
T/~.,,,oc~im/c~ Aanra. 27 (1975) 133-140 
~) Els~-icr Sck:ntiftc Publi~hinr, Company. Amslcrdam - P6ntcd in The Nc~hcdancls 

A D I F F E R E N T I A L  T H E R M A L  A N A L Y S I S  S T U D Y  O F  T H E  SYSTEM 
L E A D ( ! I )  DODECANOATE~_*-DODECANOIC A C I D  

5- O L U Y E M I  A D E O ~ H "  ~-~ ,  M .  ~ ;HOLA A K A N N !  

D~.l,,~raw~r ~ Chmr iu~ .  I.;~irn~-itr ,,]'1[~'. I!¢-I/~'. ~ ?;igeria; 
[ g ~  14 No~cmb~r 197"/) 

ABSTRACT 

Data are presented for  the heats and entropies o f  phase changes for  thc ~-stcm 
lead(liD dodccanoatcEdodccanoic acid. A phase dia~oram has also been constructed 
for  the s~tem_ 

Optical ob~r~at ions using a hot-stage polarising microscope su~g~t that in 
mixtures containing ve~- Io~- acid concentration ( X ' ~  ~ 0.01). the phase sequence 
is the same as in the pure soap. i.e. c r ~ a l  - -  G,,,.~,~I -+ It_- ,~, ic i , ~ , , ~  "4 
l iquid. The V_. phase disappears at higher acid concentrations_ A t  high acid concen- 
trations ( X ~  ~ 0.06) a n e ~  phase transit ion occurs a t  tcmpcrature~ vcry closc to the  
melting point  o f  the pure acid. 

The total ent ropy chan.o_e accompanying the t ransformation c o s t a l  --~ ' iquid 
phase ~ the same for all the composit ions studied. This  suggests that  the addit ion o f  
dodccanoic acid to lead dodecanoate  does not alter the dc~rce o f  order  o f  the hydro-  
carbon chains either in the .~olid or  l iquid pha~.  

I .'~'TitOi)UC'T10~ 

In an earlier paper' l ,~ reported thermodynamic data on melting and mesophase 
formation in some lead(l l )  carboxylates. In particular, we showed that for  pure lead 
dodecanoate, the phase sequence iscrystal --- G,,.,.~,~,) - -  I", to, hi, ~,,q,~,,,1 "-" l iquid. 
We attempted a rationalisation o f  th~ pha~  sequence in terms o f  the R theory ~ o f  
fused miccllar phases. ,~'hich was o r i~na l l y  belie.,-cd to be applicable only to "fused' 
mesophas~ in ~'hich the amphiphi l ic la)'ers ,~'ere labile. 

In an attempt to further test the applicabil i ty o f  the eot~cepts o f  the R theory to 
non-aqueous carboxylate phases we have presented data on some soap sys-tcms in 
which perturbations o f  the in termole~ular force~ o f  the amphiphiles haYe been effcctcd 
by the addit ion o f  polar and non-polar materials to the soap. In particular, we have 
modified the intermolccular forces within thc ionic port ion o f  the amphiphiles by the 

° To ~4~n ~11 correspond~u~ should Ix: addrcssodL 
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addi t ion o f  I~ad oxide to  lead dodecanoatc  ~. It  was observed tha t  the addi t ion o f  the 
smallest am oun t  o f  lead oxide (Xrt o = 0_005) caused the disappearance o f  the V; 
phase and  tlmt the G phase broke down into three structurally different G forms. 
SimiLarly, we ha,,~ modif ied the intcrmolc-cular forces wi th in the l ipophi l ic port ion o f  
the amphipbi les  by the addi t ion o f  hendecane to  lead dodecanoate  a. As  in the ~.___~ o f  
the lead dodecanoatc~lead oxide s ~ t c n ~  the addi t ion o f  hendecanc suppressed the 
format ion o f  the F% p h a ~  and  a new phase appeared a t  the hi oh temperature region_ 
The  R t h r o w  ~a~ found to be adequate  in exp~ in ing  these observations. 

I t  is the  purpose o f  the  prcscmt stud)- to examine the effect o f  s imultaneous 
pet lurbat ions  o f  the intermolecular forces both ~ i th in  the ionic and the lipophilic 
port ions o f  the a m p h i p h i l ~  on  ~ p h a ~  formation_ T h ~  has  been done  by examin- 
ing the effe£t o f  the addi t ion o fdodecanoic  acid on the thermodynamic~ o f  mermphase 
format ion o f  pure lead dodecanoate  nsin~ quantitatix~ DTA.  In tlt~ lead dodccanoate~ 
dodeeanoic ~ ~ ' s tem the carbox)'late head ~roups o f  thc acid arc incorporated into 
the ionic por t ion o f  the soap  while the  hydrocarbon chains o f  the acid are incorporated 
into  the l ipophi l ic port ion o f  the soap. 

E X ~ A L  

The  prelgtration and  purification o f  lead d ~ n o a t e  has  been described 
elsewhere ; .  Podecanoic acid , ~  a B.D+H. product and ~ t s  rcc~tallL~,~:i f rom 
ethanol  !b~l'om use_ The mixtures were made  by ~'eighing the appropria te  amounts  o f  
the compounds  into  a quick-fit conical flask. The  flask ~l~s then c~acuatcd and the 
mixture melted on a hot  plate_ The  acid di~_~oh-ed readily in lead dodecanoate.  

DTA measurements  ~-ere made on a Merrier TA ~000 system_ About  ! 5-20 mg 
o f  the sampl~e ~ , s  ~x~ighed on a Cahn  electrobalance, sealed into the s tandard alu-  
minium crucibles o f  the Merrier T A  ~)00 analyscr  and  scanned at  a heat ing rate o f  
I K r a i n - t  Mcasurc-mcnts ~c'lr~ performed in duplicate on a t  least four separate 
samples. The. equipment  was calibrated xliti~ indium metal and peak areas were meas- 
ured by cut t ing and ~ i ~ l l i n ~  

Optical obscr~ t ions  were made on a hot sta~:c polarisin~ microscope. I g  
spoc~ra were recorded as K B r  pellets on a p)~ unicam SP I I00 IR speclropholomeler. 

T)lpical D T A  c u n t s  o f  the mixtures are shol i~ in F i~  I. The Igaks are labelled 
A.  13. C'and D. Detailed examination o f  the D T A  peaks t o ~ t h e r  ~,ith optical obsess-  
l ions on a hot s t ~ c  polarisin~ microscope a l i o ~ l  tbe construction o f  a phase dia- 
gram for  the s~ tem (Fie_ 2)_ The p h a ~  diagram for  the low acid concentration r e ,  on 
has bc~n ~lxandod in Fie- 3. 

I t  can ~x: obsegx~d that the addit ion o f  up to 13.01 mole f~c t i on  o f  acid go lead 
dodecanoate  does not  caus~ the disappearance o f  the  I~  phasc (peak D)- Howe~. r .  
the  g .  phase disappeared a t  hi~.Jt~lr acid concentrations.  At  0.06 mole fraction o f  acid 
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Fig. I. DTA c u n ~  for  Pb(Ct!3(CH_-IteCO_-I:,~CIt3(CH..ItnCOO!! mixture-.. 

( e l  Xc1~¢~ l i : t  . . c ' ~ , ;  -. n. l , r~ (d )  X c ~ i ~ ¢ c , , : , . ~ , ,  _ Lx~ . :  
(c) .rc.~cc~t:s..,eJ~on _.. a_t.~.: i f )  X c ' . ~ c l t . t , ~ - , m . . ~  ,,..-~. 
.~:an spt:gd;, ! K ra in-  t .Ord ina te :  _IT. A b ~ i s ~ :  t cmpo~tu rc  t (7) 
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and  above, a nc~ ~ peak appeared at the low temperature rc~ion. T~.lis is labelled peak 
A in F i ~  I- Optical  obserx~tion suggests that  this phase chan ee is a solid --* solid 
transition. It  is i n t c t~ t i ng  to note that  the temperature o f  this pha.~e transit ion is ,~ery 
close to the melt ing point  o f  the acid. 

At  0.18 mole fraction o f  acid and above, the G phase disappeared and the second 
solid phase ~ directly into the liquid. It is noteworthy that  while the temperatures 
o f  the solid I --* solid II phase transit ion b-ere ¢ssential!y constant ,  the transit ion tem- 
perature~ into the isotropic liquid decreased x~ith increase in acid concentrat ion.  

The data  on  enthalpy and  ent ropy chanE~:s for the different phase transi t ions 
arc  p ~ t e d  in Table  I. The  values are  calculated per mole o f  hydrocarbon chain 
p ~ t  in the mixture since the major  contr ibut ion to the en t ropy  chan ee is the 
disordering o f  the hydrocarbon chains.  The errors in these ,,~tlues arc ~lithin .~. 2~/r 
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T A g L E  I 

T I I ~ ~ O L M i [ ~  DATA FOR 1MtA.~ CI!A-'%~I~ I-~ TII~ :~':STI~ LI[AII:) DoD[~'~O~TI~IDOO~,~'~UI~C ,~11) 

Phosr cl~m~e A B C D 
X ~ a , , ~  +-!H -.!$ +111 .IS +-+ _li t  _IS .~H- +.]S , -+IHT,+,,; .l+~r.r,~e 

0 - -  ~ 2 4 _ .  ~ 6 6 . 0  14-8 39-4  0 . 5  I -3  39 .5  106.7 
0 .011 - -  - -  24-1 6 5 . 4  14.7 3,~.9 0 . 4  I . I  3 9 . 2  i 0 5 . 4  
0-O19 - -  ~ 24_6 66.~ 14.3 37_g ~ ~ 3~.9 104.6  
0-041 ~ ~ 24_$ 6 6 . 7  14_1 37 .4  ~ - -  38 .6  104.1 
0 - 1 0 2  1.3 4.1 ~_~_4 77.1 9 -6  25 .6  - -  - -  39-3 I O K g  
O- I ~9 ~--6 8-3 3 0 . 7  8 3 . 4  4_~ 12- I - -  ~ 37 .8  ! 03 -8  
0-199 3.~ I IJO) 34 .2  9 ~ 7  . . . .  37.7 103-7 

0 ~.252 5 .7  18-0 3?  ? 87-3  . . . .  37 .9  !0~ .3  
0 .301  5 .3  16.7 37~2 ~ S7 .5  . . . .  37 .5  104.2  
0 . ~ 1 9  8-7 2 7 . 4  2 7 . 9  76 .3  . . . .  345.6 103.7 
0 - 3 9 9  8-4  26-4  2JL4 " ~ - I  . . . .  3 6 ~  i 0 4 . 5  

-4 I I  ~.ducs arc cxp rcss~  in  k.l (mo le  o f  hydrocad~on chain)  - ~ v,-hitc. IS  ~, lucs arc c x p ~  in J K -  I 
(mole orh)~Jrc~rbon d ~ i n ) "  *. E n o t ~  in  t l ~  ~-~lucs_ arc ~ ' i th in  ~ TM';- 

D ~ O . ~  

It has been shown that the concepts of  the R theogy are useful, at  least in 
qu~l i ta t i~ terms, in the interpretation of  phase transitions in amphiphilic mcso- 
phases ~. The R theory interprets the structures of  mesophas~ in terms o f  a balance 
between the intermolecu!ar forces which tend to make the amphiphilic portion o f  the 
lamellae (C) become convex towards its lipophilic environment (O) and those tending 
to make i t  become convex tow~ards its polar environment (~V). According to Winsor-', 
the ratio, R, o f  these tendencies can he exprcss~ as 

where A ~  is the energy of  interaction per unit area of  interface at the X ~ r  interface.. 
For a gi~rJ O and W, R will increase ~ i th  the ratio A~.~A~-~. 

Our results on the. lead dodccanoate[dodccanoic acid system can be rationaliscd 
in terms of  the R t h ~ , ~ .  Addition o f  small quantities ofdodecanoic acid (Xx~ ~ 0.01) 
to pure lead dodet:anoate does not si.~rJificantly alter the intcrmolccular attractions 
responsible for At6 and Ac.~. Thus the ratio A~-61.4~. ~- remains essentially the same as 
in the pure soap and hence the phase sequence in the system lead dodecanoate/lead 
dodccanoic acid at  very low acid concentration remains the same as for the pure soap, 
i .e. cry~-tal -.-.. O t ~ s ~  ) "4" V z ¢ ~ i c  ~ . # ~ N ~ )  "-" liquid- However, at higher concentra- 
tions oflh© acid the intermolcx:ular attractions responsible for .4(: 6 become bi~per due 
to increased ,,'an der Waals forces between the hydrocarbon chains. On the other hand 
the intermolecular attractions responsible for A~.~ arc not significantly different from 
those in the pure soap since the ¢arboxylate head Stoups of  the acid are in an envi- 
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ronment o f  similar ions, i.e~ carboxylate head groups o f  the soap. It  is assumed here 
that  the repuLsix~ forces between the h vdrom~n ions of  the acid and the lead ions o f  
the soap make little contribution to AC~_ The result is that the ratio, R, ~ill tend to 
inc tea~  and ~he stability o f  the lamellar (G) phase could be maintained only by some 
internal rearrangement that  would restore the t-alue o f  R to unity. Beyond the limits 
where such rearrangement is enet~ticalb" possible, the phase breaks do~,-n thus 
sing into the L~tropic liquid. At high acid concentration (K~ia ~> 0.18) the ratio R 
becomes much greater than unity thus making the G phase un.~able and the solid 
p h a ~  passes directly into the liquid phase_ 

One aspect o f  our results that is worthy o f  note is that the V~ p h a ~  pcr~sts in 
lead dodecanoateldodecanoic acid mixtures containing up to about  0.01 mole fraction 
o f  t l~  acid. ALso, the temperatures of  the phase transitions in these mixtures are 
similar to those in the pure soap. This result contrasts with the behaviour o f  the lead 
dodecanoate~lead oxide and lead dodecanoate~hendecane systems where the smallest 
addition o f  lead oxide or  hendecane resulted in the disappearance of  the V. phase_ 
The practical implication o f  this result is that DTA technique is not ,wry useful in 
detecting acid contaminants in metal carboxylates when the acid cor, centration is 
extremely low, unlike the case o f  metal oxide contaminants_ It is also important to 
note that the IR spectra o f  the soaplacid mixtures containing up to 0.01 mole fraction 
o f  acid, do not show the characteristic acid peak at  1700 cm- t which a~ain demon- 
strates the limitation o f  IR spectroscopy in dctecling the pn:setgc of  excess acid in 
metal carboxylates when the acid conc~t ra t ion  h very low. 

l n s p e ~ o n  o f  the phase diagram in Fig. 3 sho~l~ that a he-x, phase transition 
occurs on the low tcmlgratuv~ side at about 0.06 mole fraction of  acid and aboi~.. 
The temperatures o f  this p h a ~  tran~tion are very close to the melting point o f  pure 
dodecanoic acid. Optical obser~ation suggests that this phase change is a solid --* solid 
transition as the new phase is not readily subject to mechanical deformation. The 
enthalpy chan_ee accompanying this pha.~ transition (Table I) increases roughly with 
incrca~ in acid concentration. It is therefore tempting to speculate that this new phase 
chan.ee corre.~ponds to the melting of  cxo~___~ acid that  is not incorporated into the 
amphiphilic :tystem. Ho~_-x~cr, careful optical observation clearly showed that there 
~ s  no meltlng and that the phase change is a solid --* solid transformation. 

One notable feature o f  the phase diagxam s h o ~ t  in Fig r 2 i~ the apparent lack 
o f a  eutecth: point. In a DTA study of  the liquid-liquid and liquid-solid equilibria of  
some binary systems o f  alkali metal stearates and some fatty acids:;, eutectic points 
were observexl with eutectk: compositions very close to 1.0 mole fraction o f  the acid. 
.For example in the sodium stearatc~a~cinic acid D-stem, the eutectic point occurred at  
0.989 mole fraction o f  succinic acid while in the potassium stearate]succinic acid 
system a e u t ~  point occurred at  0_994 mole fraction of  the acid. It is noteworthy 
that  these amhors did not  present data on any binary system containing a metal 
carboxytate and its c o ~ n d i n g  fatty acid as has been done in the p re~n t  study. 

The most ~riking feature o f  the quantitative results summarised in Table I is 
the approximately constant value o f  the total enthalpy chan~e as ~ 1  as the total 
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Fig.  4. I R  s i~ 'c l ra  o f  P ~ C H 3 I C H . ) I . C O z )  " . C t l 3 ( C H : ) u e C ® I I  m ix tu res  in  [1~ C t | z  r ock ing  
~ o n .  Ab~.c~.sa: ft~qut-n~- (cm- '). 
(;a) PUn: Pb (CH j~ (C t t : ) I uCO_- ) :  ;. (b )  Xc~,~ttCltl:l i . . .c '~m!,  m..Q~ ~: 
(C) X~r .  ~ (c . . t ,~ -nos t  - o.ze~:~: (d)  Xc.) t~rnI :n,~ '~n,8 -- *,-I~,:- 
(¢) X c n , t c t t ~ = ~ ' t m j l  .~ L ~ J :  ( f )  X~t) (Cu:neat 'nonl  - ~ .  

entropy change for all the composit ions studied. This implies that addit ion o f  dode-  
canoic acid to lead dodecanoaze does not alter the state o f  order  o f  the hydrocarbon 
chains ei ther in the solid or  liquid phase_ This result contrasts with our  cartier results 
on  the lead dode~anoateflead oxide and  lead dodecanoat~hende~ane  s3~tems 3 where 
a steady decrease in the total entropy change with increase in lead oxide or  hendecane 
concentrat ion ~-as obsers~,d. We demonstrated that  the decrease in the total ent ropy 
change ~ i th  increase in concentrat ion o f  hendecane or  lead oxide was as a result o f  
_ereater order  o f  the hydrocarbon chains in the  liquid phase o f  the mixtures. 

In an at tempt to show that  the def~rce o f  order  o f  the hydrocarbon chains in 
lead doder~_noate is not  altered in the c~'stal phase on  the addit ion o f  dodecanoic  
a ~ d  I g  spectra o f  the mixtures were re~orded as KBr pellets between 1400 and 
1100cm -~. It has been reported that  in this re~-on a s e r ~  o f  bands occur as a result 
o f  the rocking o f  the C H ,  groups in the cgystal lattice a-~. These bands broaden on  
heating as the  chains are now free to  twist 8. Thus  if  addit ion o f  dodecanoic  acid 
causes a loosening o f  the packing o f  the hydrocarbon chains thus resulting in in- 
creased disorder, a broadening o f  these bands would be obsers~l_ l=i~mre 4 shoss~ the 
IR spectra o f  some o f  the mixtures and  the pure soap between 1100 and 1400 cm -n .  
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I t  is d e a r  f rom this  figure tha t  there is no  broadening of  the bands in this region in 
any  o f  the mixtures. Thus ,  it seems established that  addi t ion o f  dodecanoic acid to 
lead dodecanoate  does not  al ter  the degree o f  order  o f  the hydrocarbon chains ei ther  
in the ctystall or  in the liquid phase.. This  probably s u g a r s  tha t  the hydrocarbon 
chains  o f  the.acid are a , ,  an~ed in the cr~_,tal lattice and  in the liquid phase in the same 
manner  as  th~ hydrocarbon port ion o f  the dodecanoate  anion.  

A mor~ scn~t~,-c method of  demonstra t ing increased order  or  disorder in the 
cx~3stal or  liquid phase o f  the mixtures is to rn~_ ~ure the specific heats o f  the mixtures 
bo th  in the  c~,~tal and  liquid phasa~ and  compare  the values with those calculated on 
the basis o f  simple additivity,  as  was done  for the lead dodecanoatet lead oxide s) 's tem'.  
An  a t tempt  was made  to  measure the specific heats o f  the mixtures by the method o f  
baseline displacement using the DTA equipment.  Unfortunately,  we were unable  to 
obtain reproducible ~-alue~ 
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