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ABSTRACT:

The.: density ‘as ‘a  function of temperature is
neasured: for:two nematic mixtures- through a micfobicnometry
tgchnique«specially developped for this purpose. The samples
were KL/ (potassium-laurate) -THZQ - DeQH. {decanol) and NaDs
{sodium~decyl;sulphate)'wVHZQ ~-DeCH. The density of the

former--at - a . fixed " temperature - is ‘them. estimated by

calculation' from high resolution’ X-ray results obtained for

a mixture of similar: concentrations. and found to be in good

agreement with the experimental result at the samei

temperature. The mean aggregation  number of the same phase’.

is alseo estimated.

I. INTRODUCTION

Mixtures of amphiphilic molecules and water are
know to exhibit three types . of nematic phases, depending
upon the conditions of temperéture- and relative
concentrations. Twe of these are uniaxiail and a third one
is biaxial2 (Ngx)} - The uniaxial phases have bheen further
classified? as calamitic (Ng) and discoﬁic (Np) , according
to. whether the director ¥ orients respetivély parallel. or
ﬁerpendicular to the‘magnetic.field. .

on the other_hand,_X—ray‘ and neutron? diffractien

‘experiments have been meaningful in the determination of the

micellar shape. Thus, on the evidence of such experiments.
the micelles were first thought to be prolate and. ablate.
agqregates_in-the ﬁc.and ND'phases, respectively. It was

then furthef sﬁpposed that at the uniaxial -~ biaxial

transition the micelles éctually changed in the shapé,

transformiﬁé from a flat disk (Np) or alongated cylinder

tNC) £6_some-kiﬁd of ellipsoid.

' Recently, hawever, another  view was proposed,
mostly on the basis of X-ray diffraction'patterns obtained
at different temperaturgs in fhe three_nematic-pﬁasesS's.
The different nematic phases were then analysed as being the:

masroscopi¢ result of orientational fluctuaticné of - the




micelles (full rotation around the directer in the case of

the uniaxial phase and small amplitude oscillations in Ehe

biaxial one). The uniaxial phases are therefore not formed,

within this scheme, by cylinder or disk-like aggregates, but

rather by statistically sinilar andjbiaxial shaped ones..

Adopting' this model -and in possession. of

sufficxent data - concern;ng the micellar chmens:.ons7 and

spacing distances it is’ possible te nake: an approximate

calculation of the density of thelmxxture in questicn, as
well as of the mean. number ‘of amphiphlllc molecules in a
mlcelle (mean aggregatlon numher). The latter in particular
was done by Hendrikx et al.3 for a K - DeOH‘h DZO system.

- "As. for dens;ty measurements the available data are
very: few, as is aIso true of other basic physical
properties of ligquid crystals. Stefanov and Saupe measured
the density of the DACT (decyllammonium choloride) - NH,Cl -
sz= ofa.different‘ concentrations, wich 5oth presented the
phase sequence smectic - nematic - isotropic. An electro-
balance wae used. to meaaure the thrust on an immersed sphere
in the sample. .

In this paper we presenﬁ the results obtainea with
aldifferent techﬁique to measure the density of lyotropic
‘mixtures. The investigated systems are: KL - DeOH - H,0 and
NaDs - bebH -~ Hy0, with respectively the phase sequences Np

- Npy — Np and hexagonal (HEX) - Ne - isotropic (ISO).

II. EXPERIMENTAL

The device emﬁloyed in the density measurements is
composed essentially; by a _cylindric water chamber (8cm
diameter} with a double Qall. Inside the wall, water
ci;culates by means of a pump which is programmable for a
certain tempaaature and  digitally controlled. The
temperature withln the chamber is further neasured by an
ordlnary'thermemeter (accuracy cf . 05°c) 5till inside the
chamber'ls a 11ttle hollow metal cyllnder,_which serves the
purpose of a support fof;a micropicnometer containing the
sample to be keptin there. The shape of this picnometer is

pafticularly important in the precision that can be

.attained. It consists of a capillary part which goes into a

cylindrie¢ bulk filled up with almost the whole of the

sampie. The capillary is in turn just thin enough to allow

the jintroduction of a needle and the placing of the material-

inside.. At its lower end (almost at the junction with the

bulk) is a tiny .contrel mark that  makes. possible: the-

definition of a fixed volume for the picnometer. $ince the

capillary is very thin (diameter less than lmm) and the bulk’
contains practically all the fluid, even a -very slight-

change in the density can be detected by the alteration of.

the level of the sample at the control mafk.
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The whole structure (water chamber, picnometer,
connecting pipes} during the measurements is closed and

protected by thick 1nsulat1ng 1ayers. Once the temperature

is’ stable, the plcnometer is taken out and the mass of the’

sample is determined by ordlnary waighing. The den51ty is
then directly calculated, provided a previous calibration is
made (1n ‘our case water was used) =1+ that we. can. consider
the drlatlon‘ of the glass due_ to: theg_yarlatloa of
temperature. 7 B o '
e Flnally, .the samples .were prepared w1th the

followzng concentratlons (welght percentages)*-

Sampe. 1: KL - 28% ; DeOH - 7.26%: H,0 - 64, 74%. The phase

sequence is ND 17 5 C. NBX ~ 20. 5 C  Np

Eample 2 NaDS - 41 5%, DEOH - 6 6%. Hzo - 51, 88% with the

sequence HEX (hexagonal  17.0°C NC 38, 9°C Is0.

AYl transition temperatures were determined by

optical mlcrosCOPY. except the"NBx Ne tran51tlon
(sample 1), whlch was estlmated from a phase dlagram for the

L - DeOH - DZO mlxture .

IITI. RESULTS AND DISCUSSION
A. Density Measurements

The results of the dens1ty measurements for the
samples 1 and 2 are shown by flgure 1 and flgure 2

respectlvely. The follow1ng aspects could be polnted out:

1. In the. case of sample 1 the'density Cié decreases from
1.01400 + 0.00035 (g/cm’®) to 1.00260 + 0.00035 (g‘/cm ) in
the 12.5%_ 32,8% range. The. density of sample 2
(alse denoted by dj. in figure 2) decreases from 1.0643
+ 0.0004 g/cm’® to 1.0433 + 0.0004 g/cm® in. the. 13,0%

47.09C range.

2. In view of the experimental error and the numher of
points near the transiticnfteﬁperatures.no eiscontinuity
in our curves can be detected. This is in accerdance with
the results obtained by Saupe for the DACI/NH4C1/H20
system {(with a better precision, as we shall soon

discuss).

3. The whole behaviour of the density die within the two
total measured 1ntervals is not 11near, but the polnts in
the 1ntervals corresponding to the dlfferent phases
(hexagonal, Nc; Np, Ngy and isotropic) canr be fitted by_

straight lines.




4. Concerning. the final aecuracy obtained with tﬁe method,
we point out that it is proportional to the volume of the
picnometer, as could be quite naturally expected (if the
capillary is of the same thickness). This verification

"could be made comparing . the previons use of a smaller
picnometer (0.8 cm? volume, which vielded results with a
1.5 x 103 g/cm3 error) and the two measurements now
presented, for which the same picnometer (3.5 cm3) was
employedi(the_difference between the two errors 3.5 x
.10’4 and 4.0 x 1074 is explalned by a hlgher v;sc031ty of
sampief 2, which has a sllght influence on the final
eccuracfj. The control of the 1eve1 of the sample becomes
with a larger pienbmeter more troublscome, but this can be

eventually coped with, which expains the proportiocnality,

The' technlque presents the advantage of being very
straightforward, and much greater precision c¢ould be
'obtained.with'other picnometers, as has been shown. A 35 g

amount.qf sample in a 35 cm® pienometer would make possible
an error of not more than § x 102 g/cm3 (30 - 50 g gave
saupe a 10”% gsecm®  precision with the thrust measuring
electro-balance method).

Finally, we note that we couldn’t make the
'cepillary' any- thinner, for then the introduction of the
: 1iquid crystal would be practically impossible on account of

the high viscosity involved.

IB. calculation of the dens;ty and the mean aggregat1ong

number of sample 1

From measurements on x—ray- dlffractlon patterns
obtalned w1th hlgh resolutlon at dlfferent temperatures in
the three nematrc phase57 of a KL - DeOH = Dy0 system the

dimensions of the available mlcellar volume (dlmenslon of

the micelles plus water) can be obtalned. In fact, the phase'

for which these data were obtalned has similar concentratron

to the ones of sample 1.

If this is comblned with the assumptlon that the

water equally covers the' whole of the micelle? thus

neglecting the difference between flat and curved reqione,:

the average dimensions of the biaxial micelles (a, b and ¢}
can be inferred’. Thus the miceile is considered as a
parallelepiped contained in a larger- one corresponding to
the available micellar volume. _ .

The values deflnlng the avallable mlcellar volume.
Va (A,. B and C) were found to be nearly constant 1n the
measured temperature range within the: experlmental error
limits’. And so the values a,b and ¢ calculated directly by
the subtraction of the spacing distance d= 23 + 2A.

We have A = (106.8 + 1.3) A; B = (82 + 1) A; C =

(49 £ 1} A; a = (83,8 + 2) A; b = (59 + 1,5) A and C = (26

o
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+ 2) A. _

. _Eurthefmcre, the:ayailablegﬁicéilaf;voiumc:is a
' ;unip;whcsg?rcpetigion_is:thg whc1e,c£bthe-samplc;itself.
Thiscgi§ES the-possicility,cf a-calculatiqczgfrthe;dcnsity
. from. this. volume. ' . '

. The-density dy, will be given by:

(V. = V) g + M+ Mpoom

Lo

,where Vh is the volume of. the mlcelle (obtalned from a, b

and c; Vy = a b c¢) d, the density of water, HkL_and MDeOH

tha masses cf KL and. DeOH: contalned 1n VA ( A BC) . d, is

found 1n the llteraturelo}u ‘while MKL and Mp.ay can be
calculated since the mass of water ({(Vy - Vyi- dy) is known,
as-well,as_the_relat;ve,ccncentraticn of KL.and DeOH. On the

other hand the number of molecules of KL and DeOH in a

micelle Ngp, and nDeOH are immediately obtained from the

aivision of Mg, and Myeoy by, the mass of a molscule of KL or
DeOH..

The values are:; d, (15.3%C) = 0.999129 g/cm?,
My = 37590 X102 gp Mpeoy = 26285 x10722 g, we

therefore obtain;

4;(15.39C) = 1.07 + 0.10 g/cm’

_ This . final errct, results from the measurements

10

associated with the: micellar dimensions, since .the other.

values are known with much greater accuracy.
The measured d;. at 15.3%C (Fig.1l) is 1.01230 (+
1.5 x 107%). gscn

_ Finally, Ngr, = $20 + 50 and nDeOH.g 125 + 20.

CONCLUSIONS AND: REMARKS:

The density of water does not vary significantly
in- the measured - range as. regards the estimation: of d;,.,
Since 4, {15.2°C) is the only element that spécifies this
caleulation at 15,3°9C we shculd expect that the error of the
estiméted d;. includes the entire variation of the measured
density.

indeed, d), varies from 1.01400 (12.5°C) to

1.00260 g/cm® (32.8°C), a variation emtirely embraced by

' that error.

In addition, considering that the maximum value
for the calculated d,_, is 1.17 g/cm3, ﬁe can conclude that
the error resultihg from approximé:ing the micellar shape by
a parallelepiped must not be greater than 15%. Thls fact
prov1des some confirmation of our orlglnal hyotesis.

On the other hand, the difference between sample 1
and the mixture.whose miccliar cimensions:were deduced’ is
not significant,  for the relative concentration of. the

amphiphilic components differ by 1less than 2%, and the
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density Gf the micelle is quite similar to that of the
water. Such a slight change in the relative concentration of
any of the three components.of the mixture can therefore
produce only a neglectable alteration in the density.

. To conclude, our result for ngy, can be said to ke
réasonably in accordance with the one obtained by Hendrikx

et a13,
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. PIGURE CAPTIONS:

‘1 - Variation of the density. d1, of sample 1 with
temperature. All points are within the nematic range

) (ND' NBX and Nc) .

2 - variation of the density of sample 2 with temperature.’
A1l points are within the nematic phase (Nn} or the
hexagonal ~ phase (HEX) or still in the isctropic

range.
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