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X -RAY diffraction pattez'ns at: room temI)erature 
and differential heating curves between room 
temperature and about 200-250~ have been 

obtained for a number of metal soaps of barium, 
calcium, and lithimn. The I)urI)ose of this paI)er, 
besides reportilzg these data, is to point out the ex- 
tent to which different soaps of the same e a t i o n  
behave similarly, in contrast with the highly indi- 
vidual behavior of soaps of different cations. 

Some information as to the extent to which sodium 
soaps of different fa t ty  aeids exhibit similar polymor- 
phie behavior, and also similar phase behavior with 
water is available. The present authors con( 'Auded 
on the basis of binary phase diagrams of anhydrous 
sodium soaps (~) and heats of transition (11) that 
at least some of the phases of sodium soaps from (!v_, 
to (~,~, im.luding saturated soaps and oleate, were 
isomorl)hous. Buerger, ~;mith, Ryer, and Spike (1), 
Mills (7), and Ferguson, Rosevear, and Stillman (2) 
have used x - ray  diffraction p a t t e r n s  at room tem- 
perature to identify similar phases in different soap 
systems. MeBain, Void, and Jatneson (6), aud Me- 
Bain, Elford, and Vohl (5) have aehieved a nleasure 
of sueeess in ('orre, lating the phase behavior of nfixed 
sodium soaps in water with that of the same soaps 
taken separately. The labor entailed in achieving an 
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un(lerstau(ling of the I)hase behavior of soaps in oil 
would obviously be substantially lessened if a simi- 
lar situation prevails with soaps of other cations. 

It has been found already (3. 13) that the stearates 
and pahnitates of the same metal exhibit very similar 
behavior. The present work extends these ideas to 
unsatm'ate(I soaps and soap nfixtures, and lithium 12 
hydroxy s t e a r a t e .  Two calcium resinates (abietic 
acids) were also investigated. 

:Experimental Part 
Materials and Techniques: The soaps eml)loye([,  

and their origin or mode of preparatiolb are sum- 
marized in Table I. X-ray diffraction patterns were 
obtained at room temperature (ca. 25~ with a 
North American Philips Co. recording x-ray spec- 
trometer as previously (teseribed (12). Differential 
heating curves were obtained using white nlinera[ oil 
as a referen(;e nmterial in the calorimeter, also de- 
.~(.ribed e l s e w h e r e  (9). The heating rate normally 
('ml)h)yed was 1.5 degrees per mitmte. Lack of per- 
feet performance of the control syslenl oeeasionally 
le(1 to rates as high as 2 degrees per minute over 
1)oriions of a run. A few runs were made at 0.5 (le- 
grees per minute, which rate leads to a lower sensi- 
tivity but assists in resolving sueeessive close-lying 
transitions. 

Results: X - r a y  diffraction patterns for the several 
soaps are presented in Figs. 1-5. Numerical value.~ 
of the positions of the prin(.ipal peaks and their rela- 
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Fit;. 1. X-ray I) i ffract ion P a t t e r n s  of  Ba r ium Soaps.  I, B a r i u m  t )a lmi ta te ;  r l ,  B a r i u m  S tea ra t c ;  I I I ,  B a r i m n  " T a l l o w -  
a l e . "  IAnes A, B, (!, D, E, and  F are  used to charac te r ize  the  l )a t terns  and  hell) d i s t ingu i sh  them f rom those of o ther  soaps.  
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FIG.  2. X - r a y  l ) i f f r a e t i o n  P a t t e r n s  o f  ( ? a l e i u m  S o : t p  I { y d r a t e s .  I ,  C a l c i u m  p a l m i t a t e  m o n o h y d r a t e ;  I t ,  c a l c i u m  s t e a r a t e  
m o n o h y d r a t e ;  I I l ,  e a l c i m n  " t a l l o w a t e "  m o n o h y d r a t e ;  I V ,  h y d r a t e d  c a l c i u m  o l e a t e .  I , i n e s  A ,  B ,  C,  a n d  D a r e  u s e d  t o  
c h a r a c t e r i z e  t h e  p a t t e r n s  a n d  h e l  l ) d i s t i n g u i s h  t h e m  f r o m  t h o s e  o f  o t h e r  g r o u p s .  

t i re  inttmsities are sumnmrized in Tables I [  and I I I .  
Rept~ate(I evaluations of the accura(,y of the diffrac- 
lion m e a s u r e m e n t s  have shown that  for  different 
samples of the same stock of soap, reproducibi l i ty  is 
about • 0.02 ~ (in 20; the precision in h varies with 
20) in lira; position and about  5% in relative intensi- 
ties. I )a ta  for  independcrlt prcl)arations of soap are 
available for calcium and l i thium stearatcs. The long 
spacings are more scnsitivc to pur i ty  of the stearic 
acid than are the short spacings. Variations ut) to 
1-2 A in position have been found in samples between 
whose short sI)acings differences of at  most 0.02-0.03 
,'\ Occurred. The relative intensities vary  enormously 
as between the long spacings and the short  sI)acings. 
The effects are believed due to o r i e n t a t i o n  of the 
erystalli tes in the sample mount  of the instrument.  
Within the group of short spacings, h o w e v e r ,  the 
maximum variat ion in intensity in four  independent  
samples was less than 10%. 

Trans i t ion  t emperatures  as obtained f r o m  differen- 
t ial  heat ing  curves  are s u m m a r i z e d  in Table  IV.  I) if-  
fercnt ia l  heat ing  curves  for the remainder  are g iven 
in Fig. 6. The transit ion tempera tures  reported are 
derived f rom the experimental  curves by  backwards 
extrapolat ion of the steeply rising portion of a peak 
to its intersection with the (substant ia l ly)  constant 
steady state differential t e m p e r a t u r e  or base line. 
This procedure has been justified empir ical ly by  re- 
stilts obtained on materials  of known melt ing point 
(9). The values given arc probably  correct to within 
• 2-3 ~ 

( ' a l c i u m  resinates were heated f rom room tem- 
pera ture  to 250~ without any  transi t ions being 
discox, ercd. 

Sl)ap 

B a r i u m  Pahnit .a te  

B a r i u m  S t e a r a t e  

B a r i u m  Talh)wate  

( ' a l e ium l?almitate  

( ' a l c ium S tea ra t e  

Ca lc ium Oles te  

Ca lc ium Ta l lowate  

Ca lc ium Re s ina t e ( 1  ) 

Cah ' ium R.esin aide ( , )  

IAthium P a l m i t a t e  

L i t h i u m  S tea ra t e  

IAthium Tal lowate  

L i t h i u m  12-hydroxy-  
sta~.arate 

T A B I , E  I 

Source  and  Composi t ion a of Metal  Soaps  

Source  j Fa t t y  Acid Composi t ion  

Lab. J-) l'el L c 

M.ehl.slq) 
Chem. Co. 

Lab. Prep .  b 

I,ab. P r e p .  c 

I ,ah. Prel).  c 

[,~Lb. Prel).  e 

lmb. Prel) .  e 

l,ah. P rep .  c 

I,ab. Prep .  c 

l,ab. P rep .  n 

Lab.  l~rep, b 

Lab. Prop .  b 

. . . . . . . . . . . . . . . .  d 

I , : ah lbaum-Sche r ing  l i p  

Teeh.  S tea r ic  Acid 

5 0 %  Teeh.  H O I :  3(1% t l S t r  
( A r m o u  ' Nee-fat  1-65) ; 21)~,~ 
n P  (Ne(,-fat  1-56) 

E a s t m a n  l i p  (No. 1213)  

E a s t m a n  t lSLr (No.  402)  

Lab .  prep.  f r o m  I I o r me l  Found:~- 
lion 99 l& % pure  methyl  oleate 

5()~/~ Tech.  I I 0 l ;  3 0 ~  H S t r  
( N e e - f a t  1 - 6 5 ) ;  21)e~ H P  
( N e e  fat 1-56) 

Hercu les  Rosin  "Stayl )e] i te"  : di- 
and  t e t r a h v d r o  abiet ic  acids  

H e r c u l e s  Res in  731, l a rge ly  
dehydro  abiet ic  acid  ; ba lance  
di- a n d  t e t r a h y d r o  abiet ic  acid  

E a s t m a n  l I P  (No. 1213)  

Lab.  pur i f ied  I t S t r  f r o m  Nee-fat  
1-65 by recryata l l iza t ion f rom 
ace ton i t r i l e  (10 )  

5o(/~, Tech.  H O I ;  3 0 %  H S t r  
(Nee  fat  1-65) ; 3 0 %  I-IP 
( Ne(,-fat 1-56 ) 

12-hydroxy-s tea r i c  acid  

a The  soaps  were  d r i ed  to cons tan t  w e i g h t  a t  110 ~ be fore  use.  except  
for  ca lc ium o]eate which  was  d r i ed  a t  90 ~ in  vacuo  and  for  ca lc ium 
soap hydra te s  which  were  a i r  d r i ed  at 50~C. 

b P r e p a r e d  as  p rec ip i t a t e s  by neu t r a l i za t ion  of an  ethanol  solut ion of 
the  fa t ty  ac ids  wi th  an  aqueous  solut ion of the  metal l ic  hydrox ide  u n d e r  
ca rbona te - f r ee  condi t ions .  

e P r e p a r e d  by m e t a t h e s i s  in aqueous  alcohol f rom the c o r r e s p o n d i n g  
sod ium soap and  ca lc ium chlor ide  (or  b a r i u m  chlor ide  for  B a P : ) .  

a Recovered  f rom a commerc ia l  g r e a s e  s ta ted  to conta in  this  soap. by 
ex t rac t ion  of t he  oil w i th  n-heptane .  
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T A B L E  I I  

X-ray ]) i f f raet ion Pa t t e rn s  of Metal Soaps 

A. B a r i u m  Soaps 

Pa lmi ta t e  

d / n , A  ( I / 2 6 )  ~ 

43.-T-5 ~ - -~ .oo~  
4.58 (0.l l9) 

a':~,~ (d:~~) 
4.07 (o.19)  
3.92 (0.27)  

3.78 ( .23)  
3.38 ( .19)  

2.93 (0.12)  

2.30 (0 .12)  
2.1-1 ( .08)  

Stearute  

d / n , A  ( I / 1 2 )  a 

49.7 ( .67)  I) 
4.59 (1.0)  
4.47 ( .42) 
4.40 ( .42) 

4.00 ( .25) 
3.81 ( .50) 

3.39 ( .33) 

2.98 ( .17) 

i:ii8 ('.;L4") 
2.15 ( .17) 
2.09 ( .17) 

Tallov.'aie Oleate 

d/nTX (1/~7)" ..... ---]i 
46.0 ~ 1  

4.59 ( .53) ' 
4.41 
4.31 
4.14 
:l.99 
3.84 
3.78 
3.39 
3.28 
2.98 
2.89 
2.30 
...... e 

e 

(.181 
(.18) 
( .18) 
( .24)  
( .24)  
( .18)  
( . i s )  
( .12)  
( .12)  
( .12)  
(.121 

B. 0a l c ium Soap n y d r a t e s  

d / n , k  ( I / 5 5 )  d / n . k  I ( I / , t 5 )  i d / n , k  

45.8 (1.00)  b 49.5 (1J )0)  b 47.0 
4.41 ( .80) 4.41 ( .87) 4.41 
4.13 ( .49) 4.14 ( .53) 4.14 
3.87 ( ,31) I 3.88 ( .31) :l.96 
. . . . . . . . . . . . .  i 3.74 (.(,4) 

3.41 ( .27) :l.,t I ( .22) :i:4"l" 
not  run ...... not  run  ...... 2.94 
] t o t  r u n  I n o t  r u n  I 2 . 8 5  

( I / 3 1 )  

( . 4 8 ) '  
(1 .00)  

( .39)  
( .16) 

i::/~) 
( . lO)  
( .o7)  

d /n ,  A 

~7~-o - - - -  
4.42 
4.23 
4.05 
i).86 
3.43 
2.98 

( 1 / 2 1 )  

( .95) 
(1.oo)  

( .71)  
( .67)  
( .90 ) 
( .81) 
( . lO)  

C. Anhydrous  Calcium Soaps 

d /n ,  1, 

45.5 

4.10 
3.92 
3.67 
3.37 
) r  2..)2 
2.49 
2.37 

( 1/67 ) a 

( .51)  b 

(iiii;) 
(.1"1) 
( .31)  
( .o6)  
( .03)  
( .07)  
( .o3)  

d/n ,g  ( I / 2 5 1  a d / n , k  ( I / 3 8 1 "  

50.4 ( .38)  b 47.5 (..12) b 
4.45 (1.00)  

,t:'l ii ( l ' : i ; i ;)  4.18 ( .58) 
3.96 ( .16) 3.98 ( 
3 7 3  ( 2 4 1  ...... . ) 

.37 

3.55 ( .08) 3.42 I ( .37)  
...... 2.94 I ( .05)  

2.48 l':8;i) ...... 
2.35 ( . o 6 )  ............ 
2 22 (.12) i . . . . . .  I . . . . . .  

2.13 ( .12 )  I 

d/n ,  k 

46.6 
4.51 
4.28' 
4.16 

3.44 
2.98 

( 1/21 )a 

( .43 ) b 
( .43) 

(1.00)  

( .29 ) 
( . lO)  

D. L i t h i u m  Soaps 

d / n , l  (1 /1141"  

36.5 (1 .00)  b 
4.27 ( .11) 
4.14 ( .08) 
4.01 ( .12) 
3.82 (ca.()) 
3.61 ( .12) 

3.22 (':8:2) 

d:~ i:Sii) 

,s (::~) 
2.08 ( .16) 
2.01 (.101 
1.96 ( .06) 

d /n ,  k 

41.8 
4.26 
4.19 
4.04 
:1.86 
3.63 

:1.42 
3.24 

22i~ 

2.27 
2.19 
2.13 
2.10 
2.04 
2.01 

! (12-hydroxy- 

( I / 6 9 )  a d / n , k  I(t/63).! d / ~ ) "  

(1.oo),, I 41.~5 I (.:18),, I .16.52 I (.28)b 
( .25)  i 4.27 I (1.0)  I 4.24 I (1.(/0) 
( o 2 )  ~ r 
( .70)  4.[)4 I ( .14)  ...... g 
(.07) :~.~,~, (.161 :i:iiii (.09)~ 
( .51)  3.76 I ( .37)  3.77 ( .28) 
...... 3.581 ( .35) ...... 
( .03)  :1.38 I ( .06)  :i~57 ( .07) 
( .07)  3.25 I ( .03)  . . . . . . . . . . . .  

2.98 I ( .05)  ...... 
( .10) 2.48 ( .06) 

( .07)  . . . . . . . . . . . .  

i:f,4) ,.;:~ ~ (:i;~) 
( .o4)  ...... 
(.03) ';.::;.~i (.02) 
(.O9) . . . . . . .  
( .04)  ...... 

!:~ :::::: 

2.87 I (.H3) 
2.60 I ( .o5)  
2.49 I ( .11)  
2.37 I ( .03)  
'2.'28 I ( .08)  
2.19 I (.0:t) 
2.12 I ( .03)  

2.10 ( .03) 
(.O5) 2:o  ...... 

a Values shown are rat ios  of the he ight  of the given peak above the 
background  sca t te r ing  to th(~ he ight  of the most  intense peak in the 
given pa t t e rn  {~xpresscd in scale un i t s  where  100 corresponds to ful l  
scale deflection on the recorder. 

b The vahte  of the long spac ing  is calculated as a mean of several  
orders.  ] / I o  is t ha t  of the th i rd  order  peak. 

c An add i t iona l  weak 16rig sl)aeing of 51.00 ~. was present ,  possibly 
due to separate  crysta l l izat ion of different  components  of the soap. 

a The two halos could not be well resolved. I / I o  is g iven  for  the 
unresolved  pair ,  to which each is con t r i bu t i ng  abou t  1 /2 .  

e B a r i u m  ta l lowate  exhibits  unreso lved  l ines in tbo reg ion  of d / n  
2.(H-2.25 A. 

t These two l i t h ium soaps may well have  a diffract ion m a x i m u m  near  
4.15-4.18 A but  i t  is no t  resolvable front the in tense  peak a t  4.27 1.. 

g The l ine  at  3.96 may be more closely related, to those of the oflmr 
soaps a t  4.01-4.04 than  to thos~ a t  3.82-3.95, on the basis  of in tens i ty  
relations.  

h L i t h i u m  pa lmi ta t e  may well have  a di f f ract ion max imum near  3.4 
A, hu t  i t  is too weak to repor t  posi t ively.  

T A B L E  I I I  

X-ray l l i f f rac t ion  P a t t e r n s  a of Ros in  and Calcium Resinates 

Galcinm Res ina te  Calcium Res ina te  
Staybel i te  Rosin  Resin  731 ( f rom Staybel i te)  ( f rom l~esin 731)  

d,/n, ~. (1 /84 )  b 

8.82 ( .47) 
7.35 ( .20) 
6.43 ( .95) 
5.69 ( .56) 
5.32 (1.00)  
4.78 ( .56) 
4.33 ( .35) 
4.11 (.36) 
3.84 ( .24) 

d / n , k  ! ( I / 3 6 )  b 

5.72 (i:5i;)o 

d / n , k  ( I / 1 2 )  b d/n,A. ( I / 1 8 )  b 

20.22 ( .33) 19.21 (.611 
14.47 ( .50) 16.93 (.'2'2) 

6.29 (1.00)  5.96 (1.00)  a 
5 .5 l  ( .75)  . . . . . . . . . . . .  

a Onl l ines of 1 / Io  ~ 0.2 have  been tabulated.  Addi t ional  lines, 
pa r t i cu l a r ly  for Staybel i te  Rosin, can be seen from Fig.  5. 

b Reported as the rat io of the he ight  of the g iwm peak above the 
background  in tens i ly  to tha t  of the most  in tense  peak in the given 
pa t t e rn  expressed in scale un i t s .  

c Very  wide halo. An addi t iona l  composite of unresolved lines is evi- 
dent  in  the region of 20 between 4 and  10 ~ . 

a Very wide halo. 

Discussion 
X - r a y  Dif fract ion Pat terns:  Vold  and  I I a t t i a n g d i  

(13) sugges ted  tha t  the di f f ract ion pa t t e rn s  of meta l  
palmitates and stearates were sufficiently characteris- 
tic to permit  identification of the cation without  nec- 
essarily having information as to the nature of the 
anion. For barium soaps and calcium soap hydrates  
the inclusion of 50% oleate to form a mixed soap 
approxinmting the composit ion of tallow soaps in no 
w a y  vitiates this scheme. E v e n  pure hydrated cal- 
c ium oleate 3 yie lds  a rather similar pattern. 

C a l c i u m  s o a p  hyd ra t e s  u n d e r g o  an  apprec iab le  
change  in c rys ta l  f o r m  upon  dehyd ra t i on  (cf. curves  
I and  I I  of Figs.  2 and  3) only  when  ex t remely  pu re  
(10) .  W h e n  it  occurs,  this change  a p p e a r s  to be i(len- 
tical for palmitates and stearates. 

Lithium palmitate and stearate have almost iden- 
tical diffract ion p a t t e r n s  a t  room t empera tu re .  ] low- 
ever  bo th  l i th ium ta l lowate  and  l i th ium h y d r o x y  ste- 
a ra t e  exhibi t  l a rge r  variatiollS. The  posit ion of the 
most  intense shor t  spac ing  (line B, Fig.  4) is nea r ly  

aRepor t s  differ (4, 10) as to whether  calcium oleate forms a 
monohydra te  or a d ihydra te .  This sample conla ined 2.23% tt._,O, not 
qui te  sufficient for  the monohydrate .  

Cation 

B a r i u m  

TABLE IV 

Trans i t ion  Tempera tures  of Metal S o a p s ~ ( ~  

Anion  

Pa lmi t a t e  
130 a 

Steal'ate 
136 ~ 

Talh)wate 
102 �9 

Oleate 
not s tud ied  

Calcium not  s tud ied  12,11o, :~, c .96r e 60 
(Soap hydra te )  83 

75( ?)~ 49 8612 
123 

(150)  d 
195 

Calc ium 
(Dry  soap) 

106 ~. b 
(147)  d 

L i t h i u m  88 
155 
196 

1011~ 113 
191 185 
223 224 

12-hydroxy- 
s tearate  t 

absent  
179 
218 

" Where  indicated by reference numbers,  data to fill out. tbis table 
have  been taken from pr ior  publ ica t ions  of the authors .  

b The pa lmi t ic  acid f rom which this sample was prepared  is of poor 
quali ty.  Comparable  ove r l app ing  of the t r ans i t ions  a t  86 and 123 ~ has  
been found  for  technical  calcium stearates  (3 ) .  

" Very large heat  effect. Some samples of calcium stearaie  hydra te  
also exhibi t  a t r ans i t ion  of the second k ind  at. 48 ~ , as do samples of 
dry  soap prepared  theref rom (but  a t  65~  

a Very small hea t  effect. 
o I n  all the tallowatos, heat  absorpt ion occurs at this  t rans i t ion over 

a wide  t empera tu re  range,  as is ev ident  fr61n Fig.  6 on which the ten]- 
pera tures ,  where the t r ans i t ion  begins, is marked  as well as the temper- 
a turos  at which heat  absorpt ion has become rapid.  The la t ter  are the 
tempera tures  reported in the  table. 

t The small inflection (no t  designated by an a r row)  on Fig. 6 for  
this  soap occurs a t  129 ~ i t  appears  to be an a r t i fac t  a r i s ing  from a 
depa r tu r e  of the hea t ing  ra te  f rom its control led value. 
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the same for all four, but  that of the next most in- 
tense (line I)) is shifted to an appreciably larger 
value (3.62--->3.77) in going from the normal hydro- 
carbon chain to the geometrically less uniform un- 
saturated or hydroxylated chain. Likewise, several 
p r o m i n e n t  diffraction bands in the region of 2 A 
in the patterns of the stearate and palnfitate are 
missing from the patterns of the tallowate and hy- 
droxystearate. Nevertheless the points of similarity 
between the patterns of the four lithium soaps are 
sufficient to differentiate them as a class distinct from 
the patterns of soaps of other cations. 

The degree of similarity existing between the dif- 
fraction patterns of soaps of the same eation in con- 
trast  with the differences between patterns of soaps 
of different cations suggests that  the relative orien- 
tation of carboxylate groups and metal ions is not 
markedly affected by the tendency of hydroearbon 
chains of varying length or even ehemical character 
(i.e. unsaturated, hydroxylated)  to pack together in 
different ways. 

The " l o n g "  spacing can be interpreted as the effec- 
tive length of a repeating unit consisting of two fa t ty  
acid ions and associated cations times the sine of the 
angle of inclination of the chain axis to the planes 
containing the cations. The difference in chain length 
between palmitate and stearate is 5.08 A (for two 
ions). The differences in long spacing to be expected 
are less than this by a factor depending on the angle 
of tilt. Comparison of these values with the observed 
differences shows that  even for pahnitates and stea- 
rates with o t h e r w i s e  nearly identical patterns the 
angle of tip of the chains cannot be identical. 

The long spacing of the lithium soaps is signitl- 
eantly shorter than for calcium or b a r i u m  soaps.  
Ih)wever it is interesting to ol)serve that this spacing 
for lithium hydroxy stearate is considerably larger 
than for other soaps, possibly due to the influence of 
strong Van der Waal forces between the hydroxyl 
groups forcing a more nearly perpendicular orienta- 
tion of the chains. 

The apparent  absence of a long spacing in e.ither 
of the rosins (mixed acids of geometry similar to 
abietie acid) : 

is llot surprising, in view of the fact that the, tend- 
ency of the carboxyl group to dimerize is opposed 
by the difficulty of securing an efficient packing of 
the balance of the molecule on a " h e a d "  to " h c a d "  
basis. IIowever, large values of d /n  are found for 
the calcium resinates which suggests a head to head 
arrangement. The difficulty of packing the molecules 
together is possibly the source of the lack of defhfi- 
tion in the diffraction patterns of caleimn resinates, 
even the one made from a hydrogenated crystalline 
rosin. The absence of polymorphic transitions in eal- 
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eium resinate may also be due to the fact  tha t  the 
i r regular  abietate ions are interh)eked in the solid 
and cannot readily slip hy each other to assmne new 
configurations. 

Thermal Transitions: I t  does not folh)w that  he- 
eattse the crystal  s t rueturc  of different soaps is closely 
related at room temperature ,  being i)re-determine(l 
more cogently within limits by the cation than by  
the anion, that  the, different soaps will exhibit  silnilar 
sets of polymorphic transit ions as they are heated. 

Although the, (.lose similari ty in behavior  between 
I ) a l m i t a t e s  and stearates has ah'ea(ly been pointed 
out (3), gross divergence in behavior  is found when 
unsatt trated soaps are considered. Cah' ium oleate ab- 
sorbs heat at  49 ~ and only the single transit ion is 
ohserved whereas calcium stearate u n d e r g o e s  a se- 
quence of four  transi t ions in the t empera ture  inter- 
val between 25 and 200~ 

The calcium and bar imn mixed soaps, approximat-  
ing natural  tallowates ill Composition, show the effect 
of their  50% content of oleate in that  there is but  one 
extremely unsharp  transit ion for  each in the range 
between room tempera ture  and 200~ and this is at 
a considerably lower tempera ture  than any of the 
ma jo r  transit ions of the sa turated soaps. The be- 
havior indicates that  m i x e d  c r y s t a l s  are fo rmed;  
otherwise the separate transit ions appropr ia te  to the 
individual eontpon(~nts would be found. 

I t  is interesting to no|e that  the transit ion of lith- 
iron palmitate  at 101 ~ and l i thium stearate at 11~ ~ 
is ahsent for  l i thium 12-hydroxy-s teara te .  1)ossihly 
at this t empera tm'e  the ampli tude of thermal me- 
lions is insufficient to t)ermit rea r rangement  of the 
hydroxyla ted  chains which might be expected to be 
more tirmly bonded to ea(.h other through the polar  
hydroxyl  groups. At  higher temperatures ,  where the, 
soaps pass into a soft wax-l ike state (191 ~ for the 
pahnitate,  185 ~ for  the stearate, and 179 ~ for  the 
12-hydroxy-stearate)  the magni tude of the heat ab- 
sorption for  the la t ter  appears  f rom quali tat ive ob- 
servation of the differential heat ing ('urves to be 
substant ia l ly  grea ter  than for the saturate(l  soaps. 

In  contrast  with the calcium and ba r ium soaps, 
l i thium tallowate has a thermal behavior  nmch like 
that  of the pahni ta te  and stearate, bu t  again with 
markedly  lowered t e m p e r a t u r e s  for  each of the 
transitions. 
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Summary 
X-ray  diffraction pa t te rns  at  room tempera tu re  for  

soaps of bar ium,  calcium, and l i t h i u m  were found 
to be characterist ic for  different soaps of the same 
cation. This is t rue not only for palmitates  and ste- 
arates  but  also (with minor variat ions)  for mixed 
soaps containing up to at least 50% oleate, for I)urc 
ealeimn oleate, and even for  l i thimn 1 2 - h y d r o x y -  
stearate. 

Soaps of the same cation in mixtures  approximat-  
ing the coml)osition of natural  tallow f a t t y  acids ap- 
pear  to fo rm mixed crystals. The succession of phases 
formed on heating shows strongly the influence of the 
oleate in the mixture.  
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FIG. 6. ] ) i f f e r e n t i a l  l I e a t i n g  C u r v e s  o f  M e t a l  S o a p s .  N u m -  
b e r s  on t h e  c u r v e s  a r e  t h e  t e m l ) e r a t u r e s  o f  t h e  s a m p l e  a t  t h e  
t i m e s  i n d i c a t e d  b y  t h e  a r r o w s .  T h e s e  a r e  t h e  t r a n s i t i o n  ten*- 
p e r a t u r e s  r e p o r t e d  in T 'Lblc  I V ,  e x e e p t  f o r  t h o s e  in  p a r e n t h e s e s  
w h i c h  s h o w  t e m I ) e r ' t t u r e s  w h e r e  s l ow  he : i t  a b s o r p t i o n  a c t u a l l y  
b e g i n s  i n  c o n t r a s t  w i t h  t h e  e x t r a p o l a t e d  t r a n s i t i o n  t e m p e r a -  
t u r e s .  V a r y i n g  r a t e s  o f  h e a t i n g  m a k e  i t  i m p o s s i b l e  to  a l i g n  
t h e  s e v e r a l  c u r v e s  e x a c t l y .  T h i s  is  p a r t i c u l a r l y  t r u e  f o r  c u r v e  
V I I ,  r u n  a t  o n l y  0.5 d e g . / m i n .  I ,  B ~ r i u m  " t a l l o w a t e " ;  I I ,  
c a l c i u m  + ' t a l l o w a t c "  h y d r a t e  ; I I I ,  h y d r a t ( ~ ]  c a l c i u m  o l e a t e  ; 
I V ,  a n h y d r o u s  c a l c i u m  " t a l l o w a t e " ;  V, a n h y d r o u s  c a l c i u m  
o l e a t e ;  u  l i t h i u m  " t ' d l o w a t e " ;  VI I, l i t h i u m  s t e a r a t e ;  V I I I ,  
l i t h i u m  1 2 - h y d r o x y - s t e ' ~ r a t e .  

(Jalcium resinates appea r  to crystallize imperfect ly  
but  definitely with a " h e a d  to h e a d "  a r rangement  of 
the abietate  radicals in contrast  to the acids which 
give evidence of a head to tail a r r a n g e m e n t  
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