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Data  are presented on the heats of phase changes and heat capacities for the even 
chain number  mercury(II) carboxylates from octanoate to octadecanoate. The octano- 
ate and dodecanoate melt directly to the liquid, while the decanoate and octadecanoate 
pass through a solid --* solid transition before melting to the liquid. The tetradecanoate 
and hexadecanoate pass through a mesophase before finally melting. I t  is proposed 
that  this mesophase is a G (smectic) phase. Addit ion of mercuric oxide to the tetra- 
decanoate and hexadecanoate causes the appearance of an additional mesophase. 
The results are explained in terms of the R theory of fused micellar phases. 

Mesophase formation in several metal carboxylates has been studied by a 
variety of techniques. However, there have been very few thermodynamic studies 
of these systems. One of the earliest thermodynamic studies of phase transitions 
in metal carboxylates was that of Vold [1]. Vold developed a differential calori- 
meter which he used to measure the heats of phase transitions in some long-chain 
sodium soaps. Similar results have been reported on the low chain-length sodium 
and potassium salts [2-4]. Meiselet al. have re-investigated the thermal behaviour 
of the sodium carboxylates [5], while thermodynamic data have been reported for 
some other metal carboxylates [6 - 9]. Recently, we reported heats of phase transi- 
tions and specific heats for some even chain number lead(II) carboxylates [10]. 

In the present paper we have extended the study to the mercury(II) carboxylates. 
Although the preparation and gelling properties of mercury octadecanoate have 
long been reported [11 ], there are no data in the literature on the thermodynamics 
of phase transitions in the mercury carboxylates. We now report heats of phase 
changes and heat capacities for the even chain number mercury(II) carboxylates 
from octanoate to octadecanoate inclusive. The effect of mercuric oxide on the 
thermal behaviour of some of the soaps is also discussed. 

Experimental 
Materials 

All the fatty acids employed were "specially pure" grade, B. D. H. products 
and were stated to be of at least 99 ~ purity by g.l.c, assay. They were used without 
further purification. Mercuric chloride and mercuric oxide were "Analar" grade 
B. D. H. products. 
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Preparation of soaps 

The soaps were prepared by metathesis in alcohol solution [12]. The potassiu m 
salts of the acids were first prepared by dissolving the acids in hot ethanol and 
then adding the stoichiometric amount of solid potassiumhydroxide. A solution 
of the stoichiometric quantity of mercuric chloride was next added. The resulting 
precipitate was filtered and washed with water, followed by ethanol and finally 
acetone. The soaps were recrystallized from hot benzene. 

Elemental analysis and IR spectra of the compounds showed that they were 
free of water and excess organic acids. The results of the elemental analyses 
of the compounds are shown in Table 1. 

Table 1 

C and H analyses of Hg(II) carboxylates 

Carbon C, ~ H, 

chain length Found Theory Found 

8 
10 
12 
14 
16 
18 

Theory 

39.47 39.32 
44.24 44.47 
48.12 48.38 
51.34 51.20 
54.05 53.91 
56.36 56.50 

6.17 
7.00 
7.69 
8.25 
8.73 
9.13 

6.32 
7.14 
7.75 
8.32 
8.80 
9.20 

An attempt was made to prepare the hexanoate by a similar procedure, but 
without success. In another attempted preparation, potassium metal was used 
instead of KOH, but again no product was obtained. This latter procedure had 
been successfully used in the preparation of manganese hexanoate [13 ]. The failure 
to precipitate mercury hexanoate in this medium suggests that mercury hexanoate 
is extremely soluble in ethanol. 

The mercury soap/mercuric oxide mixtures were made by weighing the appro- 
priate amounts of the two compounds into a quick-fit conical flask. The flask 
was evacuated and the mixture melted. It was necessary to cool, grind and remelt 
the mixtures a few times before all the mercuric oxide would completely dissolve 
in the melt. 

DTA measurements 

About 20 mg samples were sealed in the standard aluminium crucibles of the 
Mettler TA 2000 Analyser and scanned at a heating rate of 0.5 K min -1. Measure- 
ments were made in duplicate on at least three separate samples. Peak areas were 
measured by cutting and weighing. 

Specific heats were obtained by the method of baseline displacement. Optical 
observation of the melts was made with a polarizing microscope to which a Kotter 
heating stage was attached. 
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Results and discussion 

The DTA curves of the mercury(H) carboxylates are shown in Fig. 1. The 
octanoate and dodecanoate show a single peak corresponding to the transition 
solid ~ liquid, while the others show an additional phase transition before melting 
to the isotropic liquid. We have called this additional phase, phase I in Table 2. 
Heat capacities for the solid phase are shown in Fig. 2, while the corresponding 
values for the liquid are listed in Table 3. All the values are accurate to within 
_ 2 %. The heat capacities of the liquids are practically temperature-independent 
(over the temperature range studied), while those of the solid are temperature- 
dependent. They vary linearly with temperature over the temperature range 
studied. The temperature-dependence of specific heats in the solid probably 

dQ 
dt 

350 370 390 
Temperature ~ K 

Fig. 1. DTA curves for the mercury carboxylates. Scan speed, 0.5Kmin -1 
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demonstrates that subtle structural changes occur in the solid phase with changing 
temperature. 

The temperature of phase transitions, as well as AH and AS values for each 
phase transition, are given in Table 2. Optical observation of the samples under 
a polarizing microscope suggests that the:first phase (phase I) in mercury decanoate 
and mercury octadecanoate is probably a solid ~ solid phase transition as it was 
not readily subject to mechanical deformation when pressed between coverslips 
on a hot stage microscope. This is supported by the relatively small heat change 

Table 2 

Thermodynamic data for phase changes 

CarbOnchain So l id  ~ p h a s e  I 

l e n g t h  T, K AH, AS, 
K J . m o l  - i J. m o l  - ~K - 1 

8 
10 
12 
14 
16 
18 

380.8 

382.4 
383.4 
35!.2 

5.3 

57.9 
49.5 
4.4 

14.0 

151.4 
129.1 
12.3 

C a r b o n  : P h a s e  I ~ l i qu id  

c h a i n  
l e n g t h  Tj, K AH, AS, 

: K J . m o l - 1  J . m o l - ~ K  -1  

8 
10 
12 
14 
16 
18 

] 389.3 

387.0 
390.3 
393.2 

70.2 

40.0 
59.5 

116.5 

i80.3 

103.2 
152.4 
296.3 

C a r b o n  So l id  ~ l i qu id  

c h a i n  
l e n g t h  T ,  K AH, AS, 

K J . m o l  - i J . m o l  - ~K - 1 

8 '~ 387.2 
10 
12 394.2 
14 
16 
18 

61.5 

94.8 

159.0 

240.7 

Error in T is +0.1 K and error in AH is within ___2~. 
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Table 3 

Molar heat capacities of liquids 

Carbon Cp, Temperature 

chain length J . m o l - t K  -1 range, 
' K 

8 
10 
12 
i4 
16 
18 

635.5 
817.0 

1089.2 
1135.5 
1217.3 
1377.2 

400--425 
403--420 
413--430 
413--421 
396--421 
391--433 

Error in Cp is within -I-2Yo. 

239 

that accompanies this transition. On the other hand, optical observation suggests 
that the first phase transition in mercury tetradecanoate and hexadecanoate is a 
solid ~ mesophase transition, since these phases are readily deformable when 
pressed between coverslips on a hot stage microscope. Again, this is supported 
by the relatively large heat change (about 50 ~o of the total heat change) which 
accompanies this phase change. Thus, there seems to be no correlation between 
the chain length and the number or type of  phases exhibited by the mercury 
soaps. 

0 aoo 

clO 

600 

400 I 
320 330 340 350 

Temperature ~ K 

Fig. 2. Molar heat capacities of the solid mercury carboxylates 
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It was not possible from optical observation to classify the mesophases formed 
by mercury tetradecanoate and hexadecanoate. In an earlier DTA study of meso- 
phase formation in lead(II) soaps [10], we suggested the phase sequence crystal 
G (smectic) ~ V~ (cubic isomorphous) ~ liquid for the dodecanoate and lower 
chain length soaps, while for tetradecanoate and above the V2 phase is absent 
and the G phase melts directly to the liquid. It is tempting to speculate that the 
mesophase formed by the mercury soaps is probably a G phase. This speculation 
is made more attractive by the fact that the heat change for the G ~ liquid phase 
transitions reported [10] for lead tetradecanoate and lead hexadecanoate (41.6 

o 
�9 r 300  - -  y. 

% 

r~ 

~ 250 

20O 

150 T I I T I ,,... 
8 10 12 14 16 18 

Cha in  length 

Fig. 3. Total enthropy change for the process crystal ~ isotropic liquid 

and 46.4 KJ. mole -1, respectively) are of the same order of magnitude as those 
of the corresponding mercury soaps (40.0 and 59.5 KJ.mole -1 for the tetradecano- 
ate and hexadecanoate, respectively). Furthermore, X-ray studies by Spegt [14, 15] 
and Luzzati [16, 17] on the mesophases of several divalent metal soaps show 
that they initially pass through a phase that has a lamellar structure (correspond- 
ing to the G phase) when slowly heated. Unfortunately, no X-ray studies on mer- 
cury soaps have so far been reported and further discussion should await an 
X-ray structural study of these soaps. 

A plot of the total entropy change accompanying the phase change solid ~ iso- 
tropic liquid against chain length is shown in Fig. 3. It is seen that A ~ t o t a  I is 
strongly chain length-dependent, increasing with increasing chain length. This is 
consistent with the idea that the major process during melting is the disordering 
of the hydrocarbon chains. 
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Figure 4 shows the DTA curves for mercury tetradecanoate and hexadecanoate 
to which small quantities of mercuric oxide have been added (mole fraction of 
HgO = 0.1). It can be seen that the addition of mercuric oxide to these soaps 
causes the appearance of a new phase on the low-temperature side of the DTA 
curves. Optical observation showed that this phase is an additional mesophase. 
However, optical observation did not help in characterizing this new mesophase. 

It is well known that several amphiphilic systems are capable of incorporating 
into their polar regions a considerable amount of water, inorganic salts and 
water-soluble organic compounds [18], and in a recent paper [19] we reported 
thermodynamic data on mesophase formation in the lead dodecanoate/lead oxide 
system. We showed that the addition of a very small amount of lead oxide to lead 
dodecanoate causes the V2 (cubic isomorphous) phase to disappear, and that the 
G phase breaks down into different G forms. These observations were rationalised 
in terms of the R theory of fused micellar phases [18]. 

d._qe 
dt 

I I 
350 370 390 410 

Temperature  ~ K 

Fig. 4. DTA curves for mercuric oxide/mercury carboxylate systems. (a) Mercuric oxide/ 
mercury tetradecanoate; (b) Mercuric oxide/mercury hexadecanoate. (Mole fraction of 

HgO = 0.1). Scan speed, 0.5Kmin -1 

The R theory interprets the structures of mesophases in terms of a balance 
between the intermolecular forces which tend to make the amphiphilic portion 
of the lamella become convex towards its lipophilic environment and those which 
tend to make it become convex towards its polar environment. Thus, the ratio 
R = tendency of amphiphilic layer to become convex towards its lipophilic 
environment/tendency of amphiphilic layer to become convex towards its polar 
environment, must be unity in all directions within the lamellae. 
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We can apply  the concepts of the R theory to explain our  results on the mer- 
curic oxide/mercuric soap systems. Addi t ion  of  mercuric oxide to the soap in- 
creases the strength of the ionic interact ions inside the polar  par t  of  the lamellae 
of the G phase, tending to make  them concave towards the polar  region. Ther-  
mal  disrupt ion of  the interact ion of the hydrocarbon  chains decreases the counter-  
ba lancing tendency,  thus changing the value of  R from unity,  and  the G phase 
breaks down at lower temperatures.  The internal  rearrangements  to try and  
main ta in  a value of R -- 1 result  in the format ion  of a new distinct phase. 
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R~SUM~ -- On pr6sente des donn6es sur les chaleurs des changements de phase et les chaleurs 
sp6cifiques des carboxylates de mercure(II), m~nae h longue chaine carbon6e, de l'octylate h 
l'octad6canoate. L'octylate et le dod6canoate conduisent directement au liquide par fusion 
tandis que le d6canoate et l'octad6canoate subissent une transition solide-solide avant de 
fondre. Le t6trad&anoate et l'hexad6canoate passent par nne m6sophase avant la fusion finale. 
On propose pour cette m6sophase une structure smectique (G). L'addition d'oxyde de mercure 
au t6trad6canoate et h l'hexad6canoate donne une m6sophase additionnelle. On explique les 
r6sultats en se r6f6rant h la th6orie R des phases micellaires fondues. 

ZUSAMMENFASSUNG - -  Daten der Phasentibergangsw/irmen ~und W~irmekapazitfiten der 
Quecksilber(II)karboxylate mit geradzahligen Kohlenstoffatomen vom Oktanat bis Oktade- 
kanat angegeben. Oktanat und Dodekanat schmelzen unmittelbar zur Fliissigkeit, w/ihrend 
Dekanat und Oktadekanat durch einen Fest-Fest-Cbergang in den flfissigen Zustand tiber- 
geftihrt werden. Tetradekanat und Hexadekanat werden fiber eine Mesophase endgtiltig ge- 
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schmolzen .  Es wird ffir diese M e s o p h a s e  die S t ruk tu r  e iner  s m e k t i s c h e n  G - P h a s e  vorgeschla-  
gen.  De r  Z u s a t z  y o n  Quecks i lbe rox id  z u m  T e t r a d e k a n a t  u n d  H e x a d e k a n a t  ve ru r s ach t  das  
Auf t r e t en  einer  zus~itzlichen M e s o p h a s e .  Die  Ergebn i sse  werden  d u t c h  die R -Theo r i e  ge- 
s chmolzene r  Mice l l a rphasen  erkl/irt. 

Pe3roMe - -  YIpe/ICTaBneO_~I ~aHm, ie TeIIJIOT ~a3OBblX ~3MeHeHrt~ ~ TerI~OeMKOCTe~ ~Jlfl 'teTHO- 
uenH~Ix KapSorcHnaToB pTyTa(II)  OT orTaHoaTa ~o oKTa~eKarioaTa. OrTanoaT r~ ~ogeKaHoaT 
IISIaB~/TC~I llp~IMO JlO Xrl~ror0 COCTOaHVL% B TO BpeM~ K&K ~ e r a n o a x  ~ OKTa~eKauoaT nepe~ nna -  
BaeHrteM rtpoxo~aT qepe3 IiepexoK Tarla TBep)Ioe TenO-TBep~oe Teflo. TeTpageKaHoaT ti r e rca -  
~eKaHoaT rrpoxo~aT ~epe3 Me30qba3rIoe cocxoarme nepe~ rorie~m,lM n~aBnermeM. 1-Ipe~rIono- 
~reHo, nTo aTa Meaoqba3a SBStSeTcz )K (cMecTriqecKaa) ~a3OB. ~o6aBKa or, rtcrt pxyTrI K reTpa~eKa- 
r~oaTy r~ rerca~eKanoaTy BB~3~,maeT nO~B~ear~e ~or~onHaTe0]b~O~ Me3odpa3BL Pe3y~a, TaT~,i 06~,g- 
cnea~i Ha OCHOBe P Teopr~  pacnaaBnenrmLx M~ii~e~nprrbrx d~a3. 
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