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HIGH RESOLUTION VOLUPETRIC STUDIES, SMECTIC-A - SMECTIC-C TRANSITION I N  4-n-NTYLPIlENYE 
THIOL-4*-n-DECYLOXYBENZOATE ( 10S5 9 

ANDRZEJ 2YWOCIkSKI and STEPAN A. WIECZOREK 
I n s t i t u t e  o f  Physical Chemistry, Pol i sh  
Academy of  Sciences, 01-224 Warsaw, Poland 

Abstract High resolut ion measurements o f  
m o l a r  volume V ( T )  and isothermal compressi- 
b i l i t y  coef f ic ien t  were made on pure 1OS5. 
The molar-volume va r i a t ions  show a c l a s s i c a l  
second order  smectic-A - smectic-C t r a n s i t i o n ,  
These da ta  a r e  very well  described by a mean- 
- f ie ld  Landau model. The i soba r i c  thermal- 
-expansion coef f ic ien t  has been calculated.  
The data  o f  the compressibi l i ty  a t  the SmA- 
-SmC t r a n s i t i o n  do not show any s ingular i ty .  

INTRODUCTION 

The compound 4-( n-pentyl )phenylthiol-4’-( n-decyl- 
0xy)benzoate ( m S 5 )  studied here belongs t o  the 
same homologous s e r i e s  as 4-(n-pentyl]phenylthiol- 
-4’-(n-octyloxy)bensoate (8S5), studied by us  pre- 
viously.1’2 Both these compounds exhib i t  the smec- 
tic-C ( S m C )  t o  smectic-A (SmA) phase t r a n s i t i o n  
followed by the smectic-A t o  nematic (N) phase 
t r ans i t i on .  The SmC-SmA t r a n s i t i o n  has been stud- 
ied extensively and the nature o f  the t r a n s i t i o n  
has been discussed (Birgeneau e t  al,’ and referen- 
ces the re in ) .  I n  the  majority o f  cases the mean- 
- f i e ld  model proposed by Huang and Viner4 i s  more 
adequate than the  c r i t i c a l  behavior model proposed 

399 

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

3:
16

 1
9 

Fe
br

ua
ry

 2
01

3 



400 A ZYWOCINSKl AND S. A. WIECZOREK 

5 by de Gennes. 

second order;  however, Huang6 suggests a poss ib i -  

have col lected experimental hea t  capacity data 
from which the mean-field parameters can be deter-  
mined and discuss  the e f f ec t  of the  SmA temperatu- 
r e  range on the behavior o f  the  SmC-SmA t r ans i t i on .  
This e f f e c t  i s  characterixed by a dependence o f  
mean-field parameters on the  s i z e  o f  SmA tempera- 
t u re  range represented by r = 1 - TAC/TNa. 

able  t o  ca lcu la te  one important dimensionless pa- 
rameter, to. I n  this paper we repor t  the r e s u l t s  
of V ( T )  and 
w i t h  r a the r  large s i z e  of  the  SmA temperature ran- 
ge. I n  conclusion the comparison w i t h  r e s u l t s  f o r  
8.~5 i s  given. 

The t r a n s i t i o n  i n  a l l  compounds s tudied is  

l i t y  o f  a first order.  Recently, €hang and Lien 7 

From our  precise molar-volume data we were 

p T ( T )  data f o r  n S 5 ,  the  compound 

1 

EXPERII’rlEN TAL 

Accurate measurements o f  volume versus tempe ratu- 
r e  were car r ied  out  i n  di la tometer  shown i n  Figu- 
r e  1. The di la tometer  D cons is t s  o f  a c a p i l l a r y  C 
0.3 mm i n  diameter and 37 cm long, connected with 
9 cm vesse l  surrounded by a pressure jacket  PJ ,  
A t  the bot tom o f  the vessel  and o f  the c a p i l l a r y  
about 2 cm mercury i s  placed. The presence o f  
mercury a l lows  making measurements wi th  both in-  
creasing and decreasing temperature. The volume o f  
the di la tometer  was determined during the cal ibra-  
tion run w i t h  deionized and degassed water; the 
r e s u l t s  o f  volume v e r s u ~  he ight  o f  mercury i n  the 
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SmA-SmC PHASE TRANSITION IN losf 401 

0 M2 

FIGURE 1. Schematic diagram o f  the apparatus: 
D, dilatometer;  C, cap i l la ry ;  RM, reference 
mark; JliJ3, t aper  jo in ts ;  PJ, pressure jacket ;  
LC, sample o f  l i qu id  c rys t a l ;  MS, magnetic stir- 
r e r ;  HG, mercury; T1, t e f lon  needle tap; T2, 
t e f lon  tap; B, bulb w i t h  degassed sample; M1, 
M2, mercury manometers; VliV5, valves; VA, va- 
cuum; OP, overpressure; Al?, atmospheric pres- 
sure. 

cap i l l a ry  were correlated by a l i n e a r  equation 
w i t h  the standard deviation 6 = 4X10-6 cm . The 
ca l ib ra t ion  w a s  made i n  the temperature range be- 
tween 318 I[ and 357 K .  However, the absolute  vo- 
lume o f  the di la tometer  could d i f f e r  i n  ind iv i -  

3 

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

3:
16

 1
9 

Fe
br

ua
ry

 2
01

3 



402 A. Zl"W0CINSKl AND S A WIECZOREK 

3 dual runs by l e s s  than 0.001 cm , owing to  the 
use o f  a Teflon needle t ap ,T l .  

degassed sample; the sample of the  l i qu id  c r y s t a l  
warmed t o  the i so t ropio  phase i s  flowing from the 
bulb B under the force of g rav i ty  through the open 
taps T1  and T2 i n to  the  dilatometer.  The dilatome- 
t e r  i s  then placed i n  a 70 1 water thermostat as- 
suring a vigorous s t i r r i n g  and a s t a b i l i t y  o f  lo- 
c a l  temperature b e t t e r  than -0.2 mK. The tempera- 
t u re  w a s  determined with a Tinsley 5187 SA p l a t i -  
num thermometer ca l ibra ted  on IPTS-68 and conti- 
nuously monitored w i t h  a HP 2801A quartz thermo- 
meter. 

constant pressure equal t o  1.013 bar; t h i s  was 
assured by compensating the pressure o f  t he  mer- 
cury column i n  the cap i l l a ry  by means o f  an ex- 
t e rna l  manometer M l  connected t o  the end of the 
cap i l l a ry  (Figure 1,  AhD = Ah,]. The small d i f -  
ferences i n  pressure (wi th in  a few T o r r )  were cor- 
rected i n  ca lcu la t ions  by using the compressibili- 
t y  o f  the  sample, determined during the run. I n  
the a i m  t o  determine the isothermal compressibili- 
t y  coef f ic ien t  Pr the  run under the pressure o f  
about 2.0 bar w a s  made. In  t h i s  measurement the 
pressure expansion o f  the  vesse l  o f  di la tometer  
w a s  avoided by apply the equal pressure t o  the 
pressure jacket and t o  the sample o f  l i q u i d  crys- 
ta l  ins ide  the di la tometer  ( t h e  height o f  mercury 
i n  the cap i l l a ry  C was always taken i n  the  consi- 
dera t ion) .  

The dilatometer is f i l l e d  under vacuum w i t h  

+ 

The measurements o f  V ( T )  were done under a 
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SmA-SrnC PHASE TRANSITION IN loss 403 

The sample o f  mS5 w a s  synthesized by'lZD Che- 
mipan" and w a s  f u r t h e r  pur i f ied  by us by a very 
slow c r y s t a l l i e a t i o n  f rom methanol. The t r a n s i t i o n  
temperatures are as follow TAc - 337.30 I[, TNA = 
= 3=:/4.35+354.38 K and TN, = 359.62+359.65 H ( f o r  
the first order t r ans i t i ons ,  the  coexistence range 
is  c i t e d ) ,  

RESULTS AND DA!l!A ANALYSIS 

Molar-volume data 
The molar-volume va r i a t ions  w i t h  temperature have 
been measured i n  the  temperature range 334.65+ 
+339.35 K. In  the immediate v i c i n i t y  o f  the  SmA- 
-SmC t r a n s i t i o n  the  volume has been measured w i t h  
a temperature s teps  about 10 mK, The r e s u l t s  a r e  
presented i n  Figure 2 and show a typ ica l  cusp-like 
s ingu la r i ty  w i t h  a s t rong p re t r ans i t i ona l  e f f e c t  
on the SmC s ide and w i t h  a straight l i n e  on the 
SmA side.  A shape o f  this curve suggests tha t  the 
power-law equations can not be appl ied i n  t h i s  ca- 
se.  Thus we have used the mean-field 
derived from Landau model 

where t = T/TAC - 1 and to i s  a crossover tempera- 
tu re ,  A meaning o f  parameter to is explained i n  
Figure 3 *  The parameter to character izes  a d i f f e -  
rence between th i s  t r a n s i t i o n  and hypothet ical  
t r i c r i t i c a l  behavior represented by extrapolated 
curve V(T) t o  the point t = to /3  a t  which dV/dT 
i s  i n f i n i t e  (dashed l i n e  i n  Figure 3 ) .  
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404 A. ZYWOCINSKI AND S .  A. WIECZOREK 

FIGURE 2. Molar  volume near the SmA-SmC tran- 
s i t i o n  in f i S 5  (upper curve),  with a l i n e a r  
background VBG = a + bT subtracted, plotted 
against temperature: a 
b = 0.3738 cm3m01'1(0C)-1. Lower par t  shows 
isothermal compressibility c o e f f i c i e n t s  PT(T). 

3 447.973 cm mol-', 
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Snu-SmC PHASE TRANSITION IN loss 405 

FIGURE 3.  Meaning o f  the cros8over tempera- 
tu re*  to. 

Eqs. ( 1 )  were f i t t e d  t o  the  experimental V ( T )  
data using a widely ava i l ab le  nonlinear l e a s t -  
-squares program.8 The t r a n s i t i o n  temperature TAc 
w a s  not  a f i t t e d  parameter and w a s  fixed a t  a va- 
l u e  establ ished during the preliminary f i t s  as it 
w a s  described earlier.:! The parameters o f  E q s .  ( 1 )  
obtained i n  f i t s  along wi th  the standard devia- 
t i ons  a re  given i n  Table I. Three d i f f e ren t  tempe- 
rature ranges were taken i n  the ca lcu la t ions  and 
the r e s u l t s  show that the parameters a re  s t a b l e  
t o  range shrinking. In  a l l  f i ts  the standard de- 

3 v ia t ions  6c 1.2~lO-~ cm mol” were obtained. 

s ion coef f ic ien t  OC ( T )  has been calculated f r o m  
the equations 

The temperature dependence of thermal expan- 

P 

T-TAC 
B 

1 

V( T) TAC’ 

V ( T P A C  * 
(2) [- X( 1-3t/ t  0 ) - ’ / z  + B’] 

T<TAC. 

apW = 
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Smt-SmC PHASE TRANSITION IN loss 407 

The curve o< ( T )  calculated from E q s .  2 i s  shown 
i n  Figure 4; calculated value8 o( (T 1 a r e  given 
i n  Table I, 

P 
P AC 

mi- l I I 

FIGURE 4. Calculated thermal expansion coef- 
f i c i e n t  near  the SmB-SmC t r a n s i t i o n  i n  m S 5 ,  
plo t ted  aga ins t  temperature. 

For comparison w e  have col lected some r e s u l t s  
1 f o r  mS5 and f o r  8S5 i n  Table 11, The values  o f  

to obtained f r o m  our volumetric measurements f i t  
very well t o  a general  tendency' o f  to changes . 
w i t h  varying r = 1 - T /T  AC NA' 

TABLE I1 
=oc (T - )  - o( ( T  + )  for two compounds with 
d i f f e ren t  s i z e  o f  SmA temperature range. 

Parameters r, to, and AM, = 

P AC P AC 

Compound r 1 0 % ~  1o4a0c, 

f K-' 

13s 5 0.048 4.4+4.9 0.25 

8s 5 0.023 1.3+2.1 0.50 
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408 A. ZYWOCINSKI AND s. A. WIECZOREK 

Isothermal compressibil i ty 
The isothermal compressibil i ty of m S 5  was measu- 
red as a function o f  temperature a t  constant pres- 
sure  and the isothermal compressibi l i ty  coeff i -  
c i en t  Pr = -V'l( dV/dp)T was calculated.  Results 
a r e  shown i n  a lower pa r t  of Figure 2. There i s  
no s ingu la r i ty  i n  p T ( T )  on bo th  s ides  o f  the 
t r ans i t i on  temperature Tsc. The data show that  rT i s  independent o f  temperature i n  t h i s  r a t h e r  
narrow temperature range and i s  equal within ex- 
perimental e r r o r  f o r  both SmC and Smb phases. For  
the SmA phase PT remains constant up t o  6 K abo- 
ve TAc. Far ther  it increases  slowly t o  about 
0 . 7 8 8 ~ 1 0 ~ ~  bar" a t  temperature 353 K where a 
strong p re t r ans i t i ona l  e f f e c t  o f  the first order  
SmA-N phase t r a n s i t i o n  i s  observed' ( m a x i m u m  value 

measured a t  the SmA-N t r a n s i t i o n  i s  5 . 7 ~ 1 0 ' ~  
bar  1. 

In  the v i c i n i t y  of  the SmA-SmC t r a n s i t i o n  
mean values o f  PT and t h e i r  standard deviat ions 
were calculated.  These values a r e  (0.61620.004)~ 
x I O ' ~  bar" and (0.620~0.002j%10-4 bar" f o r  SmC 
and SmA, respectively.  

PT- 1 

CONCLUSION 

We have found tha t  molar-volume va r i a t ions  near  
the  SmA-SmC t r a n s i t i o n  f o r  R S 5  a r e  wel l  descr i -  
bed by the  mean-field model. For t h i s  model we 
have found the crossover temperature to i n  the 
range from 4 . 4 ~ 1 0 ' ~  t o  4 . 9 ~ 1 0 - ~  f o r  r = l-TAc/TNA= 
= 0,048. This value i s  consis tent  w i t h  r e s u l t s  
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SmA-SrnC PHASE TRANSITION IN loss 409 

reported by Huang and Lien' and obtained from 
hea t  capaci ty  measurements. 

the jump of i s o b a r i c  thermal-expansion c o e f f i c i e n t  
a t  phase t r a n s i t i o n  AOC ( T  
Thus we conclude that SmA-SmC t r a n s i t i o n  i n  f i S 5  
has a na ture  q u i t e  d i f f e r e n t  from t r i c r i t i c a l  be- 
havio r . 

Another i n t e r e s t i n g  r e s u l t  has been obtained 
from compressibi l i ty  measurements. I t  has been 
found tha t  is0 thermal compre ssi b i l i  t y c o e f f i c i e n t  
is independent of temperature i n  the v i c i n i t y  of 
the SmA-SmC t r a n s i t i o n  and i s  equal i n  both pha- 
s e s  within experimental e r r o r  l e s s  than 1%. 

From our  V (  T )  measurements we have estimated 

-4 K-l* 1 = 0 .25~10 
P AC 
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