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We have measured the pitch of cholesteryl propionate-nonanoate mixture at different weight 
ratio for various temperature. The pitch of ternary mixture, cholesteryl propionate, nonanoate 
and myristate, was also measured as a function of temperature and concentration of cholesteryl 
myristate when the weight ratio of propionate and nonanoate is kept equal. The molar twisting 
power (p) was calculated by employing Bak and Labes' equation and the relation between 
twisting power and temperatures is found to be linear for cholesteryl propionate, nonanoate and 
myristate in the temperature range away from transitions. 

For the mixture with smectic mesophase the temperature coefficient of the pitch is anomalous. 
The v (critical exponent describing the divergence of the smectic correlation length) for cholesteryl 
nonanoate is found to be 0.611 which is in excellent agreement with de Gennes' prediction. 

I NTR 0 DU CTlO N 

It is well known that the pitch of cholesterics can be changed by pressure, 
temperature and concentration. In the binary mixture of the cholesteric 
liquid crystal, the relation between pitch, temperature and concentration has 
been investigated by many auth01-s.'~~ Chen and Chou8 also had calculated 
the molar twisting power of cholesteryl propionate and acetate by using the 
equation derived by Bak and Labes. They found that the molar twisting 
power is linear in temperature for the temperature range which is away from 
the transitions. The dependence of pitch on concentration had been studied 
theoretically by many people.9P13 Bak and Labes, by extending the concept 
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222/[878] S. -H.  CHEN A N D  L. S. CHOU 

of the long range distortion induced by chiral molecules in a nematic matrix, 
hake obtained an equation governing the pitch-concentration relation for 
multicomponent liquid crystal mixtures. It is a phenomenological equation 
and seems that it can explain the experimental data quite successfully. 

In this paper, we report the data on composition and temperature depen- 
dence of the pitch in the cholesteryl propionate-nonanoate mixture and 
cholesteryl propionate (CP), nonanoate (CN) and myristate (CMy) mixture. 
Bak and Labes' equation was used to compute the molecular twisting power 
for those samples. The relation between the molecular twisting power and 
temperature is discussed. Because of the presence of cholesteryl nonanoate 
and cholesteryl myristate, in which they have a smectic-A phase at  lower 
temperature, the mixture shows smectic-A mesophase when the weight ratio 
of CN and CMy is large. The influence of smectic phase on the pitch is also 
discussed. 

EX P E R I M E NTA 1 

A Schimadzu double beam spectrophotometer was employed to measure 
the reflected peak of the sample when it was arranged perpendicular to the 
light beam.14 The sample was sandwiched between slide glass and cover 
glass and heated by a block heater. The temperature was controlled within 
0.1 "C and the reflected wavelength was measured with an accuracy of f 5 A.' 
The cholesteric compounds were purchased from Merck and used without 
further purification. Their transition temperatures were determined by 
Reichert Thermovar. Cholesteryl propionate (CP) shows a melting point at 
T = 96°C and a clear point at T = 114°C. Cholesteryl nonanoate (CN) 
melts at T = 80°C to cholesteric mesophase and becomes normal liquid at 
T = 91°C when heating. Upon cooling, CN changes to cholesteric phase at  
T = 91 "C and transfers to smectic phase at T = 74"C, then solidifies by super- 
cooling. By heating, cholesteryl myristate (CMy) melts to smectic phase at 
T = 70°C, becomes cholesteric phase at T = 80°C and shows a clearing 
point at T = 85°C. During the cooling from normal liquid, the sample 
shows no cholestericphase and changes to smectic phase directly at T = 80°C. 
The solidified temperature can not be determined due to the supercooling. 
In the cholesteric phase of CMy, the reflected peak can not be detected in the 
visible and ultraviolet range. The mixture was obtained by mixing the 
cholesteric compounds in chloroform solution. In order to obtain a uniform 
color display, the glasses were cleaned by cleaning solution and rubbed. The 
sample was touched to make sure that the planar texture was formed before 
the data were taken. Masubuchi et a1.lS reported that there is a linear 
dependence of index of refraction or density on temperature for cholesteric 
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MOLECULAR TWISTING POWER [879]/223 

mixture and the influence on the pitch due to the temperature dependence of 
refractive index and density is quite small when compared with the twisting 
angle change caused by temperature itself. The value of f i  = 1.5 and d = 1 
g/cm3, which was used in calculating the twisting power, seems to be a 
reasonable one. The accuracy for the twisting power of cholesteric component 
should be within 10 %. 

RESULTS AND DISCUSSION 

A 

Figure 1 shows the temperature dependence of the pitch for the binary 
mixture at different weight ratios. The pitch was obtained by p = Ale, where 

Binary mixture of cholesteric liquid crystal 

W T  . RATIO 
C N  : CP 

A ( 1 0  : 0 )  
B (  9 :  1 )  
C (  7 :  3 )  
D (  5 ;  5 )  
E (  3 :  7 )  
F( 1 : 9 )  
G( 0 : l o )  

TEMPERATURE ( O  C ) 
FIGURE 1 
at different weight ratios. 

Temperature dependence of pitch in cholesteryl nonanoate-propionate mixture 
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224/[880] S.-H. CHEN A N D  L. S.  CHOU 

i is the wavelength of the reflected peak and ii is the average index of refrac- 
tion of cholesteric mixture. The value of Fi is chosen to be 1.5 and it scarcely 
varies with It is obvious that curves A and B have extremely 
high temperature coefficient and the mixture for those two curves with a large 
proportion of CN shows a smectic phase at lower temperature. This indicates 
clearly that the anomalous temperature dependence of pitch is linked with 
the pretransitional effect at the cholesteric-smectic phase transition. 

The molar twisting power was computed by using the precise pitch-con- 
centration relation which was derived by Bak and Labes. The equation for 
binary mixture can be written as : 

(1) 
M C N  MCP 

where WCP(CN) = weight fraction of the cholesteryl propionate (nonanoate) 
and N is Avogadro's number 

is the density (g/cm3) of the mixture and dCP(CN) is the density of the cholesteryl 
propionate (nonanoate). The parameter APCp, CN is defined as : 

APCP,, ,  = 2PCP,CN - [ (K) M C N  BCP + (2) B,,] 

where PCP(CN) is the effective (or mean) molecular twisting power between 
CP(CN) molecules only. When P is positive (negative), the helical structure is 
right (left) handed. In equation (l), the left-hand side is linear in WCp and the 
plot is shown in Figure 2. Figure 2 is obtained by the least square fitting of 
three typical different temperatures at various weight fraction of CP. 
M,, = 443 g and MCN = 527 g were used. By letting Wcp = 0, the values of 
the line intersecting at the vertical coordinate is equal to MCp/2pd, which is 
just NPcN(Mcp/McN) by Eq. (1). In this way, we calculated the values for 
NPCN at different temperature and Figure 3 gives the results. From the slope 
of straight line and using the value of NP,,, we can compute NPCp as a 
function of temperature and Figure 4 shows the value of NB,,. Figure 3 and 
4 imply that the data for the twisting power of CP  and CN can be fitted in a 
linear relation with temperature for the temperature range away from the 
transition. The result is consistent with what Chen and Chou reported before. 
In other words, the relation between pitch of CP  or CN and temperature is 
hyperbolic that was predicted by Keating." 
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MOLECULAR TWISTING POWER [881]/225 

WEIGHT RATIO OF CP 

0.1 0.2 0.3 0.6 0.5 0.6 0.7 0.8 0.3 1.0 

6 B 0 C  

76OC 

8LOC 

FIGURE 2 
ratio (WCJ of cholesteryl propionate at different temperatures. 

Plot of [ M , ,  + (McN - M,,)W,,]/Zpd - nA/3cp,cNWcp(l - W,,)  vs weight 

TEMPERATURE ("C) 

- 3.00 

-1 1.00 1 

-1 2.00 
FIGURE 3 Dependence of molar twisting power of cholesteryl nonanoate on temperature. 
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TEMPERATURE ( " C )  

- ioo ,  6,8 I ?  1; 8: 0: 

-6 .00 - 
w 
E 

0 
c - 
a " 
c 

- 7 . 0 0 -  

~ 

FIGURE 4 Dependence of molar twisting power of cholesteryl propionate on temperature. 

We have used Eq. (1) to compute the values of NAfic,,,, and it is found 
that their values are in the order of lo5 cm2 which is quite small ( -  10%) 
when it is compared with NPCP(,,). 

It means that the deviation of molar twisting power (N&P,CN) between 
CP and CN from the average value of NP,, and NP,, is small. This can be 
accounted for the reason of the success of linear additive law. The dependence 
of NA&.,,,, on temperature is shown in Figure 5. 

When the cholesteric sample with a smectic phase at  lower temperature, 
an equation similar to the elastic constant was proposed by de Gennes2' as 
follows, 

P = P, + D ( T -  T,)-" 

where v = critical exponent describing the divergence of the smectic correla- 
tion length; P = the pitch of CN;  and P,  = the intrinsic pitch of CN or 
the pitch for temperature away from the cholesteric-smectic transition 
temperature ( T,), namely, the pitch containing no smectic phase influence. 
We use the value of curve A in Figure 1 for P and P, = MC,/2N&.,d, in 
which the value of NP,, in Figure 3 was employed. The plot of log(P - P,) 
vs log(T - T',) is shown by Figure 6. It is a straight line and its slope gives 
the value of - v  and T, = 74°C is used. The value of v is found to be 0.611 
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MOLECULAR TWISTING POWER [883]/227 

TEMPERATURE (OC 1 

0 

-0.5C - 
5 

.LI 

0 - 
v. 

T 

2 -1.oc 

" 
e 

-1.5c 

FIGURE 5 
cholesteryl nonanoate and propionate. 

Temperature dependence of the molar twisting power deviation (NAPc,-,cp) for 
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228/[884] S.-H. CHEN AND L. S.  CHOU 

which is in good agreement with the values obtained by elastic constant 
measurements2 1-23 and de Gennes' predication. Pindak et al.24,25 also 
reported the similar value of v for CN. It is worthy to notice that the value of 
v is quite sensitive to the choice of T, which is hard to  measure accurately. 

B Ternary mixture of cholesteric liquid crystal 

The equation governing the relation between pitch and weight fraction of 
the components can be written as : 

+ %=(I - @)(I  - WCMY)]. 
MCN MCMy 

CI = the weight fraction of CP component in the mixture of C P  and CN only. 
WCMy = the weight fraction of CMy component in the total mixture of CP, 
CN and CMy compounds. 

The right-hand side of Eq. (2) is linear in WCMy . Thus a plot of the left-hand 
side of Eq. (2) vs WCMy for a fixed a value should yield linear behavior over the 
composition range of WCMy . 

For the ternary mixture of CP, CN and CMy, Figure 7 shows the tempera- 
ture dependence of pitch at different weight fraction of CMy when a = 0.5. 
The figure also indicates the pretransitional smectic effect in curve G, H and 
I. The left-hand side of Eq. (2) is plotted for a = 0.5 vs weight fraction of CMy 
(WCMy) at different temperature and the least square method is used. Because 
that the molar twisting power is related to the intrinsic pitch of the cholesteric 
component by NP = M/2pd,  we have avoided the data of curve G, H and I of 
Figure 7 in the least square fitting process. By extrapolating the straight line 
in Figure 8 to WcM, = 1, the value of NPCMy at different temperature is 
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MOLECULAR TWISTING POWER [885]/229 

4001 

3 501 

- 
0 4  - 
I 
U + 
a - 

300( 

2 501 

WT. RATiO 

CN : CP ' CMy 

A 5 '  5 : O  
B 4 . 5  : 6 . 5  : 1 
c 4 .  4 ' 2  
0 3 . 5  , 3.5 : 3 
E 3 : 3 : 4  
F 2 . 5  . 2.5  : 5 

ti 1 . 5  : 1 . 5  : 7 
G 2 : 2 : 6  

I 1 : 1 : e  

8 

C 

I LO 50 60 70 80 90 100 110 

TEMPERATURE T ( O C  ) 

FIGURE 7 Temperature dependence of pitch in the cholesteryl nonanoate, propionate and 
myristate ternary mixture at different weight ratios of cholesteryl myristate when the weight 
ratio of cholesteryl nonanoate and propionate is equal. 

obtained. Figure 9 shows the variation of molar twisting power for CMy 
with temperature obtained in this manner. 

CONCLUSION 

We have used the Bak and Labes' equation to calculate the molar twisting 
power for CP, CN and CMy and found that the twisting power is linear in 
temperature for the temperature range away from the transition. In other 
words, the pitch of cholesteric component is hyperbolically dependent on 
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W E I G H T  FRACTION OF C M y  

0 0.1 0.2 0.3 0.4 0 5 0.6 0 7  0.8 0.9 1 

I 

..I I 

F I G U R E  8 Plot of I / ~ P ~ M W C M ,  - NM-'[(Bcp/Mcp) + ( B c N / M ~ N ) ( ~  - a)](l ~ W'mt,)/ 
WCMr - N(6~,p,cN/McpMcN)~(1 - a ) ( l  - WcM,)2/WCMy vs weight fractlon (WcMy) of cholesteryl 
myristate at different temperatures. 

TEMPERATURE ("C) . -1 5.5 

F I G U R E  9 Dependence of molar twisting power of cholesteryl rnyristate on temperature. 
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MOLECULAR TWISTING POWER [887]/23 I 

temperature. For the component (mixture) with smectic phase at lower 
temperature, the pitch is greatly influenced by the pretransitional smectic 
effect. This phenomenon is clear indicated in Figure 1 and 7. The critical 
exponent for the smectic correlation length ( v )  was computed and is equal 
to 0.611 that is agreed with the values obtained by the elastic constant 
measurements and de Gennes’ prediction. 
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