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THE EFFECT OF PURITY ON THE THERMODYNAMIC PROPERTIES 
OF CHOLESTERYL HEPTADECANOATE* 

The thermodynamic properties of two sampks of choksteryi heptadecanoate 
have been measured and contrasted. As little as 2% impurity (presumably oxidized 
cholesterol and free acid) profoundly effects all of the thermodynamic properties. 
The mesophases are the most sensitive to alteration and distortion by impurities. A 
transition diagram has been developed for this ester_ 

INTRODUCIION 

The effect of purity on smectic and choksteric mesophase transitions has not 
been studied in quantitative detail in the past. Gray’ reported differences in transition 
temperatures between materials he had synthesized and materials previously reported 
by Jaeger’, Friede13, and Lehma.rm4. It was presumed that these differences were 
due to purity variations. However, no attempt was made to quantitate the purity of 
the compounds in question or to establish a relationship between purity and transition 
heats and temperatures. Ennulats has shown using the van? Hoff equation to deter- 
mine purity, that transition temperature depression in the mesophase is an order of 
magnitude fess sensitive to impurities than the solid -+ mesophase transition. It was 
suggested that this is due to the lower heat of transition of the mesophase as opposed 
to the solid, which cannot be correct. 

If the following case is considered, the flaw becomes obvious. The van’t Hoff 
equation is as folfows: 

x AHAT =- 
RTZ 

-where X = mole fraction of impurity 
R = gas constant in kcal/mole/“K 
T, = melting point of 100% pure material in “K 
AT = meking point depression 

It is obvious that d T is inversely proportional to hH, and as AH becomes smaller d T 
must become larger- In a given sampIe, the mole f&ion of impurity must be constant, 

l Part XXII of a !kies on “Order and flow of liquid crystals”_ 
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barring vaporization on heating. Therefore, with a dH smaller by a factor of ten in 
the mescphase trausitions as opposed to the solid --, mesophase transition, the 2T 
should be ten times larger. Although the reverse case was observed by Ennulats the 
data are subject to several interpretations. 

If the van’1 Eoff equation does apply to the mesophases as well as the solid 
transition, solution conditions must be very complicated. Fundamentally, the van’t 
HoEequaticn describes the entropy of mixing of a material which is insoluble in one 
phase (solid) but soluble in another phase (mesophase or isotropic liquid). The 
question arises as to how a material can be “soluble” in the mesophase to give a 
characteristic melt broadening to the solid -+ mesophase transition and then “soluble” 
in the isotropic liquid to give a second characteristic broadening to the mesophase 
-, isotropic liquid transitiou. The situation becomes doubly complicated when more 
than one mesophase exists. tideed, previous gas chromatographic studies have 
indicated selective soIubiI&s (heats of mixing) for various materials in difkent 
mesophase&*. 

The purpose of this study was to examine in detail the mesomorphic and solid 
transitions of a liquid crystal-forming material, choksteryl heptadecanoate, as a 
fimction of compound purity and use the data to examine the above contentions. 

A sampIe of choIesteryI heptadmoate was obtained from Appkd Science 
.Laboratoryi P- 0. Box 440, State College, Pa.., U. S. A. The material as received had 
a rancid odor. Thin layer chromatography showed a single small spot other than the 
ester. (This same result has been obtained with alcohol recrystallized product which 
bad been allowed to staud three months under atmospheric conditions). A portion 
of the Applied Science cholesterof heptadecanoate was recrystallized once from 90% 
ethanol, dried for 48 h under vacuum at 50°C and vacuum sublimed from the meso- 
phase. This treatment gave a yield of approximately 90% of recrystallized ester. 

A Perkin-Elmer DSC-IB scanning caIorimeter was used for the calorimetric 
study. SampIes were examined at a heating rate of So/mm at sensitivities of 4 and 
9 mcal.kec. The average sample size wasZ-3 mg. Purity analysis was carried out on 
Gmg sampIes heated at 2.,501niin. The temperature axis was calibrated with the melting 
points of benzene, heptane, benzoic acid, naphthalene and indium. All temperatures 
used for purity calculation as well as those quoted in the tables were corrected for 
thermat resistance of the sample pan holder using the slope of indium’” (99.999%). 
The areas of various curves were converted to calories using the heat of fusion of 
99.99% naphthaIene. The vaIue 4536 cal/mole was accepted as the heat of fusiong. All 
samples and standards were encapsulated under dry nitrogen in volatile sample 
hofders. Weighings were done on a Cahn two-pan ekctrobahmce using an empty 
volatile sample pan and IiJ as tare. Areas were integrated with a polar planimeter. 
AlI ca.lcuIafions including the purity analysis were carried out with a computer 
program developed at IBM. The DSC purity analysis method was essentially the 
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same as that described by Gray” and used by Ennulat’ and Plato and Glasgow’ ‘. 
AIthough there are objections to the method, the technique appears satisfactocr for 
relative purity determination in most cases. 

The samples were heated from solid to mesophase to isotropic liquid a~ Y/tin 
and 4=mcaI/sec sensitivity. The isotropic Iiquid was then coofed at S’/min at I-mcal/szc 
sensitivity until both mesophases had folmed - but the sotid phase had n& formed. 
The mesophases were reheated at S”/min and I-mcallsec sensitivity back to the iso- 
tropic liquid. This program was repeated twice, The sample was then coofed at S”/min 
to room temperature where the solid phase reformed. The soIid was melted a second 
time as above and the mesophase treatment repeated. Three separate samples of each 
material purity were run. The reason for this rather eiaborate treatment was to obtain 
heating as well as cooling data on monotropic mesophases. 

RESULTS 

The cholesteryl heptadecanoate sample obtained from Appfied Science labo- 
ratory had a purity of 97.94 9% from an analysis of the solid -+ mesophase (chofesteric) 
transition peak shape. The data on three separate samples were: 97.90X, 97.98% 
and 97.94%. An area correction of 4% was required for the linearization of the 
melting temperature zz. reciprocal fraction melted plot. The extrapolated meiting 
point of 100% pure materiai was 77.95”C. The thermal data are given in Table I. 
TypicaS DSC heating scans are shown in Fig. 1 for the solid -+ mesophase -+ isotropic 

Fig. i, Heating of 97.94% cholesteryl heptadecanoate. 
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liquid transitions. Detailed thermograms of the mesophase heating and cooling curves 
aregiveninFigs.3and4. 

TABLE f 
THERMAL DATA FOR CHD- n HEPTM.uxx?WAlE 97.94 MOLE % BY DSC 

FuJr hulfiAg did 
69.2 7823 80-4 20.0 
80.4 81.1 820 0283 

Fiiaf ct?ot* 
81.0 79-3 77.4 o-457 
74.6 73.7 - 

726 7I.S 
0558 - 

726 743 - 
- 75.7 76.8 

O-665 

79.2 80.6 - 
- 812 8X0 

0.449 

Sea.wci wuih 
799 79-l 77.5 0.463 
74.6 73.7 - 

726 71.5: 
0.491 - 

It8 36.4 Solid -+ chokstcric 
0.169 o-477 Cholesteric -+ isotropic liquid 

0292 0.829 fsotropic liquid -_, chokstcric 

Oe356 1.027 Choksteric -+ smectic 

0.425 

0.287 

0.296 

0.314 

II-0 
0256 

l-22 Smcctic -a chofcstcric 

0.812 Choksteric -_, isotropic liquid 

0.841 isotropic liquid + chokstcric 

0.906 Cholatcric + smectic 

31-4 Solid -+ chokstcric 
0.723 Cholstcric --t isotropic liquid 

Second krcring smecfi? muo@dw 
‘725 74.4 - 
- 75-i - 0,633 O&34 
- 773 783 
78.3 80.4 - 
- 81.0 821 0.513 0.328 

l-36 Smaztic --f chokstcric 

0.928 Chokteric --f isotropic liquid 

The recrystalIkm3 heptadecanoate e&r showed a calculated purity of 99.70% 
from an axdysis of the solid + cholesteric endotherm obtained on second heating. 
In this case as in the previous sample, the results on three separate samples are very 
close together. The extrapolated temperature of fusion for the 100% pure material 
was found to be 77_98”C, in good agreement with the 97_94% material. The thermal 
data for the 99_70% ester is shown in Table II. Typical thermograms for the solid 
---+ mesophase -+ isotropic liquid heating are shown in Fig. 2. Detailed thermograms 
of the mesopbase &ms&ions are shown in Figs. 3 and 4. 

The more p-ure heptadecanoate ester exhibited solid phase polymorphy in 
materiai +ich had been freshly sublimed. This was evident on microscopic exami- 
nation between cross& poIarizers and from the thermogram in Fig. 2, 
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Fig- 2. DiEerentiaI scanning caIor.ir~etric heating curves of 99.70% cholcsteryl hcptadecanoatc. 

Two overlapping endotherms are evident at 78.32 and 78.94”C in the first 
heating. The higher temperature form is not present on reheating the same sample 
recrystallized from the melt. The heat of fusion of the low temperature solid, 
14.10 kcal[moIe, is 0.75 kcaI/moIe lower than the mixed crystal form seen on first 
heating. This is a signZcant amount of lowering, especially when viewed as zn entropy 
change (see Table II). The Iow temperature solid is 2 cal/mole/X fess ordered than 
the high temperature form. This is the correct order of magnitrrde for a rotational 
disorder which could be present in the Iower melting solid. On simpIr, recrystallization 
of the sampIe (dissoWion of the sofid in ethanol foffowed by rutol ecapurarian of the 
solvent) the high temperature form reappears in the first heating curve. 

The less pure sample of the ester, 97.94%, exhibited a single low-temperature 
endotherm on both first and second heating for the conversion of the solid to the 
mesophasc. However, the high temperature side of the endotherm on first heating 
has a slightly distorted shape. This may be due to the melting of a small amount of 
high-temperatnre solid. The most prominent effect of the impurity is alargereduction 
in the heat and the entropy of fu+?n. This reduction is unusually large, far greater than 
thepresence of 2.06% of impurity would indicate_ The second meiting endotherm of the 
99.70% esters is 21.7% larger with respect to transition heat than the 97.94% ester. 
The same hohis true of the entropy of the transition. However, even with these 
relatively Iarge thermodynamic effects the vertices of the solid + mesophases second 
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Fig. 3. DiSc~ntial -ins calorimetric curves of maphase heating. 

IFis 4_ Diftkrential dng caorimctric curves of mesophase cading. 



THEfMOJXNAMlC PROPER-flES OF CHO LESTERYL HEPTADECXNOATE 133 

TABLE fI 

TXERMAL DATA FOR CHOLEmR n xzF-rAr3~wh~ 99-70 biorz % BY DSC 

2-a T, T, AH G=a?~ AH (kcxzi/m) AS (caI/m]“K) TrarzXorz 

Fuss hea:thg solid 
74.9 78.3 - 1 

78.9 81.5 I 23-24 14.85 42.2 Solid + chobtcric - 
81.5 82.2 83.3 0.576 0.368 1.04 Chokstaic -+ isotropic liquid 

Fast cooling 
78.X 80.8 81.5 0.574 0.368 1.04 isotropic liquid -+ cholcsteric 
74.3 76.9 77.0 0.180 0.498 1.42 Ch0iestu-k -+ smtaic 

Heating smectic mesophase 
76.2 77.9 79.1 0.758 
79.1 81.7 - 

82.3 83.3 0.680 - 

0.484 1.39 Smectic 3 choicsteric 

0.435 1.19 Cholcstcric -a isotropic liquid 

Second coo&g 
77.6 80.7 80.9 0.52P 0.338 0.969 Isotropic liquid * choluttriC 
74.9 76.1 77.6 0.728 0.465 1.33 Cholesteri : 4 smectic 

Second hearing solid 
74.3 77.8 80.2 22x9 

81.1 82.4 83.4 0.628 

Heatins smecric mtsopkase 
76.8 77.7 78.9 0.70 1 
79.7 80-A - 
- 81.8 - 0.63 
- 82.2 83.2 

14.10 
(14.S) 
OACf 

ON8 

0.403 

40.2 Solid + choksteric 

1.13 cholestic -_) botropic liquid 

1.28 Smeftic-w chotestcric 

I.13 ChOkSteriC 4 isotropic liquid 

heating endotherms for the two samples are identical within the Limits of DSC sensi- 
tivity. On the basis of a simple visual or microscopic melting point these two obviously 
different sampIes appear to be identical. This serves to reinforce the idea t&t themo- 

dynamic data are required for an adequate understanding of mesopbase transitions. 
The second transition which occurs on heating the heptadecanoate ester is 

the cholesteric --, isotropic liquid transition. On first heating, the 99.70% sampIe 
obscures a portion of this transition with the tail of the endotherm due to the high 
temperature form. In Table II the data given for this transition are probably low for 
first heating due to this overIap. The two heats of transition for the first and second 
melt are 0.368 and 0.401 kca.l/moIe. .The value of 0.401 kca&nole is probably more 
correct. Irrespective cf which value is uhimatefy correct, the 97.94% sample exhibits 
a much smalkr, -54%, transition heat for the same cholesteric ---+ isotropic liquid 
transition. In addition, the location of the vertices of the endotherms are rn~u~b~y 
different, i.e., 1. I “C for the first heating and 1 S”C for the second heating. The 
endotherm for the 97.94% sample being lower in aU cases as would be expected. 
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Therefore, this transition is almost twice as sensitive on a transition-heat basis and 
over ten times as sensitive on a ~~si~on-~rn~~~ basis to impurities as the 
soIid -+ ChoIesteric transition. AIthough this supports the assumptions made in using 
the van? Hoff equation (the smaUer the transition heat, the greater the effect of 
impurities) some interesting questions concerning solubihty of impurities remain. 
0n cooling, the isotropic liquid chofesteryl heptadecanoate exhibits two mesophase 
$ranssitions, isotropic Iiquid -+ chofesteric and cholesteric + smectic. The smectic 
phase is monotropic since the formation of the sohd phase must be postponed by 
svpercoohg for the smectic phase to form. 

Due to the VrcooIing of the solid phase it is possible to study the mesophases 
in both heating and cooling modes- Since the microscopic textures of the mesophases 
are difTerent depending on the mode of formation, it is reasonable that smafl differ- 
ences in transition heats shotrId exist. An examination of the data for the 99.70% 
material in Table II indicates that the cholesteric --, isotropic liquid transition is 
12.6% larger than the cooling curve isozropic Iiquid + cholesteric transition for the 
99_70% ester_ The smectic --, cholesteric transition is only 3-l 1% smaIIer than the 
icholesteric + smectic transition. This 3-l 1% dif&rence is nut significant. From these 
data the dissolution of the open net-like cholesteric mesophase formed from either the 
bmectic or solid phase requires -12.6% more energy than the formation of the moss- 
like chokzsteric mesophase from the isotropic liquid. The smectic mesophase transition 
$0 or from the chofesteric appears to be independent of the direction of the phase 
change_ 

The mesophase transitions exhibited by the 97.94% ester under the same con- 
ditions are somewhat different from the transitions in the 99.70% ester_ The transitions 
in the less pure material are ca by the appearance of a shoulder on each 
endotherm or exotherm, Figs, 3 and 4, a depression of the transition point and a 
reducticn in the total heat of transition. 

The smectic mesophase transition appears to lx less sensitive to the impurity 
with respect to heat of transition than the cholesteric transition. However, transition- 
rtemperature depression and additiomd transition features are comparabIe between 
tie smectic and choIesteric transitions, 

The additional shoulders on the mesopbase transitions in the less pure ester 
suggest that the impurity is inducing several stable moIecuIar arrangements in the 
mesophases not found in puti material, These new “phases” may be due to aiterations 
iin the pitch of the cholesteric helix and variable Iayer separation in the smectic 
mesophase (see Ref. 12 for illustrations of these phases). These alterations would 
create disorder in the mesophases which woufd result in depressed transition tempera- 
ture, reduced entropy of transition, and reduced heat of transition. 

CONCLUSIONS 

From the more pure sampIe of chofesteryl heptadeunoate examined in this 
study, the ester has the following transition d.iag.ramz 
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Solid I 
78.9 “C 822°C 

* Choksteric P Isotropic liquid 

4 180.8”C 

Solid II 

Empurities have a great efkct on the temperature, heat and phase distribution of the 
mesophases. The transition temperature depression is in agreement with the predic- 
tions of the van? Hoff equation. It was found that the solid phase of the ester exhibits 
at Ieast two forms depending on impurity concentration and mode of formation (from 
ethanolic solution, vacuum sublimation or the smectic mesophase). The temperature 
of the soIid --, choiesteric mesophase transition is AativeIy insensitive to impurity 
concentration. However, the heat of transition is reduced very sharply by a small 
amount of impurity. For convenience, the thermodynamic data for the two samples 
examined on second heating in this study are summarized in Table III. 

TABLE III 

EFEEcf OF PURITY ON CHOLEUERYL HEETADECANOATE T-XAKmOHS 

Solid --) ehokstcrk 74.3 77.8 85.2 14.1 40.2 69.1 77.8 79.8 11.5 31.4 

aloksteric -_, 81.1 82.4 83.4 0.401 I.13 79.8 80.9 8f.9 0.256 0.723 
isotropic liquid 

alorcstcric 3 79.1 81.8 - 78.3 80.4 - 
isotropic liquid - 82.2 83.2 

hating SM) 

1 0.403 I.13 - 81.0 82.1 1 0.328 8.928 

Smcfztic+ 76.2 77.7 78.9 0.448 1.28 725 74.4 - 
choIcstcric 75.7 78.3 > 

0A04 1.16 - 

cheating SN) 

Isotropic liquid+ 78.1 80.8 80.9 0.368 1.04 81.0 79.3 77.4 0.294 0.829 
chokstcric 
(cooklg IL) 

choIcstc!ric + 74.3 76.9 77.0 0.498 1.42 74.6 73.7 - 
smaxic (cooling IL) - 72.6 71.5 0.356 I -027 

TU study has demonstrated that extreme care must be esercised in all phases 
of sampIe patron if accurate and meaningful thermodynamic data are to be 
obtained 011 these very sensitive choksteryi esters. 
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