
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 10:44
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Self-Diffusion Coefficients of
Cholesteric/Nematic Systems
with Dynamic Mass Transport
Method
H. Hakemi a
a Department of Chemistry, Gross Chemical
Laboratory, Duke University, Durham, NC, 27706
Version of record first published: 20 Apr 2011.

To cite this article: H. Hakemi (1983): Self-Diffusion Coefficients of Cholesteric/
Nematic Systems with Dynamic Mass Transport Method, Molecular Crystals and Liquid
Crystals, 95:3-4, 309-322

To link to this article:  http://dx.doi.org/10.1080/00268948308072471

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308072471
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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

0:
44

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Crysf. Liq. Crysf., 1983, Vol. 95, pp. 309-322 

0 1983 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

oO26-894 1/83/95O4-0309/$18.50/0 

Self-Diff usion Coefficients of 
Cholesteric/Nematic Systems with 
Dynamic Mass Transport Method 
H. HAKEMI 
Department of Chemistry. Gross Chemical Laboratory, Duke University, 
Durham, NC 27706 

(Received December 21,  1982; injinal form February 18,1983) 

Dynamic approach to mass transport study in cholestericinematic systems by the optical 
method provides the evaluation of the self-diffusion coefficients of both solute and solvent. 
These values are obtained by extrapolating to the C = 0 and C = 1 limits from the scaling 
law found between the diffusion coefficient and the concentration gradient. The numerical 
values of the local concentrations are obtained from the pitch values in both homogeneous and 
homeotropic boundary conditions. 

INTRODUCTION 

The self-diffusion coefficient of a system is a parameter of fundamental 
importance which gives a direct indication of thermally driven translational 
motion of the constituent molecules. In liquid crystalline systems, this 
dynamic property has not been studied extensively, considering that the 
first investigation in nematics was performed as early as 1917 by Svedbert.' 
Due to the scarcity of the experimental data, the available diffusion theories 
in nematics2+ and s m e c t i ~ s ~ ~ ~  have not been satisfactorily verified. Experi- 
mental methods for studying translational diffusion in liquid crystals in- 
clude the direct mass transport methods as well as NMR (direct spin-echo 
and indirect relaxation) and quasi-elastic neutron scattering techniques. A 
general review of these techniques has recently been reported.6 

Until recently, the study of the translational diffusion in nematic liquid 
crystals by the direct mass transport methods has not been given much 
attention. This has been due to the experimental limitations arising mainly 

309 

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

0:
44

 2
1 

Fe
br

ua
ry

 2
01

3 



310 H. HAKEMI 

from the long diffusion time required for the establishment of the concen- 
tration gradient and also due to recent developments in NMR techniques. 

In recent investigations we demonstrated that direct mass transport tech- 
nique via the optical impurity diffusion approach’ can be dramatically 
improved by using diffusion time as an independent experimental vari- 

Accordingly, when an optically active impurity is allowed to diffuse 
under a proper boundary condition into a uniaxial nematic thin film, the 
development of the concentration gradient - manifested by the observable 
pitch gradient-can be studied dynamically. Depending upon the proper 
analytical approach, one can distinguish two types of interdependent trans- 
lational diffusion coefficients: (a) the “concentration gradient averaged 
diffusion coefficient,” b, which is determined by the conventional concen- 
tration (or pitch)-distance analysis of the diffusion profile at constant time’ 
and/or at variable time,” and (b) the “concentration-dependent diffusion 
coefficient,” D,, which is evaluated from distance-time analysis of the 
individual local concentrations within the diffusion profile.’ Notice that the 
establishment of the local concentrations in the diffusion profile, which are 
manifested by the pitch disclinations, is imposed by the boundary condi- 
tions and is independent of the initial concentration, C,, of the optical 
impurity. 

In addition to the impurity diffusion, the optical method has also been 
utilized for studying self-diffusion in nematics by allowing a chiral nematic 
to diffuse into its own racemic mixture and the components of parallel and 
perpendicular have been evaluated accordingly. ‘ I  In a recent study,” we 
found that the evaluation of the self-diffusion coefficient can be further 
refined when the effect of the concentration gradient is also considered. 
Accordingly, the self-diffusion coefficient of the pure nematic was obtained 
by C = 0 extrapolation of the empirical relation: 

D, = Do exp(-PC> (1) 

where Do is the self-diffusion coefficient of the pure nematic (or D, at 
infinite dilution), P is the proportionality factor and C is the local concen- 
tration. Notice that in Eq. (1) the effect of the anisotropy diffusion is not 
considered, i.e. D, or Do values are averaged over the components of the 
diffusion anisotropy. Therefore, a more realistic approach to the self- 
diffusion by mass transport methods is to consider the effect of the concen- 
tration gradient, in addition to the use of a chemically equivalent solute 
(mass effect) at the infinite dilute limit (initial concentration effect). 

In the present work, we give the exact quantitative approach for evalu- 
ation of the self-diffusion coefficients of the solvent and solute in a 
cholestericlnematic diffusion system. The data are based on the previous 
diffusion studies of a cholesteryl-oleyl-carbonate (COC) impurity, diffusing 
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SELF-DIFFUSION COEFFICIENTS 31 1 

into thin films of 4-cyano-4'-pentylbiphenyl (5CB) in the nematic phase 
with both homogeneo~s~.~ and homeotropic'0*'2 initial alignments. In this 
study, we calculated the exact values of the local concentrations (C) from 
their related local pitch values (P,) according to the theoretical relation of 
Bak and LabesI3 (this will be mentioned in the following section). The 
numerical values of D, as a function of C were subsequently determined 
from the procedure mentioned previously9 and the self-diffusion coeffi- 
cients at the two limits of the solute weight fractions; namely at C = 0 and 
C = 1, were obtained by extrapolation of the data on a scaling law, which 
gives a better linear relation than Q. (1). From the present diffusion study 
we also determined the concentration-pitch proportionality constant, the 
pitch value for pure COC, and provided a new simple method for the 
cholesteric pitch measurement from the diffusion profile. 

EXPERIMENTAL AND RESULTS 

1. General 

The diffusion profile of the COC/SCB system was established by allowing 
a depletable amount of COC/SCB solution with initial concentration 
C,, = 0.145 (g/g) to diffuse unidirectionally into 12 pm films of homoge- 
neous and homeotropic nematic 5CB at ambient temperatures of 25°C. 
Time evolution of the respective diffusion pitch gradients were observed 
and measured using a Vickers M74 polarizing microscope at crossed polars 
position. Regardless of the initial direction of the nematic alignment, the 
direction of the established cholesteric pitch axis is always perpendicular to 
that of the diffusion. 

This is observed in the diffusion profiles shown in Figure la  and lb. The 
direction of helix axis h is also indicated in Figure lc. The reason for the 
establishment of the pitch axis perpendicular to the diffusion direction is 
that both components of the diffusion anisotropy, i.e. Dll and D ,  are al- 
lowed to contribute to the relaxation of the concentration gradient. These 
contributions to the average diffusion coefficient of the cholesteric structure 
can be described by an average diffusion coefficient, 6 = Dll cos 4 + 
DL sin e2, where 8 is the angle between molecular axis and diffusion 
direction. However, the establishment of the pitch axis parallel to the 
diffusion direction in either geometry would require that only one compo- 
nent of diffusion anisotropy, namely D,, to contribute to the diffusion 
process. This is an unfavorable mechanism for concentration gradient re- 
laxation, since in nematic diffusion, Dil > D, .  

Consequently, in the present boundary conditions and in the absence 
of an external force of alignment, the reported diffusion coefficients are 
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312 H. HAKEMI 

FIGURE 1 
r = 40.5 x 
(c) diagram 
and h is the 

Diffusion pmfiles of the COC/SCB system; (a) with homogeneous alignment at 
10' sec, 68X, (b) with homeotropic alignment at r = 28.8 x lo3 sec, 68X and 
of the simplified disclination lines in the two geometries. d is the film thickness 
pitch axis. 

averaged over the anisotropy contributions. The details of the sample 
preparations and experimental procedure have been mentioned in the pre- 
vious works.'*" The estimated total experimental error of the present data 
are within 2 10%. 

2. Measurement of the diffusion pitch values 

In this section we give the experimental procedure for measuring the pitch 
values in the diffusion concentration gradients at homogeneous and homeo- 
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SELF-DIFFUSION COEFFICIENTS 313 

tropic boundary conditions. The required corrections in the pitch values in 
the latter by a correlation factor deduced from their diffusion data, provides 
a new simple method for evaluating the pitch at the diffusion source 
(i.e. PcJ . 

The diffusion profile of COC/SCB with homogeneous (parallel) orien- 
tation consists of a pitch gradient with successive and expanding discon- 
tinuities which resemble the Grandjean bands in a wedge-typed cell. The 
only difference is that while in the former the pitch discontinuities are 
established by concentration gradient, in the latter they are produced 
by thickness gradient. Figure la shows a photo-micrograph of a typical 
diffusion profile under homogeneous boundary condition. These pitch dis- 
continuities are in fact a series of alternating T'A- and A'T- pairs of 
singularities (disclination) lines with half-strength (i.e. s = ?!h). The re- 
lation between the value of the undisturbed pitch, Pk, at the mid-distance 
of each band and sample thickness, d, is given by 

1 
-Pp = d/k 2 

where k = 1,2, . . . , n is the integer value with increasing trend towards 
the diffusion source. Notice that each disclination line represents a e + etl pitch jump also satisfied by Eq. (2), where Pi and e+\ are the 
values of the disturbed pitch under compression and expansion, respec- 
tively. The schematic diagram of pitch variations and discontinuities is 
shown in Figure lc. The values of Pt measured by the above procedure 
for the present system were extracted from Ref. 9 and are also tabulated 
in Table I. 

Diffusion of the optical impurity COC into the homeotropic film of 
nematic 5CB, on the other hand, produces a diffusion texture consisting 
of a continuous pitch gradient which is shown in the photo-micrograph of 
Figure lb. The pitch increase is manifested by a monotonous variation 
of the retardation lines (so-called fingerprint patterns) whose thicknesses 
are a measure of the half-pitch according to S = MP. In this boundary 
condition the singularity points (as indicated in Figure lc) are again a 
series of alternating T'A- and A'T- disclination lines oriented perpendicu- 
larly to the supporting glass boundaries. Since the appearance of the dis- 
clinations in a homeotropic diffusion profile are not influenced by the 
thickness as they are in the homogeneous case [Eq. (2)], their location in 
the diffusion profile seems to be more influenced by the concentration 
gradient. Consequently, there is no direct correlation between the pitch 
values in the two boundary conditions. In fact, we have found that in 
homeotropic alignment the cholesteric pitch axis at low concentration is 
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314 H. HAKEMI 

subjected to partial tilting. This effect has been noticed from a non-linear 
behavior of the concentration-pitch re la t i~n .~  

In order to present the diffusion data of the two boundary conditions on 
the same scale, we found their pitch values relation by comparing their 
diffusion coefficients from Ref. 9 and 12. Accordingly, for homogeneous 
boundary the diffusion coefficients D, = 2.4 and 4.5 X lo-' cm2 sec-' are 
related to P, = 12 and 24 X cm, while in the homeotropic boundary 
the same D, values have the pitch values P,  = 19 and 39 X cm, 
respectively. From this comparison we found the following relation: 
P, (homeotropic)/P, (homogeneous) = 1.60 f. 0.05 (COC/SCB) the re- 

lation is also a measure of the tilt of the pitch axis in the homeotropic 
alignment. The above relation was used to correct all the pitch values in the 
homeotropic case and the results are tabulated in Table I. 

Numerical evaluation of the concentration gradient which will be men- 
tioned in the following section, would require a standard set of con- 
centration-pitch values. In the following we give a method for measuring 
the pitch value at the diffusion source (i.e. at n = 0), whose concentration 
is that of the diffusing species, namely Co = 0.145 g/g. 

As mentioned previously, the diffusion texture with homogeneous align- 
ment consists of a discrete pitch gradient (see Figures la  and lc), whose 

TABLE I 

Concentration and pitch dependence of the 
CWSCB diffusion coefficient at 25°C 

~ ~~ 

41.1* 3.80 6.5 
30.5* 5.45 5.2 
24.3* 6.78 4.5 
24.0@ 6.80 4.5 
21.2* 7.93 3.7 
18.1* 9.09 3.3 
14.9* 10.9 2.9 
12.0@ 13.6 2.4 
11.8* 13.9 2.4 

6.0@ 21.2 I .6 
4.8@ 34.0 1.3 

1.30 145 0.45 
0.25 lo00 D, = 0.061* 
m 0 Do = 10.4' 

8.0@ 20.4 2.0 

4.0@ 40.8 1.1 

"from homogeneous alignment, *from corrected homeotropic 
alignment, 'self-diffusion coefficient of COC, 'self-diffusion coef- 
ficient of SCB. 
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SELF-DIFFUSION COEFFICIENTS 315 

exact jump values may be determined from Eq. ( 2 )  with the knowledge of 
the values of d and k. The integer values k = 1,2 ,3  . . . , n are simply the 
Grandjean band numbers with increasing values as going from the diffusion 
front towards the source. If k = n is the last Grandjean band to appear in 
the vicinity of the source, i.e. near x = 0, then in first-order approxi- 
mation, the pitch at the source should lie between k = n and k = n + 1 .  
Hence, the most probable value of the pitch at x = 0, i.e. the pitch of the 
diffusing solution Pc0, may be described by: 

P ,  = (P ,  + P,+ ' ) /2  = d(2n + l ) / n ( n  + 1) (3) 
where P,  and Pnt l  are obtained by substitution of k = n and k = n + 1 in 
Eq. (2). Equation (3) provides a general approach to the determination of 
both the intrinsic and virtual pitch values of optically active cholesteric and 
non-cholesteric compounds, respectively. 

The above method provides a simple alternative for the pitch mea- 
surement, whose accuracy depends upon the proper choice of the film 
thickness as well as the nature of the nematic matrix, the surface treatment, 
resolution power of the microscope and temperature. In spite of the rela- 
tively long time required for the development of the diffusion profile, the 
method is advantageous for its dependence on just one experimental pa- 
rameter: namely, the film thickness. 

In this work, by using the above approach and Eq. (3), we found that 
the diffusion of the COCISCB solution with initial concentration Co = 
0.145 g/g into a 12 pm thick film of homogeneously aligned 5CB provides 
a diffusion profile with maximum Grandjean bands n = 18 2 1 ,  whose 
pitch value is Pco = (1.30 ? 0.07) X cm (see also Table I). These 
values of Co and Pco are used to calculate the local concentrations according 
to the procedure mentioned in the following section. 

3. Calculation of the local concentrations 

Investigation of the concentration dependency of the diffusion in 
cholesterichematic systems require the knowledge of the numerical values 
of the local concentrations in the diffusion profile. These can be obtained 
from a pitch-concentration relation. In a binary cholesterichematic mixture 
it is well known that in the low concentration region, the resultant pitch 
is inversely proportional to the c~ncentration.'~ However, in total range 
of concentration, where deviation from the concentration-(pitch)-' linearity 
is expected, the precise nature of such relationships has been difficult to 
define. On the basis of the concept of the long range distortions induced by 
chiral molecules in a nematic matrix, Bak and LabesI3 proposed a the- 
oretical relation providing a linear concentration-(pitch)-' dependency of 
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316 H. HAKEMI 

the quadratic nature. This theory is applicable in all the concentration range 
of the components. Accordingly, the precise concentration-pitch relation in 
terms of the weight fraction of the cholesteric component is given by: 

[Mc + (Mn - M c ) q / 2 P c  * p C = [NPc(Mn/Mc) - mP,,lC + mPcn 

(4) 

where M, and M,, are the molecular weights of the chiral and nematic 
components, respectively, C is the concentration of the chiral component 
in weight fraction with the related pitch P,, N/3, and Npnt are the molar 
twisting powers of the pure chiral and mixed chiral/nematic components. 
p is the density of the mixture described by: 

(5) 

where pn and p, are the densities of the nematic and the chiral components, 
respectively. 

In the present study, by utilizing Eqs. (4) and (5 )  we calculated local C 
values for the COC/SCB mixture in the diffusion profile from their related 
P, values. The results are also tabulated in Table I. The experimental 
parameters required by Eqs. (4) and (5 )  for the present calculations are: 
Mn = 249, M, = 681, pn = 1.02(g/cm3), p, = 0.86(g/cm3), N P ,  = 
16.0 X 10' cm2 (obtained from Ref. 13) and N&, = 10.2 X lo6 cm2 
(calculated from EQ. (4) when Co and P,, were used). 

Figure 2 presents the relation between the local concentration and the 
inverse pitch values for the two diffusion boundary conditions (see 
Table I). The result confirms our previous assumption that the 
concentration-pitch relation in a diffusion system should satisfy a linear 
relation given by 

P = pn[l + ( p n / p c  - l)CI-' 

c = Y(Pc)-' (6) 

where y is the proportionality constant. From the data of Figure 2, one can 
evaluate the value of the slope by a linear regression method. Accordingly, 
we found that y(COC/SCB) = 1.6 X cm. In order to evaluate the 
pitch of pure COC (i.e. at C = 1) limit), extrapolation of data according 
to Eq. (6) would give P, = I = 1.6 x cm. However, since in the 
region of large concentration Eq. (6) is not expected to hold while Eq. (4) 
would completely satisfy the criterion of the C-P, linear it^,'^ the latter was 
used to calculate the pitch of pure COC. Accordingly, we found a more 
reliable result: P,=' = 2.5 X lo-' cm. This result is also given in table (I). 
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SELF-DIFFUSION COEFFICIENTS 317 

FIGURE 2 Linear C-0,’ relation for COC/SCB diffusion system according to Q. (4). 

4. Determination of the Diffusion Coefficient 

The evaluation procedure of the COC/SCB diffusion coefficient, D,, as a 
function of the local concentration of the diffusion concentration gradient 
is based on the distance-time analysis of the individual pitch values within 
the diffusion profile. In the homogeneous alignment, the mid-point of the 
Grandjean bands were subjected to a dynamic study [see Figures la  and lc,  
and Eq. ( 2 ) ] ,  while in the homeotropic alignment the time-distance analysis 
of the retardations were done at the singularity points (see Figures lb  and 
lc). In either case, the local concentration of the respective pitch value is 
determined by Eq. (4) (see also Table I). 

According to linear diffusion theory with semi-infinite boundary condi- 
tion, the diffusion coefficient D, at each concentration is evaluated from’ 

(7) 

where x, is the penetration distance of the local concentration C (or local 
pitch P,) at variable time t and M is the total amount of solute at the source. 

$ / t  = 2 0 ,  l n ( M Z / ~ D ,  - C’) - 2 0 ,  - ln(2) 
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318 H. HAKEMI 

As the first term in the right hand side of Eq. (7) is constant, a plot of x:/t 
vs ln(t) should provide a linear curve whose slope, -2D,, gives the 
diffusion coefficient. The D ,  values for the present system which are 
determined according to Eq. (7),9s’2 are also tabulated in Table I. Notice 
that all D, values are corrected for mass discrepancies between COC and 
5CB according to the appr~xirnation:’~ 

D,(SCB)/D,(COC) = [MW(COC)/MW(5CB)]”2 

where MW represents the molecular weight. 
To determine the self-diffusion coefficients of pure components 5CB and 

COC (i.e. Do at C = 0 and Dl  at C = 1 limits, respectively) we plotted the 
present diffusion data according to the scaling law. Figure 3 shows the 

FIGURE 3 Scaling relation of D, against C and 1-C for the COC/SCB diffusion system. 
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SELF-DIFFUSION COEFFICIENTS 319 

ln-ln plots of D, as a function of C and 1 - C. The results on In@,) - 
ln(C) bases indicates a remarkable linearity within the total concentration 
range of the present diffusion study, which suggests that the D, values may 
be scaled with concentration by; 

D, = D1 * c" (8) 
where v is the scaling exponent and the prefactor DI is the value of D, at 
the extrapolated C = 1 limit (which also represents the self-diffusion coef- 
ficient of the pure COC solute). Accordingly, by linear extrapolation of the 
ln(D,) - ln(C) plot to C = 1, we found that: 

D,  = 6.1 X lo-' cmz sec-' (mass corrected) 

In addition, from the calculation of the slope by the linear regression 
method we obtained v = -0.75. 

The scaling Fq. (8) would also allow us to determine the diffusion 
coefficient of the COC/SCB solute at the diffusion source. Namely, by 
substitution of Co = 0.145 in Eq. (8), we get 

D, = 4.5 X cm2 * sec-I 

The result of the ln(D,) - ln(1 - C) plot in Figure 3 shows a linear 
behavior at the lower concentration [higher (1 - C)] poxtion of the curve, 
whose linear relation in this limit may be described by; 

D , = D o * ( l  - C)' (9) 
where vf is the scaling exponential and Do is the diffusion coefficient at the 
C = 0 limit (or the self-diffusion coefficient of the pure 5CB). From extra- 
polation procedure we then obtained; 

Do = 10.4 X lo-' cm' * sec-' 

and from the slope of ln(D,) - ln(1 - C), the scaling exponential is vf = 
1.27 X lo-? The Do value obtained from Eq. (9) is in very good agree- 
ment with that reported previously according to Fq. (1). '' The results of the 
present self-diffusion data are also tabulated in Table I. 

CONCLUSION 

In the present study, we evaluated the self-diffusion coefficients of a 
cholesterichematic system at two concentration limits of the solution by 
scaling the impurity diffusion coefficients of the system on the local con- 
centration of the diffusion profile. The empirical scaling relation between 
D, and C, described by Eqs. (8) and (9), was obtained according to the 
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320 H. HAKEMI 

dynamical analysis of the diffusion concentration gradient. Numerical val- 
ues of the local concentrations were determined from the quadratic relation 
of Eq. (4), where the related pitch values were evaluated according to the 
geometrical boundary conditions imposed by surface alignments. Evalua- 
tion of the diffusion coefficients was based on the use of the proper solution 
to the Fick's law and the necessary parametric rearrangement [Q. (7)]. 

The reported diffusion coefficients: D(5CB) = 10.4 X lo-' and 
D(C0C) = 6.1 X cm2 * sec-', are the values obtained by the ex- 
trapolation procedure which represent both mass and concentration gradient 
corrected self-diffusion coefficients of the nematic solvent and cholesteric 
solute, respectively. 

The overall linear behavior of the present data on a ln(D,) - ln(C) plot 
is of particular interest (see Figure 3). This is because, it reflects a univer- 
sality of the relation between the diffusion coefficient and the concentration 
of the D, - C-0.7s type, which is also in qualitative agreement with the 
scaling theory of de Gennes in polymer solutions.'6 According to this 
theory, which has been verified experimentally, the predicted scaling ex- 
ponents for self- and cooperative diffusion in semidilute polymer solutions 
are - 1.75 and 0.75, respectively. Although, further quantitative com- 
parison between the present system and polymer solutions cannot be given 
here, the scaling properties suggest that diffusion in both cases may be 
described by a common relation. Further understanding of the relation 
between diffusion coefficient and concentration gradient with the present 
mass transport approach requires more systematic studies, which is the 
subject of current investigations. 

Considering the relation between the diffusion Coefficient and its related 
pitch value, Yaniv, Chidichimo, Vaz and Doane17 proposed a phenome- 
nological relation in which the diffusion along pitch axis is proportional to 
the square of the pitch according to D/P' = 6.2 sec-'. Their experimental 
result for the MBBA/CB15 system with P - 3.0 X cm, has been 
DIP = (0.25 - 1.30) sec-'. Whereas in the present study, within the 
range of D, = (0.61 - 4.5) X lo-* cm2 sec-' (see Table I), we found 
that D,/Pf.  = (2.7 - 9.8) sec-'. This result indicates that in the limit of 
small pitch values, the theory of Yaniv, Chidichimo, Vaz and Doane may 
have a more general implication in describing the relation between the 
diffusion coefficient and the pitch. From Eqs. (6) and (8) one can also 
show that 

D, - P r  (10) 
where vn is the scaling exponent. Figure 4 is the plot of the experimental 
data of Table I according to 9. (10) with df = 0.75. The differences be- 
tween the present exponent value and that of Yaniv, er d.," (df = 2.0) 
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may reflect a difference in the geometry of the diffusion experiment. Notice 
that in their experiment, diffusion is along the helix axis and the measured 
diffusion coefficient is in fact a rotating DI component. In order to verify 
the generality of Q. (lo), further experimental results are required. Cur- 
rently, we are conducting a more detailed dynamic diffusion study on the 
CB15/5CB system and the results will be published shortly. 
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