

90 

FIGURE 3 Smectic spacing 4 VS. 
temperature near phase transitions 
involving Sm-F phase. Data for 'IT313 
(a. c) and "HI15 (b). 

compounds, by markedly increasing d. This fact expfains the in&e motions 
visible on scum ttxtmes. Within the resolution limits of our X-ray machme, 
no discontinuity of layer spacing at this phase transition has been detected for 
a i ~  examined THI~ compounds (discontinuities, ifany, 8 f e  below 0.02 1). x-ray 
results confirm our suggestions that the character of the phase transition changes 
along SmB - SmF he. In THI13, a distinct jump in layer spacing was detected 
(Figure 3a) and the temperature hysteresis of d confirms first-order transition. 
For THI14, the layer discon'tinurty is comparable to the experimental resolution 
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PHASE DIAGRAMS AND PHASE TRANSITION STUDIES 455 

limit, but, for THI15, it cannot be detected at all. Further. our resuits show that 
the Ha-B - SmC transition is also continuous. Surprisingly, not only layer 
spacing but also its slope seem to evolve continuously, like in the case of the 
SmF - SmC phase ttansition in THin compounds. In m d c - B  phase, the layer 
spacing is almost 1 A larger (at least for higher homologues) than h the SrnA 
phase. E.g. for THI16, relevant values are 37.0 1 and 36.2 A m v e l y .  It 
points probably to low orientational order in the SmA phase, andor to some 
confonnational disorder of akoxyl chains at high temperatures. 

2.4. Binary phase diagrams 
Several binary phase diagrams were studied in order to iden@ the low- 
temperatue orthogonal phase, as well as to confirm the presence and to locate 
new triple points. Some dmgrams for binary systems of THI13 and THIl4 with 
reference compounds having C p B  - (Hex-B 9 SmA phase sequence are 
presenbed on Figure4. They d tfiat, besides the hewtic phase, there is also 
CryStatlinaB phase pment in the THI series. Tempemtma of the C p B  - Ha-B 
phase transition were determined h m  the extrapolation of the width of the 
h d c  phase to pure THIn compounds, they are shown on Figure 1. 

In bmry systems, the range of both tilted phases, SmFand S d ,  has to 
decrease with increasing concentrafon of such refmce compounds, which 
meal only orthogonal phases. In result, there are two triple points, Ha-B - 
SrnF - S d  and Hex4 - Sm-C - SmA, at the ends of the Ha43 - S A  
transition line. AU lines converging at these points might correspond to 
continuous phase transitions (with possible exception for theoretidy first-order 
SmF - Sm-C transition5). For this reason, triple points are of special interest, 
because they might be new multicritical points, at which the three involved 
phases become asympt~tically identical. 

3. DISCUSSION AND CONCLUSIONS 

Si@cant features of phase transitions between hexatidy ordered and 
d i s o r d e r e d  srnectic phases are the pretransitional m o d e s  in the speclfic heat. 
They result in more or less d f i d  DSC signals without, however, a noticeable 
peak rounding (cf. Figure 2). Such signals, easy to recognize, are not influenced 
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PHASE DIAGRAMS A N D  PHASE TRANSITION STUDIES 4.57 

by the molecular tilt, since their shape main  unchanged for tdtmi, orthogonal as 
well as rmxed-tdt type transitions (among possible combinations, Hex-B - Snz-rl, 
Hex-B - S d  and SmF - S d  transitions have been tested by us for several 
compounds). Broadened peaks were always found for systems having broad 
disordered smectic phase, A or C, if not being too close to crystal phases, B or G. 
Probably, more developed s m d c  layer ordering promotes more distinct 
changes of intermolecular distance at transition between disordered and hexatic 
smectics. Concomitant in-plane density changes are beiieved to be responsibie 
for the specific heat changes? 

Some universal features seem to chancterize phase transitions between 
h d c  phases, as well as between h d c  and crystalline phases. The thermai 
effects at theHex-B - SmF and Cly-B - Sm-F transitions, observed for THIl4 
and THI13, respectively, are all of the same order. Thus we conclude that latent 
enWpy is only weakly related to the building-up of the long-range positional 
order in systems with BOO. In hct, no measurable t h d  effects (AH < 5 
dg") were detected at Cly-B -Ha-B phase W o n  in THI14. The effect of 
vanishing enthalpy has been previously observed in several crystalline - h d c  
systems, both tilted6 and 01th0g0d.~ For some of these systems, strong 
disumtinuities of in-plane correlation length, which codinn firstacier transition, 
have been p v e d  by high-resolution x-ray scattering method! 

Further examples of the evolution of phase sequences suniiar to those 
observed for the THI series, may be obtamed for some other chemically related 
compounds. We modiiied parent THI structure in two ways: 
(i) - toiyi ring is intrcxiuced into moiecules instead of 2-methylttuenyl ring. In t h s  

case, the transition h r n  tilted to orthogonal phases is also induced by long 
terminal akoxyl groups. However, a crystalline4 phase appears instead of the 

SmL) inmenes between the smectic pha~es,~FandB; 
(5) - the second way is referred to thienyl compounds, mTHIX, with long akyi 
substrtuent fixed instead of methyI gmup, but with allcod r e p l d  by a small 
halogen substituent X = F, Cl, Br, I. In this case the SmA phase is always 
present However, the appearance of more ordered phases, orthogonal Hex-B 
and Cry-B, or tilted Sm-Fand C v G ,  depends on the size of the substituent. For 
6THII compound having hey1 (m=6) and id0  (X=I) terminal groups, mixed-tilt 

hexatid phase and addit i~d,  ~eakly-trlted ktt~~~~diate phase (Pssibiy 

type phase sequence: 
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458 W. PYZUK ET AL. 

Cp-G - SmF - Ha-B - SmA - ISO P k  
93.2 96.5 111.0 162.8 T("c) 

is observed. For h s  compound, the phase transition SmF - Hex-B seems to be 
Continuous with a small decrease in the specific heat, ca 0.03 Jg%', clearly 
seen on DSC thennograms. For a more bullcy subdtuent, X = CF,, smectic-B 
phasesareoverlappedbytheirtiltedcou~ whatresultsinalreadyknown 
phase sequence CW-G - SmF- sm-A? 

Summing up. compounds of the THI series are first thennotqnc liquid 
crystah, for whch transition between tilted and unW hexatic phases is 
reported. The orthogonal Hex-B phase appears, surprismgly, below tilted hexatic 
SmF phase, i.e. in an i n v d  phase sequence. Transition between these h d c  
phases is either discontinuous or continuous depending on the width of the 
Hex-B phase. The character of the layer spacing, or tilt changes, at ths 
transition is different fiom that having a corresponding tiltdriven Sm-C - SmA 
transition between disordered smectics. In the hemtic system, no distinct 
pretm&ional anomalies of the layer spacing are observed within the Sm-F 
phase. Close to theSmF - Sm-C -Hex-B triple ping found in binary mixtures, 
both Hex-B - SlnF and Hex-B - SmC transihions seem to be continuous. It 
suggests that this triple point is a new muhicritical point, even in the systems 
where phase transition Sm-F - S d  would be firshrder, as precbcted by the 
theory.' A n o d  phase sequence, with Continuous phase transition fiom SmF 
toHex-B phases on heating, has been found in pure mTHIX compounds. 

4. EXPERIMENTAL 

Emminoketone thienyl derivatives, mTHIn and mTHJX, were synthesized in a 
routine way,6 h m  approPriate 4-substituted-Z-acetyl-thienyls and 4-substituted- 
&oxylanilines, and products were carefbliy puxified by c w o n .  Chemical 
structures of both i n t e r m a  and final compounds were confirmed by 
elemental rinaiysis, NMR and IR spectra. 

Texture obmvations were pe&ormeci with Jenapol-U polarizing microscope 
equipped with Mettler HT82 hot stage. Thesmograms were taken using 
Perkm-Elmer DSC-7 at several Scanning rates. Layer spacing was determined 
h m  X-ray scattering for homeotmpidv oriented samples. placed in double 
oven With the wave vectDr accuracy of 1 10 A . 3 -1 
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