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expected for "random" distribution. After  20% 
cottonseed oil ingestion the saturated trigIycerides 
were 235% of that expected of " r a n d o m "  distribu- 
tion. 

Whereas in the case of the rats it was necessary to 
explain a tendency to even distribution of ingested 
fat, in the case of the chick one must explain a ten- 
dency to a directed esterification to form simple tri- 
glycerides. Possibly the elevated temperature  of the 
bird can explain the difference. I t  has been demon- 
strated that  f a t ty  acid activating enzymes have a 
higher affinity for  saturated acids (18, 20). The in- 
creased rate of reaction at the higher temperature  of 
the bird may increase the speed of esterification on 
the 2 and 3 positions o f  the glycerol sufficiently to 
account for the small increase in amounts of trisatu- 
ra ted glyceride above that  expected by random dis- 
tribution. 

Summary and Conclusions 
In  order to determine the glyceride s tructure of a 

representative mammal and bird, rats and chicks were 
raised on an essentially fat-free ration, and the per- 
centage of saturated triglycerides in their  neutral  fat  
was determined by an isotope dilution procedure. 

In  order to determine the influence of ingested fat,  
second groups were fed the fat  extracted from the 
animals in the first group, at the 20% level. Third 
groups were fed cottonseed oil, which has " e v e n "  
distribution of its fa t ty  acid. I t  was found tha t :  

1. T h e  g l y c e r i d e  s t r u c t u r e  o f  e n d o g e n o u s  r a t  f a t  c o n f o r m s  to  
t h e  ' ' r a n d o m  ' ' t y p e  d i s t r i b u t i o n .  

2. I n g e s t e d  f a t  a p p e a r s  t o  b e  d i g e s t e d  a n d  r e s y n t h e s i z e d  b y  
t h e  r a t  a c c o r d i n g  to  " e v e n "  t y p e  d i s t r i b u t i o n ,  or ,  a t  l e a s t ,  i n  
a m a n n e r  w h i c h  t e n d s  t o  d i s t r i b u t e  t h e  f a t t y  a~ ids .  

3. C h i c k s  t e n d  t o  p r o d u c e  s i m p l e  o r  " m o n o - a c i d "  g l y c e r i d e s  
( 8 )  i n  w h i c h  t h e  p e r c e n t a g e  o f  t r i s a t u r a t e d  g l y e e r i d e s  is  h i g h e r  
t h a n  e x p e c t e d  f o r  r a n d o m  d i s t r i b u t i o n .  

4. I t  i s  s u g g e s t e d  t h a t  t h e  f i n d i n g s  c a n  b e  e x p l a i n e d  b y  a 
s e l e c t i v e  a f f i n i t y  o f  t h e  e s t e r i f y i n g  e n z y m e  s y s t e m  f o r  s a t u r a t e d  
a c i d s  a n d  f o r  t h e  1 - p o s i t i o n  o n  t h e  g l y c e r i d e  mo lecu l e ,  I n  t h e  
ca se  o f  t h e  b i r d  i t s  h i g h e r  b o d y  t e m p e r a t u r e  m a y  i n c r e a s e  t h e  
s p e e d  o f  t h e  r e a c t i o n  o n  t h e  2- a n d  3 - p o s i t i 0 n s  o f  t h e  g l y c e r o l  
s u f f i c i e n t l y  t o  a c c o U n t  f o r  a n  i n c r e a s e  i n  t r i - s a t u r a t e d  g l y c e r i d e s  
a b o v e  t h a t  r e q u i r e d  b y  r a n d o m  d i s t r i b u t i o n .  
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The Microscopy of the Liquid Crystalline Neat and Middle 
Phases of Soaps and Synthetic Detergents I 
F. B. ROSEVEAR, Miami Valley Laboratories, The 

T 
H E  " n e a t "  and " m i d d l e "  phases are of impor- 
tance in both the science and the technology of 
soap systems (3, 5, 36, 46, 48, 54) and have been 

observed also in synthetic detergents such as the alkyl 
sulfates (10) and sulfonates (53). Both phases are 
representative of the " l i qu id  crys ta l l ine"  state of 
matter,  also variously known by such terms as "meso- 
morphic , "  "anisot ropic  l iquid ,"  and "paraclTstal- 
l ine ."  Specifically, both phases are considered (7, 23, 
40, 54) to be of the " smec t i c "  s t ructure  in which the 
molecules, while parallel to each other and disposed 
in well-defined, parallel sheets of constant thickness, 
have a l a t e r a l  a r r a n g e m e n t  which is unsystematic 
a n d  l iqu id- l ike2  The neat and middle phases are 
both solutions, i.e., of variable water  content and may 
or may not  contain electrolyte and other dissolved 
components. Ordinari ly the neat phase, while by  no 
means a mobile liquid, is soft enough to be pumped 
whereas middle phase, in spite of containing roughly 

eIJere and  elsewhere in the paper,  the te rm "molecule" is used even 
though  the submicroscopic s t ruc tura l  un i t s  may  be l a r g e r  than  mole- 
cules. Actually they are at  least  double molecules, each pa i r  being 
linked together  a t  the ionic ends. 

~Presented before the Colloid Division, American  Chemical Society, 
Chicago, Ill., Sept. 7, 1953;  port ions presented before the Crystal- 
lographic Soc. of America,  Annapolis,  Md., March  21, 1947. F o r  ab- 
s t ract  see Ref. 52. 

Procter and Gamble Company, Cincinnati, Ohio 

twice as much water  as neat, is of strikingly stiff 
consistency2 

In the present paper  are described a) the various 
aspects or " t e x t u r e s "  which the neat and middle 
phases have been found to exhibit in the polarizing 
microscope and b)  a selection of textures by  which 
each phase can be identified. 4 While this s tudy is 
pr imar i ly  descriptive in its present state of develop- 
ment, the presence of systematic differences sufficient 
for  identification of the two phases suggests a funda- 
mental  s tructural  distinction between them. 

This work was undertaken pr imari ly  because of the 
need for  a simple, direct means of ident ifying these 
two phases in fundamental  phase explorations or in 
the s tudy of commercial products  and processes. The 
need is par t icular ly  acute where the two phases are 
mixed with each other or with one or more of the 
other soap phases. While in a few cases considerable 
experience and judgment  are required for successful 
recognition, the mic roscop ic  approach is ordinari ly 

aln this paper  we a re  concerned with the or iginal  neat  phase  of soap 
boiling operations, not  the high-temperature,  low-moisture phase  once 
believed (36, 44, 61, 62)  to be continuous with kettle neat  hut  since 
shown t o  be a separate  phase  (46, 47, 54, 60 ) .  F o r  brevity a n d  be- 
cause of long-established usage, we will use  the simple te rm " n e a t "  
for the p h a s e  of commercial  interest, in preference to ¥o ld ' s  "soap 
boiler's nea t"  (54, 58) .  

4Following G. Friedel ( 1 8 ) ,  the term "texture" is used for micro- 
scopic appearance. "Structure" is reserved, for molecular arrangement.  
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simple and in any case offers a combination of di- 
rectness and general applicabili ty not found in other 
techniques. 

A m o n g  other  possible  me thods  for  recogniz ing  nea t  and  
middle phases ,  the  s imple macroscopic  observat ion  of relat ive 
f luidi ty  (11, 24, 44) fa i l s  where  mos t  m i x t u r e s  a re  concerned. 
X- ray  e x a m i n a t i o n  (6, 50, 64) is somewhat  t i m e - c o n suming ;  
f u r t h e r m o r e  x - ray  p a t t e r n s  of  l iquid c rys ta l l ine  phases  lack 
the  mul t ip l i c i ty  of  sha rp  d i f f rac t ions  so use fu l  in d i s t inguish-  
ing  crys ta l l ine  mate r ia l s .  Vapor  p ressure  (45, 59) and  dila- 
tomete r  (46, 62) s tudies ,  as well as o ther  such indi rec t  tech- 
niques,  requi re  a b a c k g r o u n d  of d a t a  for  the  pa r t i cu l a r  sys tem 
under  s tudy,  a r equ i rement  no t  usua l ly  me t  in m a n y  commer-  
cial m a t e r i a l s  which come to ha~d,  or in phase  explora t ions  o f  
u n f a m i l i a r  sys tems .  

The microscopic  ~nethod, on the  other  hand,  is r ap id  and  
appl icable  to bo th  p h a s e  m i x t u r e s  and  isola ted samples .  

Much of the present subject-matter applies also to 
such materials as. wetting agents and dyes, and to 
phosphatides and certain other biological substances. 

Ear l ier  Work 

Neat soap has long been known to the industry 5 
as  the soap-rich, relatively fluid, end-product of the 
soap boiling operation whereas middle soap has been 
known as a distinct phase for  almost 30 years (43). 
Neve r the l e s s  published details on the microscopic 
characteristics of these phases are still relatively mea- 
gre, and no generalized m e t h o d  for  distinguishing 
them microscopically has been proposed. This situ- 
ation may have arisen from a feeling that  there is 
little point  in a t tempting a microscopic distinction 
between two liquid crystalline phases both of which 
are ' ' smectic. "6 

Fo r  middle soaps of specified composition, photo- 
micrographs corresponding to some five composition- 
temperature  situations have been foundJ  Of these, 
one (38) shows middle soap droplets in an isotropic 
matr ix  while the remainder,  except those in Ref. 55a, 
exhibit the spectacular fanlike aspect generally re- 
fe r red  to as " foca l  conic."  I t  is this texture  on which 
the smectic nature  of middle soap has been predi- 
cated by  previous workers ; however, as will be shown, 
there are other important  textures, for  middle phase. 

Published eyidence on the microscopic appearance 
of neat  soap of undoubted phase nature  and specified 
composition (32, 41, 5 6 ) i s  even scarcer and less sat- 
isfying than for middle soap. Even taken as a whole, 
this evidence does not furnish a clear or complete con- 
cept of the microscopic characteristics of the neat 
phase. 

Other  soap pho tomic rographs ,  which on the  bas is  of  the  fore- 
go ing  publ i shed  evidence are  p re sumed  to correspond to nea t  
and  middle  Soaps, are  f o u n d  elsewhere in the  l i te ra ture ,  e.g., 
Refs .  26 a n d  33 fo r  middle  and  27 and  39 for  neat .  However  
since t h e  compositions, pa r t i cu l a r ly  wa te r  content ,  a re  ~ot  suf -  
ficiently defined, these  p h o t o g r a p h s  cannot  by themselves  be 
used to es tab l i sh  the  microscopic  appea rance  of the  two phases .  

Also no t  included in the  above s u m m a r y  of publ i shed  ohoto- 
m i c r o g r a p h s  of n e a t  soap a re  several  s involving the  low-moisture,  
h i g h - t e m p e r a t u r e  ~' n e a t " p h a s e  a l ready  re fe r red  to in the  hltro- 
duct ion,  and  o thers  9 involv ing  soaps of severa l  pe rcen tage  mois- 
tu re  in loca t ions  where  con t inu i ty  wi th  soap bo i l e r ' s  nea t  is 
still  an  open quest ion.  The ' ~ s u p e r n e a t "  p h a s e  (54) ,  whose 
exis tence is st i l l  ques t ionable  (9) ,  fu l ls  in the  l a t t e r  category.  

5See, for example, Refs.5 and 31. 
6It is true that Vold (9, 54) has cited examples suggesting that t.here 

may be systematic microscopic differences between the various liquid 
crystalline soap phases; however he did not claim to have done the 
detailed work necessary t.o establish such distinctions. 

.TPa~s~u~r~ l~ura~e: Compositions ranging 37.5-42% in water, at and 
above room temperature (34, 35, 37, 38, 49). (For evidence on the 
phase nature of these compositions, see Ref. 42.) 

~adium oleate: 36% in waSer, 80 ° and 115°C. (55). 
SFor example, Refs. 61 and 63. 
Older emample, tCef. 57. 

Experimental Results and Discussion 

I. Description and ,Classification of Textures. The 
present section consists of a description and a classi- 
fication of the microscopic textures observed in the 
neat and middle phases along with the necessary amp- 
l ifying discussion. Appropria te  reference is made to 
illustrative photomicrographs;  in these, unless other- 
wise noted, the effects are those observed between 
" c ro s se d "  nicol prisms (x-nieols). (The main discus- 
sion of phase identification will be found in Section 
II . )  

Table I is a compilation of all microscopic textures 
so far  observed in the n e a t a n d  middle phases. Aster- 
isks indicate the more common textures. The decimal 
notation, in addition to indicating the relationships, 
provides, a convenient designation for those textures 
for  which there is no concise word-description. The 
table not only serves as a key to the descriptive mat- 
te r  in the text  bu t  also shows at a glance which tex- 
tures" are exhibited by  only one of the two phases, 
an important  point for  purposes of identification. 
Significant absences are a) non-geometric textures in 
the neat phase, b) " n e g a t i v e "  units and, for  prac- 
tical purposes, c) axial textures in the middle phase. 

As fa r  as possible the classification is based on 
fundamental  textural  distinctions.. However certain 
closely related textures are given separate status be- 
cause of a) the emphasis on phase identification and 
b) the existence of considerable differences in appear- 
ance between certain related textures, e.g., the fanlike 
(222:5) and angular  (222.6) textures in the middle 
phase. 

There  a re  several  reasons  fo r  t he  deta i l  of  the  p resen t  clas- 
sification. The  first is to p rov ide  fo r  those  occasional  phase  
ident i f ica t ions  which require  ca re fu l  a t t en t ion  to t ex t u r a l  de ~ 
ta i l s  and  an  adequa te  u n d e r s t a n d i n g  of  the  re la t ionsh ips  be- 
tween tex tures .  Ano the r  is  to  provide  a bas is  f o r  d i s t i n g u i sh i n g  
in the  f u t u r e  be tween the  nea t  and  middle  phases  on the  one 
hand ,  and  cer ta in  other  mesomorph ic  soap phases  known b u t  
as ye t  i nadequa te ly  s tud ied ;  conversely,  i t  is hoped t h a t  ac- 
qua in t ance  wi th  the  p resen t  va r i e ty  of  t ex tu r e s  will min imize  
a n y  t endency  t o  a t t r i bu t e  each va r i a t ion  in microscopic appear-  
ance  to a "new phase . "  ~ i n a l l y  i t  is expected t h a t  the  de ta i led  
classif icat ion will con t r ibu te  to f u t u r e  i n t e rp re t a t i ons  of t h e  
s t ruc tu res  of  these  phases .  

To af ford  a l ink wi th  the  prev ious  l i te ra ture ,  some of  the  
a c c o m p a n y i n g  p h o t o m i c r o g r a p h s  a re  of  compos i t ions  a l ready  
known to exis t  as  nea t  or middle  soap.  The  nea t  soaps  a re  those  
of po t a s s ium oleate  [F igu re s  1, 5, 11-12; el. McBai n  an d  
E l fo rd  (40 ) ] ,  po t a s s ium laura te  [ F i g u r e  15, el. McBal n  and  
Fie ld  (42 ) ] ,  sod ium oleate [ F i g u r e s  13-14, cf. ¥ o l d  (5 4 ) ] ,  
and  a typ ica l  commercia l  soap ( F i g u r e  16) .  The  middle  soaps  
are  those of po t a s s ium l au ra t e  [F igu re s  17, 18, cf.  Mc Bai n  an d  
Fie ld  (42 ) ] ,  po t a s s ium oleate [ F i g u r e  20, cf. ]V[cBain an d  El- 
f o rd  (40 ) ] ,  and  sod ium pa lmi t a t e  [ F i g u r e  23, cf. Mc Ba i n  and  
L a n g d o n  (43 ) ] .  For  the  r e m a i n i n g  t ex tu re s  the  bes t  ava i lab le  
i l lus t ra t ive  pho tomic rog raphs  h a p p e n  to be o f  composi t ions  
whose phase  n a t u r e  has  not  p rev ious ly  been reported.  

T H E  NEAT P H A S E  (100) 

110. Uniaxial Textures. The designation "un i -  
ax ia l "  covers all textures, smectic and otherwise, in 
which the detergent molecules 2 are parallel to a com- 
mon axis; the axis of the s t ructure  is also an optic 
axis, i. e : , an  opt ica l ly  isotropic direction. When it is 
a smect~c phase which exhibits a uniaxial texture,  the 
parallelism of the molecules is associated with pla- 
nar i ty  of the smectic sheets, hence the present use of 
the term planar. Planar  arrangement  is encountered 
at  one time or another in most smectic substances. 1° 

1°See, for example, Ref. 16. 
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TAB LE I 

Classif ication of Microscopic Textures  Observed  in tb~ Neat and Middle  Phs~ses 

VoL. 31 

100. NE~T PHASE 

110. Uniaxial (specif. P~anar) 
111. En t i r e ly  " i so t ropic"  field 

] 11.1. I n  homogeneous neat  
111.2. I n  nea t  plus  an isotropic phase  ( F i g u r e  9) 

112. P l a n a r  m a t r i x  for "oi ly s t reaks ,"  etc. (F igu re s  1, 4, 1:[, 13)  a 
113. Pla.nar po,rtions of droplets 

113.1. Centers of f lat tened droplets  (F igu re  6) a 
I13.20 P la teaus  in  terraced drops 

120. Focal Conic 
121. U n i t  textures  

]21.1 .  Pos i t ive  un i t s  ( F i g u r e  1) a 
]21.2 .  Negat ive  un i t s  ( F i g u r e  2) a 
121.3. Fa n l i ke  un i t s  ( F i g u r e  3) a 

122. Composite textures  
122.1. Mosaic [ne twork  of (-{-) and (--)  un i t s ]  (F igu res  4, 

5, 12)  a 
122.2. "Oily  utreuks" ( F i g u r e  11) a 
122.3. B i r e f r i n g e n t  borders  (F igu res  6, 7) a 
122.4. Terraces 
122.5. Fan l ike  texture  ( F i g u r e  8) 
122.6. - -  - -  
122.7 .  - -  - -  
122.8. Ba tonne t s  

] 30. Non-g~ometric 
(None)  

a --- common textures.  

200. MIDDLe. PHASE, 

210. Axial 
(Rare )  

220. Focal Conic 
221. U n i t  tex tures  

221.1. - -  --- 
221.2. - -  - -  
221.3. F a n l i k e  unit,s (F igu re  17) a 

222. Composite tex tures  
222.1. - -  --- 
222,2. "Oi ly  s t reaks"  (F igu re  22)  
222.3. --- - -  
222.4. - -  --- 
222.5. Fan l i ke  texture  (F igu re  18) a 
222.6. A n g u l a r  texture (F igu re  19) a 
222.7. F'ields of almost  u n i f o r m  ext inct ion (F igu re  20)  a 
222,8. Ba tonne t s  (F igu re  21) 

230. Non.geometric 
231. Simple (non-s t r ia ted)  ( F i g u r e  23)  a 
232. S t r ia ted  

232.1. Slip-l ines 
232.2. I n c i p i e n t  geometric t ex tu re  (F igu re  24!  a 

In  the neat phase the plane layers have always 
been found parallel  to the surface of the slide even 
though in certain other substances the l ayers  may not 
be parallel  to the surface (17). Since their  optic axis 
is parallel  to the axis of the microscope, any  planar  
areas in the neat  phase appear to be isotropic when 
examined between x-nicols in axial (non-convergent)  
l ight;  with oblique or convergent light however the 
birefr ingence associated with directions other than  the 
optic axis is revealed (see F igure  9). In  addition, a 
uniaxial  interference figure (Figure  10a) is obtain- 
able f rom a p lanar  area, thus fu r the r  demonstrat ing 
its anisotropic nature,  1~ and  jus t i fying the designa- 
tion of this texture  as uniaxial.  

Par t i cu la r ly  in the more fluid neat  soaps, p lanar  
areas often form spontaneously f rom the non-planar  
textures as a result of the strong tendency of the 
neat phase to assume its max imum degree of order- 
liness. P lanar  areas can also be produced artificially 
by  gentle manipulat ion of the cover glass, bu t  with 
more vigorous motions the complex " m o s a i c "  texture 
results (see 122.1 and Figures  11-12). 

Several p lanar  textures are i l lustrated in Figures  
1, 4, 6, 9, and 11. The classical " t e r r a c e d  d r o p s "  
( "  gouttes "~ g r a d i n s " )  (113.2) are discussed and illus- 
t ra ted  by  Fr iedel  (12), hence not i l lustrated here. 

120. Focal Co.nical Textures.  The focal conic ar- 
rangement  is the consequence of forces which pre- 
vent a t ta inment  of the uniaxial  p lanar  arrangement .  
Fo r  example, focal conic textures  are encouraged by  
rapid  precipitation,  mechanical  or thermal  disturb- 
ance, or curvature  of the surface of the drop. The 
smectic sheets are curved and fit " D u p i n  cyclides,"  
a family  of equidistant surfaces based on an ellipse 
and one branch  of a hyperbola  located in mutua l ly  
perpendicular  planes and each passing through the 
focus of the :other. For  curved smectic sheets this is 
a configuration of min imum strain (2).  Such focal 
conic s t ructure  as it bears on microscopic textures  has 

~lIn the so~p indus t ry ,  isotropic l iqu id  phases  are of two k i n d s :  
a) "N ig re , "  an o14 soap-boil ing term, refers  to solut ions re la t ive ly  r ich 
in  soap---a couple per  cent or m e r e - - a n d  wi th  or w i thou t  electrolyte, 
glycerine,  a nd  other  consti tuents,  b) " L y e "  or " sea t "  re~ers to, a rela- 
t ively  soap-free phase  o~ several  per  cent  electrolyte content .  

been amply  described by  several wri ters  (2, 3, 13, 19, 
25, 28). 

Actually,  except fo r  Texture 121.1, neither the neat 
nor  the middle phase exhibits focal conic textures in 
which the ellipses or hyperbolas  are obvious. How- 
ever oily streaks (122.2, 222.2), b i ref r ingent  terraces 
(122.4), batonnets  (122.8, 222.8) and the fanlike tex- 
ture (122.5, 222.5) are types specifically recognized 
by  Friedel  as usual ly exhibiting foeal conic texture  
too fine to be obvious; fu r thermore  the character  of 
the remaining textures here classified as focal conic is 
consistent with focal conic geometry.  

I t  will be seen f rom the present  var ie ty  of micro- 
scopic appearances  all based on focal conic geometry 
tha t  the simple t e rm " foca l  conic ,"  as used at  times 
in the soap l i terature,  is really an insufficient descrip- 
tion of microscopic appearance. 

In  our microscopic s tudy of the neat  and middle 
phases it has proven helpful to subdivide the focal 
conic textures into two pr incipal  types :  a) the " u n i t "  
textures  (1.21 and 221) and b) the composite textures 
(122 and 222) formed by  combining the basic units 
in various ways. The uniaxial p lanar  textures may  be 
combined with either of these two broad types. 

121. The unit  textures may be encountered either 
individual ly or as the units which make up  composite 
textures. I t  should be stated however that  the units 
are not necessarily s t ructural ly  identical with Frie-  
del 's  " foca l  d o m a i n "  (13) ; " u n i t "  is used in a rela- 
tive sense to describe microscopic appearance and to 
provide a device for  unders tanding the more com- 
plicated textures. As a mat te r  of fact, there are :occa- 
sions, to be pointed out, when certain of the uni t  
textures exhibit  a microscopic fine structure.  

121.1. The positive unit  of the neat  phase (F igure  
1) takes its name from the fac t  that  its extinction 
cross exhibits a positive "op t i c  sign."12 I t  is fu r the r  
characterized by  extinction arms which are narrowest  
a t  the center of the cross and which remain paral lel  
to the eyepiece crosshairs as the microscope stage is 

l~The "opt ic  s ign"  is determined by cons ider ing  the  ext inct ion cross 
as if i t  were a u n i a x i a l  " in terference f igure"  and proceeding as  in  
optical  crysta l lography.  "Pos i t i ve"  corresponds  to a rad/at,  and  "nega-  
t ive"  t e a ta,nge~tial, v ib ra t i on  direct ion for  the component  of h ighe r  
re f rac t ive  index.  
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rotated. In  addition, one of the extinction arms be- 
comes curved if the sample is t i l ted around that  arm 
as an axis. Since such tilt ing from the horizontal is 
not one of the common operations of microscopy, it 
is for tunate  that  this third criterion, once established, 
is not needed in phase identification. 

There is however a s tructural  reason for imposing 
it, for  thereby the designation "posi t ive u n i t "  is re- 
served for  a textural  type which is actuallay an indi- 
vidual focal domain (13). The positive uni t  is the 
only one of the neat or middle textures in which one 
of the fundamental  focal conics is obvious: positive 
units, whenever separate, appear  as circles and, when 
in composite textures, occas ional ly  have a distinct 
elliptical outline. Each positive uni t  constitutes a fo- 
cal domain viewed normal to its elliptical base. In  the 
neat phase all separate, and the great  major i ty  of 
combined, positive units represent  the special case in 
which the ellipse is a circle and the hyperbola  is a 
straight line normal to this circular base. Fo r  all 
such units the extinction arms are straight and the 
extinction cross, therefore is plus-shaped. 

In  the comparatively rare case in which the base 
is actually an ellipse, one of the extinction arms is 
curved, the other straight, in analogy to the ti l t ing 
behavior noted above. This behavior, inc iden ta l ly ,  
proves that  the positive unit, while circular as com- 
monly viewed, is not c e n t r o s y m m e t r i c a l  in three 
dimensions. 

A fu r the r  feature of separate posit ive units is that  
their circular bases are always on the top or bottom 
surface of the p r e p a r a t i o n  (Figure  1). From the 
es tab l i shed  relationship of the actual molecules to 
focal conic geometry (3),  it follows that  in the base 
of each positive unit  the molecules are arranged radi- 
ally. Therefore,  when the ext raordinary  ray of the 
aggregate is operating, there should be an abrupt  
optical discontinuity at the interface between the unit  
and the planar  matr ix;  this is actually the case. 

The t rue positive unit,  as above defined, is found 
only in the homogeneous neat phase, specifically as an 
individual unit  embedded in a planar  matr ix  (Fig- 
ures 1, 4) or as a component o f  one of the composite 
textures. [In 2-phase systems, neat droplets of posi- 
tive sign (Figure 3) are common, bu t  actually these 
are fanlike units (121.3).] 

121.2. The negative unit, by analogy with the posi- 
tive unit, exhibits a negative optic sign. la In fu r ther  
contrast  to the positive unit,  the negative extinction 
cross possesses, arms which are broadest at their inter- 
section (Figure  2a). In  addition, on rotation of the 
microscope stage, the negative cross does not remain 
plus-shaped. Instead i t  distorts, into a sort of "p in -  
wheel ,"  fu l ly  developed (Figures 2b, 7b) af ter  22.5 ° 
rotation from the plus-position; af ter  45 ° rotation the 
uni t  appears a s a  quatrefoil  or, for  elongated negative 
units, a figure 8 (Figure  7c). The contrasting be- 
havior of positive and negative crosses is shown in 
Very simple form in one of the droplets of F igure  3. 

Actual ly the extinction cross of a negative unit  is 
an ar t i fact  since examination at higher powers shows 
the two arms to lie at different levels. However since 
the negative units are so common and characteristic 
and since their complex character gives no difficulty 
at ordinary  magnificati0ns, it is  helpful  to t reat  them 
as an ent i ty in the s tudy of the nea t  phase textures.  
Structural ly,  the negative unit  r e su l t s  f rom the fact  
that  the vertices of adjacent  positive un i t s  are alter- 

nately on top and bottom surfaces of the preparation.  
121.3. The fanlike unit, along with oily streaks 

(122.2, 222.2), batonnets (122.8, 222.8), and the com- 
posite fanlike texture  (122.5, 222.5), is specifically 
described by  Friedel  as being focal conic (14). While 
it superficially resembles the positive unit  in exhibit- 
ing a positive sign and an extinction cross with nar- 
row center and straight arms (Figure  3), it is not a 
single focal domain. At  times the complex character  
of the fanlike unit  is evident as a distinct r ibbed 
appearance (Figure  8) and a scalloped border  (Fig- 
ures 3, 8). In certain cases (Figure  8) this border  is 
seen to consist of chains of negative units. At other 
times there is no i mme d i a t e  ev idence  of the com- 
plexity. However when necessary, a suspected fan- 
like uni t  has been identified by  tilt ing f rom the hori- 
zontal;  unlike the positive unit, its extinction arms 
remain straight. 

A common fanlike unit  is the rounded droplet (Fig- 
ure 17), which often results on slow precipitation 
from isotropic liquid. The droplet  may be anything 
f rom a ful l  360 ° fan exhibiting a complete extinction 
cross to, at the other extreme, a sector far  f rom the 
( imaginary)  center of its. fan ;  in the lat ter  type of 
droplet all molecules are essentially parallel and the 
drop exhibits almost uni form extinction. 

Neat phase at times exhibits these rounded drop- 
lets which are actually more common in middle phase. 
While neat phase in this guise can usually be identi- 
fied satisfactorily with the help of other textures in the 
same preparat ion,  and while ordinari ly  such droplets 
in neat are considerably smaller than in middle, the 
existence of such a texture in neat must  be recog- 
nized in order to avoid careless identification as mid- 
dle phase. 

122. While the simple textures are fa i r ly  common, 
it  is the composite textures, especially the "mosaic" 
texture  (122.1) and the "o i l y  s t reaks"  (122.2), which 
are present or producible in almost any neat phase 
preparation.  These composite textures are somewhat 
analogous to a polycrystalline region in a ful ly  crys- 
talline material. However, whereas the lat ter  involves 
actual d i s con t inu i t i e s  between " g r a i n s "  at their  
boundaries, the neat phase exhibits a con t inuous  
gradation from one uni t  to the next, an occurrence 
permit ted by  distortion of the smectie layers. The 
geometry of a typical  gradation is well i l lustrated in 
Figure  4. This textural  gradation is a fundamental  
basis for  d i s t i n g u i s h i n g  neat f rom middle phase, 
which does exhibit d i s c o n t i n u i t i e s  at its " g r a i n "  
boundaries. 

122.1. The mosaic texture,  a network of ( + )  and 
( - - )  units, is the first composite texture  considered 
because, modified to a greater  or less degree, such a 
network is evident in all the succeeding neat textures. 
In the unusual ly coarse mosaic of Figure  4 the shar- 
ing of extinction arms between adjoining positive and 
negative crosses can be s e e n ;  it will also be noted 
that  the negative crosses, being broader  at t he  center, 
are more prominent.  

Ordinari ly  such networks are much finer than in 
Figure  4, giving rise to the characteristic appearance 
(Figures 5, 12) which originally suggested the term 
"mosa i c . "  I t  is not only a common but  also an im- 
por tant  ident i fying texture for  the neat phase. I t  is 
rarely so fine-grained that  some of the negative units 
cannot be observed to pass through the pinwheel as-  
pect as  the stage is rotated. 
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Study of an unusually well developed example of 
mosaic texture  at about  500X has shown that  the 
appearance results from the presence of the "po ly-  
gonal s t r uc tu r e "  described in some detail by  Bragg 
(4). The positive units of the mosaic are Bragg 's  
pyramids with polygonal bases. The mosaic network 
arises f rom a l t e r n a t i o n  of base-up and base-down 
pyramids,  with the complex zone between pyramids 
giving rise to the extinction pa t te rn  designated here 
a s  "nega t ive  u n i t . "  At  500 X it is possible to focus 
separately on top-level and bottom-level polygons, bu t  
with intermediate focus the preparat ion shows the 
typical nlosaic texture  exhibited at  lower power or 
in the more common mosaics which are too fine to 
show the polygonal structure. 

The t ransformation of planar  areas into fine mo- 
saic texture when sufficiently disturbed mechanically 
(Figures 11-12) or thermally (Figures 13-14) is a 
highly characteristic proper ty  of the neat phase. Both 
these effects, are often spontaneously, though some- 
times slowly, reversible on removing the mechanical 
disturbance or on cooling, especially once the bire- 
f r ingent  network is broken at some point. Conversion 
into the mosaic texture,  either mechanically or ther- 
mally, is all important  means of distinguishing a 
planar  neat area from t ru ly  isotropic liquid. 

The mosaic texture is actually the maximum degree 
of microscopic disorder possible in the neat phase, 
i.e., the opposite extreme f rom the planar arrange- 
ment. After  a severe disturbance, sufficient to destroy 
any geometric pat tern in a more rigid material such 
as a microcrystalline aggregate or the middle phase, 
the fluidity of the neat phase (and. probably also its 
structure,  see Section I I I )  permits it  to adjust  inlme- 
diately into the fine focal conic texture here termed 
"mosaic." On the other hand, unlike the middle 
phase, mosaic neat phase does not usually show any 
tendency toward spontaneous coarsening of its. tex- 
ture  (see Figure  5) even in the presence of mother 
liquor (eft footnote 13). 

Inspection of Photograph I of McBain and Elford 
(40) (potassium oleate neat soap) reveals crosses of 
the negative type, establishing the mosaic nature  of 
the texture. A corresponding area in cholesterol bu- 
tyra te  is found in Plate 28 of Fr iedel ' s  treatise (13) 
and is there designated "fine,  fanlike, birefr ingent  
areas (con ic ) . "  

122.2. "Oily streaks" (Lehmann 's  "51ige s t re i fen ,"  
Fr iedel ' s  "stries huileuses") ,  in addition to being one 
of the earliest observed textures in liquid crystals 
generally (29) and in liquid crystals of soaps (30), 
are ordinar i ly  encountered in a freshly pressed-out 
sample of homogeneous neat phase (Fig. 11). They 
evidently arise from stirring the mass or from other 
similar causes of linear orientation. For  example, an 
oily streak is observed to form in the wake of an 
air-bubble passing across a planar  area. The reverse 
process, beeause of the tendeney of molecules to as- 
stone the planar  arrangement,  occurs quite promptly  
if the oily streak breaks at  any point. Generally how- 
ever, the oily streaks are more stable than any mosaic 
texture  which may be formed by  deformation of the 
preparation.  

Oily streaks ordinari ly exhibit  a fine cross-banding 
though occasionally a eoarser, focal conie texture  like 
that  i l lustrated in Figure  7 is encountered. In  spite 
of such detail however the over-all extinction is paral- 

lel and the " e longa t ion"  negative, i.e., the higher- 
index component vibrates crosswise. 

122.5. Composite f~nlike texture is the type of focal 
conic variation designated " f a n  s t ruc tu re"  ("stI~UC - 
t u r e e n  6ventai ls")  by  Friedel (14). According to 
Friedel,  the fan is a composite of focal domains whose 
hyperbolas are so elongated that  they appear as a 
group of straight lines converging f rom their respec- 
tive focal regions to a common point ;  the focal conic 
geometry, if visible at  all, would thus be sough t at  the 
outer edge of each sector of the fan. The positive 
" s ign  of e longat ion" of the sectors of the fans indi- 
cates a lengthwise molecular alignment in Fr iedel ' s  
interpretat ion of the texture. In both neat and mid- 
dle phases this texture  is favored by  slow precipita- 
tion from isotropic mother liquor. 

The texture is not too common in the neat phase; 
however it is another  texture whose existence must 
be recognized because of the possibility of confusion 
with a very common texture of middle phase. In  neat 
phase the fanlike texture has always been found in 
close association with a few negative units (see Fig- 
ure 8), which serve to distinguish such neat f rom 
fan-like middle phase. Fur thermore  there is often a 
scalloped appearance at the outer edge of the fan, 
resulting in local curvature  of the extinction a rm;  
also, wherever a fan  intersects another focal conic 
area there is no" discontinuity as in middle phase, but  
a merger  of the two zones. This texture,  like rounded 
droplets (see under  121.3), is considerably finer than 
the corresponding one for  middle phase. 

122.8. "Bato nnets" are a type of pointed droplet 
exhibited by smectic substances (15). Since they are 
usually associated with rapid precipitation, they are 
ra ther  commonly encountered in neat phase precipi- 
rated from isotropie liquid by  cooling or by evapora- 
tion near  the ed~'es of the cover glass. The presence 
of batonnets in neat  phase precipi tat ing from iso- 
tropic liquid in 56.5% potassium oleate at 240°C. 
was one of the properties used by  McBain and El ford  
(40) in characterizing neat soap as smectie. 

ThE MIDDLE PHASE (200) 

Like the neat phase, the middle phase exhibits ax- 
ial (210) and focal conic (220) textures;  ~ unlike 
neat, middle exhibits a group of non-geometric tex- 
tures (230). 

210. Axial Textures. These textures are analogous 
to the uniaxial textures  in neat (see 110) and like- 
wise involve a p lanar  arrangement ;  however for  lack 
of specific evidence the term uniaxial is not applied 
to the middle phase. True planar  textures in middle 
phase are rare. The only example" so far  observed 
here has been in 45% potassium laurate (55% water) ,  
cooled from the isotropic phase and held several min- 
utes. at 161°C. jus t  below Ti, the highest temperature  
at which the liquid crystalline phase is in equilib- 
rium with isotropie melt. 

220. Focal Conic Textures. (See general comments, 
Section 120. ) 

laMiddle phase, if at  all cap,able of developing geometric texture, 
ordinari ly develops relatively coarse, pat terns simply on spontaneous 
digestion. I t  h.as been noted that the development of geometric texture 
occurs only in the presence of visible isotrople liquid or nea.r the 
middle-plus-nigre portion of the system, i .e. ,  on sufficient dilution or 
heating. This may mean either that some isotropie liquid is required 
for development of the middle phase "g ra in s "  by digestion or that  the 
middle phase proper, w h e n  sufficiently hydrated or heated, becomes 
fluid enough to permit  its r ea r rangement  into geometric textures. Ref- 
erence to the ap~)ropriate phase d i a g r a m  (42, 54) shows that, all 
compositions for which geometric middle soap textures have been pub- 
lished (see earlier work)  lie close to the nigre region. 
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I~I(~S. 1-~: FO()AL CONIC "I~EXT[JRES ()F NEAT ]~IIAS}¢. 
(With x-nicols except Fi~'. 6}); Fi~. 4 5 ma4"nif. ~'~t. ]00X, others ~'(t. 200X) 

FIe. 1. Posi t ive  u~i, ts (]21.1) ill pla.r~Jr ~nia~ial ,t)~atrix ( l l 2 )  ; focussed successivelh' on (a)  top alld (I)) bottom surface of 
prepara t ion.  Note narrow center of (~xtinetion crosser,. Potass ium oleate, ca. 3(}% wqter, (e(~.. 7 Nw, cj'. Ref. 40). 

Fro. 2. Near  center of fieht, negat ive  ~ni:ts (121.2) in matr ix  of isotropie l)]msc, hi o, crosses ~re plus sighs, })ro:~dcned :~t the 
center;  in b, where the s tage has been rotated 20-25 ° clockwise, ~he exti~cti(m arms are curved, res(lltillg in the " p i n w h e e l "  aspect. 

FI(~. 3. Ft~Tdi.]~'e ~ni.ts (121.3) of neat i~i nigre, with superficial resemblance ~o true positive ullits. Note ltle l~at'row-ce~tered 
extinction crosses whose arms remain s t ra ight  in spite of rotat ion of the s tage 20-25 ° cl()ekwise in b, :tnd the scalloped edges. Also 
note, near  the r ight-hand border, the droplet (~onsisting of one nega.tivc and one fanlike unit. 

Fie-. 4. Coarse mosaic tex ture  (122.1), a complex network of  ( + )  and ( - - )  units. Note how arms of crosses are shared by 
adjacent  uni ts  of opposite sign and how neg~Jtive crosses are more prominent .  ( In  upper left, posit ive un i t s  in planar matr ix . )  

FI(i. 5. Typical ~nosaic tex ture  (122.1) ; same geometry as in Fig.  4, but  finer and less regulttr. (Present  sample is homogene- 
ous neat phase which showed no textural  growth or other change over 3-month period.) Potass ium oleate, 30(~ water,  room temp. 

FI(i. 6. Large,  fl'it, neat droplets in isotropic liquid, with and without  x nico[s. Note bire/:ringent border.~ (]22.3) where curv- 
ature of the surfaces is considerable, also planar  centers  (113.1). Note, also, the extreme difference in contrast  in b between outer 
a~d inner edges of borders. (Black centers of two circular drops in b are air bubbles.)  

FIG. 7. Focal conic detail in birefri .ngeut border (122.3) ad jo in ing  air bubble. Arrow indicates progression of negative unit 
to pinwheel and then to F igure  8 as stage is rota ted counterclockwise (c f .  Fig. 2).  

Fro. 8. Fanl@e tex ture  (122.5);  neat droplets in isotropic liquid. Note the several pinwheels which dist inguish this f rom the 
fanlike tex ture  of middle phase. 

221. (cf. 121.) Only one unit texture is encountered, 
the fanlike unit. With positive units absent, the mid- 
dle phase exhibits no simple focal conic geometry. 
Since negative units do not occur, the resulting ab- 
sence of curved extinction arms is of fundamental 
importance in distinguishing this phase from neat. 

The absence of negative units in the middle phase 
arises from the fact that adjoining fanlike units do 
not merge with each other, as do adjacent units of the 
neat phase; instead they meet along an ordinarily 
irregular boundary like those in a typical p01yerystal- 
line aggregate. 

221.3. (See 121.3.) Separate fanlike units are found 
among the rounded droplets (Figure 17) which the 
middle phase prec ip i ta tes  by evaporation of water 
from an isotropic solution. The texture is that shown 
by McBain in Ref. 38. Far ther  growth of such drops 
by cooling or by evaporation of water leads ultimately 
to a composite fanlike texture. 

222. It  will be noted in Table I that the most com- 
mon composite textures of the middle phase are rela- 
tively uncommon in a neat and vice versa. 

222.2. In the middle phase, unlike the neat phase, 
oily streaks (Figure 22) are encountered only in a 
matrix of isotropic phase, evidently because the local- 
ized flow required for generation of this texture is not 
possible with the high viscosity of the homogeneous 
middle phase. 

222.5. The spectacular fanlike texture (Figure 18, 
see 122.5) is the one most commonly associated with 
middle phase (34, 37, 54). In this phase, focal conic 
detail in the fans is ordinarily invisible though at 
higher powers (ca. 500 X)  there is sometimes a sug- 
gestion of it; the fineness of the ribs indicates that 
the fan is made up of many narrow domains whose 
terminal detail would necessarily be very fine. The 
boundary betwen two fanlike areas is a sharp discon- 
tinuity, apparently consisting only Of the irregular 
line along which two adjacent liquid crystalline zones 
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PIGS. 9-16: ADDITIONAL TEXTURES OF NEAT PHASE 
(All with x-nicols) 

FIG. 9. P lanar  neat phase (gray)  distinguished from isotropic liquid (black) using convergent light. (Br ight  drops are middle 
phase.) With axial light, the neat and isotropic liquid were indist inguishably black ( texture 111.2). Magnif .  ca. 100X. 

FIG. 10. (a)  Uniaxial interference figure on thick planar  droplet of neat  phase (as in Figure 6). (b)  Blank on t ruly iso- 
tropic phase in same field. 

FIG. 11. Oily streaI~s (122.2) in planar ma t r i x  (112). Potassium oleate, 30% water, room temperature.  Magnif.  ca. 5 0 X .  
FIG. 12. Field of Fig. 11 af ter  mechanical disturbance of cover glass. In spite of unavoidable distortion with such fluid mate- 

rial, conversion of certain planar  patches to the mosaic texture (122.1) can  be followed. 
FIG. 13. Homogeneous neat phase at 50°C.; oily strealcs in planar matrix .  Sodium oleate, 32% H:O. Sample in sealed, fiat, 

glass capillary. Magnif.  ca. 100><. 
Fro. 14. Field of Figure 13 a f te r  heating to 150°C. Note thermal  conversion of planar  patches to mosaic texture (122:1). 
]~IG. 15. Neat  phase of potassium l~urate, 20% HfO (16.8 N ~ ;  cf.  Ref. 42), ca. 60°C. Magnif. ca. 100X. 
Fro. 16. Neat  phase in typical commercial " k e t t l e  soap . "  Sodium soap of 80% tal low-20% coconut oil. " F r a m e d "  soap at 

30% water, remelted on slide. Magnif.  ca. 100X. 

happen to meet and stop growing. The extinction 
arms of a middle phase fan, from the apex to this 
outer boundary, are straight. 

222.6. The " angu l a r "  texture (Figure 19) often 
exhibited by middle phase is really an underdevel- 
oped fanlike texture. Apparently because there are 
many " g r a i n s "  in close proximity, the development 
of obvious fans. is restricted though at least a few 
small fans are usually found; the majority of grains 
are angular fragments of fans. The angular texture 
is likely to be encountered in digested middle-plus- 
nigre systems. On longer digestion, this texture often 
develops gradually into the large, almost homogeneoLIs 
fields of 222.7. 

An angular texture in the smeetic phase of the 
soap-like bromphenanthrene sulfonie acid is found 
in Ref. 51. 

222.7. (See Figure 20 and discussion under 222.6.) 
222.8. Batan.nets. (See Figure 21 and notes under 

122.8.) 
230. Nan-Geometric Textures. In addition to the 

foregoing textures, all of which are characterized by 
more or less geometric design, there is in the middle 
phase an important and commen type of texture that 
exhibits no definite geometry though the birefringent 

character is evident. It  is particularly important to 
recognize the existence of these textures because of 
the emphasis laid by the previous literature on the 
geometric textures, especially fanlike textures. 

231. The simple, non-striated type of non-geomet- 
ric middle phase texture is illustrated in Figure 23. 
/~ather nebulous patches, arising from more or less 
parallel orientation of submicroscopic birefringent 
units, are evident and exhibit a crude extinction as 
the microscope stage is rotated. An identical texture 
is exhibited between x-nicols by a paste of fine-micro- 
scopic, or submicroscopic, elongated crystals, but in 
such a case the mass is ordinarily opaque both in bulk 
and microscopically and would not be mistaken for 
the clear middle phase. 

This particular non-geometric texture of the middle 
phase is believed to be stable only in the absence of 
mother liquor. 13 

232. Striated, but otherwise non-geometic, textures 
appear to have one of the following two modes of 
origin. 

232.1. Striations develop as slip-]i~es in stiff, ho- 
mogeneous middle phase. On standing, no further  
change in texture occurs. 
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FIGS. 17-24: TEXTURES OF MIDDLE PI~ASE 
(x-nicols) 

FIG. 17. Fanlike units (221.3) of middle phase; rounded droplets precipitated under cover glass on sh)w evaporation of water 
from 20% aqueous solution of potassium laura to; room temperature. Magl~if. ca. 100X. 

t~IG. 18. Fanlike texture (222.5). Note straight extinction arms and absence of '~pinwheels." Potassium laurate; middle 
phase precipitated as in Fig. 17. Magnif. ca. 50X. 

FIG. 19. " A n g u l a r "  texture (222.6). Note absence of "pinwheels." Magnif. ca. 50X. 
FIG. 20. Zone of almost uniform extinction (222.7). Middle phase precipitated as in Figure 17 but starting with potassiunl 

oleate in 20% solution. In a, sample at extinction; in b, sample at nlaximum brightness (by turning nicols rather than sample 45°). 
Magnif. ca. 25)<. 

Fro. 21. Batonnets (222.8) of middle phase precipitating from isotropic liquid. Magnif. ca. 50>(. 
FIG. 22. "Oi ly  strea~s" (222.2) of middle in isotropie liquid. Magnif. ca. 200X. 
Fro. 23. Simple non-geometric texture, non-striated (231), in homogeneous middle phase. 30% sodium palmita.te, 70% water, 

80°C. (ca. 1.5 N,~; cf. Ref. 43). Magnif. ca. 100X. 
FIG. 24. Striations in incipient geometric texture (232.2) inmiddle phase. Magnif. ca. 50X. 

232.2. More commonly,  the s t r ia t ions  r ep resen  t in- 
c ip ien t  deve lopment  ( F i g u r e  24) of the a n g u l a r  or  
fan l ike  tex tures .  

I I .  Microscop ic  I d e n t i f i c a t i o n  o f  t he  N e a t  a n d  M i d -  
dle Phases .  Ord ina r i ly ,  d i s t i ngu i sh ing  be tween  n e a t  
and  midd le  phases  microscopica l ly  is s imp ly  a m a t t e r  
of i n spec t ing  a p r e p a r a t i o n  fo r  the  more  common 
t ex tu re s  ind ica t ed  in  Tab le  I. F o r  convenience  how- 
ever,  a n d  to p rov ide  f o r  those occasions where  the 
two phases cannot  b e  d i s t ingu i shed  w i t h o u t  a t t en t ion  
to t e x t u r a l  details,  the d i s t i ngu i sh ing  t ex tu res  a n d  
t e x t u r a l  in t e rconvers ions  are  summar i zed  in Table  I I ,  
which is the hea r t  of the  p resen t  section. 

W i t h  respec t  to ident i f icat ion,  one h e l p f u l  f ea tu re  
of the s i tua t ion  is t h a t  the t ex tu res  in  which  nea t  and  
midd le  phases most  resemble  each o the r  a r e  usua l ly  
associated wi th  qui te  d i f ferent  condit ions.  Therefore ,  
in  any  m i x t u r e  of two  or more  phases,  a t y p e  of s i tu-  
a t ion where  the microscopic  me thod  is p a r t i c u l a r l y  
needed,  nea t  and  midd le  would  be expec ted  to exh ib i t  
q u i t e  d i f ferent  aspects  and  be r ead i l y  d is t inguishable .  
U n d e r  such condit ions,  f u r t h e r m o r e ,  since the phases 
exist  side by  side, va l i d  compar isons  of b i r e f r i n g e n e e  
can be made  (see be low) .  

I n  any  case, of course, i t  is advisable  to base the 
microscopic  ident i f ica t ion  of these phases  on a com- 
b ina t ion  of tex tures .  

A warning needs be given regaxding dependence on bire- 
fringence, i.e., strength of double refraction, as an identifying 
property. This property is ordinarily used as a preliminary 
and tentative test. While it is true that each of the non-planar 
textures displays, somewhere in a preparation, regions where 
the molecules lie parallel to the surface of the slide a~d more 
or  less parallel to each other, thus exhibiting substantiMly the 
maximum birefringence, nevertheless the interference ~ ~ color" 
Observed depends partly on thickness of the area, which varies 
from slide to slide and often from one side to the other of 
given preparation. However where the two phases exist side by 
side, reliance can be placed on a difference in birefringence. 

Another property of occasional value is the contrast between 
the neat or middle phase and its surroundings; this property, 
dependent on relative refractive indices of the phases forming 
the interface, is therefore related to birefringence, as just 
discussed. With the analyzer out, the difference in index be- 
tweerr neat phase, even planar drops, and a separate isotropic 
phase ordina,rily leads to good contrast at the interface (F~g- 
ure 6a); on the contrary, patches of nliddle phase in an iso- 
tropic liquid matrix are often practically invisible without 
x-nicols, since even the highest index of middle phase is little 
different from that of the mother liquor. Even where oily 
streaks or other neat phase structures are embedded in an 
isotropie matrix of the same phase, there is fairly good con- 
trast at the bounda~%s, especially if the stage is turned to the 
position where the higher refractive index of the neat  is oper- 
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FIGS. 25-29: THE "VISCOUS NEAT"' CONDITION 
(x-nicols) 

FIS. 25. ~'Viscous n e a t "  freshly pressed out under cover glass. Potash soybean soap, ca .  40v/o water, room temperature. 
Magnif. ca .  100X. 

Fro. 26. Field of Figure 25 after  100 min. Note considerable conversion to planar uniaxial texture. 
FIG. 27. Angular mosaic texture obtained by disturbing planar area in ~'viscous n e a t . "  Potash soybean soap as in Figure 25. 

Magnif. ca. 100X. 
FIG. 28. Neat phase in potash soybean soap, 40% water, ca .  5 0 ° C .  Note typical fine crossbanding and rounded contours. 

Magnif. ca .  50X. 
FIG. 29. ~'Viscous n e a t "  after cooling field of Figure 28 to room temperature. Note angular jointed oily streaks and absence 

of fine banding. 

ative. Because of the dependence of refractive index on com- 
position however, and the dependence of contrast on thickness 
of the region ~nd curvature of the interface, the relative in- 
dices at any boundary must be interpreted with discretion; 
for purposes of identification, contrast can be considered chiefly 
as a preliminary guide. 

The emphasis of the present paper  is on the distinc- 
tion of neat and middle phases f rom each other. There 
is, of course, the problem of distinguishing ei ther of 
the phases f rom other liquid crystalline phases and 
even at times from certain crystalline textures;  there 
is also the need for distinguishing neat phase in its 
" i s o t r o p i c "  aspect from t ru ly  isotropie liquid phases. 

Basically the positive recognition, microscopically 
or otherwise, of all the many liquid crystalline soap 
and detergent phases is a large problem of which the 
present contribution, detailed as it is, is only one part .  
While much of the present material  is applicable to 
the broader  problem, no claim is made that  the cri- 
ter ia  of Table I I  by themselves set neat and middle 
phases apar t  f rom all Other soap phases. There will, 
for  instance, be cases where a persisting non-geomet- 
ric texture  is encountered in liquid crystalline soap 
phases other than middle soap, e.g., one of the "waxy" 
group. 

In such cases the phase of the unknown material 
may be determinable f rom consideration of composi- 
tion and temperature,  and the relationship to any 
known a d j a c e n t  regions ,  keeping the typical  soap 

phase diagrams in mind. Simple composition changes 
under  the microscope, such as permit t ing the sample 
to hydra te  or dehydrate  partially, are often helpful,  
as are simple thermal  changes. In  difficult cases re- 
course to an x-ray pat tern  may be necessary to estab- 
lish the general phase type, pa r t i cu l a r ly  to set the 
waxy phases apar t  from the simpler smectic struc- 
tures (50). 

Because of the presence of planar  areas in the neat 
phase, the worker in detergents certainly needs to be 
forewarned that  not all apparent ly  isotropic regions 
are " n i g r e "  or electrolyte solution. Distinguishing a 
planar  neat area from t ru ly  isotropic liquid by  me- 
chanical or thermal disturbance is described under  
Texture  122.1. Where the sample cannot be dis- 
turbed,  convergent or oblique light may  be used as 
discussed under  Texture  110. 

A fu r the r  precaution needs to be raised: against 
the abili ty of sufficiently viscous nigres to become, 
and even to remain, anisotropic when flowed. How- 
ever in such cases the a n i s o t r o p y  will possess no 
mosaic texture such as is always evident when "iso-  
t r op i c "  neat phase areas are disturbed. 

I t  is recognized that  the identification scheme of 
Table I I  may require some fu ture  revisions since it 
is based on a classification (Table I)  which is, to 
some degree, empirical. For  one thing, both phases 
involved are liquid crystalline and therefore lack such 
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T A B L E  I I  

Selected Microscop ic  Cr i t e r i a  Used  for  Recogn i t ion  of 
Nea t  a n d  Middle  P h a s e s  

A. NE~T PHASE. 
I .  P l a n a r  ( " i s o t r o p i c " )  a r ea s  common,  especial ly 112 and  113 .1 ;  

f m l n  spon taneous ly  or  on carefu l  m a n i p u l a t i o n  a of cover  g lass .  
(C 'ontras t  w i t h  B - I I I  in  middle  p,hase.) 

i f .  Ex t inc t ion  crosses,  s ingle  (121 .2 )  or  in complex combina t ions  
(122 .1 ) ,  of n e g a t i v e  "opt ic  s i g n "  and  b roades t  a t  the  cen te r ;  
on ro ta t ion  of s tage,  crosses p a s s  t h r o u g h  " p i n w h e e l "  aspect .  
( I n  middle  phase ,  posi t ive  crosses  on ly ;  no " p i n w h e e l s . " )  

I I I .  " M o s a i c "  t ex tu re  (122 .1 )  f o r m e d  f r o m  p l a n a r  a r e a s  on me- 
chan ica l  a o r  t h e r m a l  d i s tu rbance .  UsuMly  r a t h e r  f ine -g ra ined  
but  r a r e ly  so m u c h  as  to p r e v e n t  cha rac t e r i za t i on  by p resence  
of n e g a t i v e  ext inc t ion  cresses  and  " p i n w h e e l s . "  

I V .  E v e n  a f t e r  m echan i ca l  d i s tu rbance ,  n e v e r  a p p e a r s  less gee- 
met r i c  t b a n  f ine mosa ic  texture ,  b ( C o n t r a s t  w i th  B - I V  in 
midd le  phase . )  

V. Coarse r  or  bet ter -developed t ex tu res  no t  o rd ina r i l y  f o r m e d  by 
digest ion,  b ( C o n t r a s t  w i th  B-V in midd le  phase . )  

V i .  H i g h e r  b i r e f r i n g e n c e  t h a n  middle, phase ,  c 

]~. ~VI1DDL~ PHASI~ 
I .  F a n l i k e  (222 .5 )  or  a n g u l a r  (222 .6 )  t ex tu re s  w i t h  ext inc t ion  

crosses  of pos i t ive  "opt ic  s i g n "  only;  ex t inc t ion  a r m s  r e m a i n  
paral le l  to c ros sha i r s  on ro ta t ion  of s tage,  i.e., " p i n w h e e l s "  
absent .  (Cf. 122.5 in  text . )  

I I .  Non-geomet r ic  t ex tu re  ( 2 3 0 ) .  B i r e { r i n g e n t  b u t  ex t r emely  fine- 
g r a i n e d  wi th  no geomet r ic  p a t t e r n ;  m a y  be s o m e w h a t  s t r i a t ed  
( 2 3 2 ) .  M a y  pe r s i s t  indef ini te ly  (232 .1 )  or  develop (232 .2 )  
into geomet r i c  t ex tu r e  on s t a n d i n g  or  w a r m i n g .  (Nea t  phase  
is ahvays  e i ther  p l a n a r  e r  geomet r i c ;  see A - I V . )  

l I I .  Does  no t  f o r m  p l a n a r  a reas  on d iges t ion  or  ca re fu l  m a n i p u -  
lat ion.  ( C o n t r a s t  w i th  A-I  in  nea t . )  

I V .  Wi th  sufficient mechan i ca l  d i s turbance ,  geomet r i c  t ex tu re s  can  
be b roken  down to completely non-geomet r i c  t ex tu re .  (Con- 
t r a s t  w i t h  A - I V  in nea t . )  

V. Geomet r ic  t e x t u r e s  develop, i f  at  all, by  d iges t ion  of non- 
geomet r ic  a r e a  ( O o n t r a s t  wi th  A-V in nea t )  or  on fo rma t ion  
of midd le  phase ,  as  by  p rec ip i t a t ion  f r o m  iso~ropic phase .  

V I .  L o w e r  b i r e f r i n g e n c e  t h a n  neat .  c 

a See d i scuss ion  of t e x t u r e  110 in text.  
bSee  d i scuss ion  of t ex tu re  122.1 in text.  
e See d i scuss ion  in  Sect ion I I  of text.  

f ea tu res  as in te r fac ia I  angles  which  can be used to 
d i s t ingu i sh  def in i te ly  be tween  fu l l y  c rys ta l l ine  mate-  
rials. F u r t h e r m o r e  bo th  phases are  e i the r  of the 
same s t r u c t u r a l  type,  smectic,  or of two closely re- 
l a ted  types  f r o m  H e r m a n n ' s  classif ication (see See- 
t ion I I I  fo l lowing) .  I n  addi t ion,  the v a r i e t y  of tex- 
tu res  exh ib i t ed  by  each phase,  and  the  at  leas t  p a r t i a l  
d e p e n d e n c e  of t e x t u r e  on condi t ions  of fo rmat ion ,  
w a r n s  of the possible existence of t ex tu re s  not  ye t  
encountered .  

Never the less  i t  is f e l t  t h a t  the scope of composi t ions  
and  condi t ions  on which  the classif icat ion is based 
indica tes  its va lue  as a p rac t i ca l  device fo r  phase  
s tud ies  of soaps and  syn the t ic  de tergents ,  even if 
some minor  revis ions  p rove  necessary.  The classifi- 
ca t ion  f u r t h e r m o r e  serves as a necessary  step towards  
a f u l l e r  acqua in t ance  wi th  the m u l t i p l i c i t y  of  l iqu id  
c rys ta l l ine  soap and  synthe t ic  d e t e r g e n t  phases, some 
v e r y  l i t t le  s tud ied  and  others v e r y  l ike ly  not  e v e n  
encoun te red  as yet.  

I I I .  Structural Co nsdder~tions. W i t h  the  except ion  
of the non-geomet r ic  t ex tu res  (230) in the midd le  
phase, al l  the  t ex tu r e s  summar ized  fo r  nea t  a n d  mid-  
dle phases  in Tab le  I e i the r  are  specif ical ly  associated 
wi th  the smectie s ta te  by F r i e d e l  (13) or are possible 
va r i a t ions  of F r i e d e l ' s  textures .  To this  ex ten t  pre-  
vious s t a t ements  t h a t  both  phases are smectic  (7, 23, 
40, 45, 54) are subs tan t ia ted .  

Ce r t a in  of the p resen t  observa t ions  however  sug- 
gest  t h a t  there  m a y  be a f u n d a m e n t a l  s t r u c t u r a l  dis- 
t i ne t ion  be tween  these two phases, p r e s u m a b l y  a long  
the l ines f o r m u l a t e d  by  C. H e r m a n n  (20).  

The p r i n c i p a l  ex is t ing  evidence in f avo r  of such a 
s t r u c t u r a l  d i s t inc t ion  is the inab i l i t y  of midd le  phase 
to r eo r i en t  spon taneous ly  in to  a p l a n a r  a r r a n g e m e n t  
co r r e spond ing  to the  110 t ex tu res  so easi ly and  eom- 
m e a l y  assumed by  nea t  soap. This  d i f fe rence l in  be- 
h a v i o r  migh t  be passed off s imply  as a i~esult of the 

large  difference in fluidity i f  i t  were  no t  fo r  the fol- 
lowing  c i r c u m s t a n c e .  I n  the h y d r a t i o n  o f  ce r t a in  
soaps there  occurs  a phase or o ther  condi t ion  (see be- 
low) which  exhib i t s  a consis tency like t h a t  of midd le  
phase ye t  which  does o r ien t  spon taneous ly  ( F i g u r e s  
25-6), and  in t ime comple te ly ,  into a p l a n a r  a r r ange -  
meat .  This  b e h a v i o r  lends  w e i g h t  to the po in t  of  v iew 
tha t  the absence of  such o r i en t ing  t e n d e n c y  in the  
midd le  phase  ref lects  a s t r u c t u r a l  di f ference be tween  
it  and neat .  

The absence, in the middle  phase,  of any  focal  conic 
geome t ry  s imple r  t han  the fan l ike  t e x tu r e  m a y  also 
have a s t r u c t u r a l  origin.  

However ,  while  v e r y  usefu l  as a somewha t  empi r i -  
cal me thod  of phase ident i f icat ion,  microscopic  tex- 
t u re  by  i tself  is not  so f a r  a sufficient basis  fo r  estab- 
l i sh ing  a f u n d a m e n t a l  s t r u c t u r a l  di f ference be tween  
the nea t  and  midd le  phases. The  final  answer  mus t  
be based on s tudies  by  several  d i f fe ren t  techniques ,  
ce r t a in ly  i nc lud ing  x - ray  diffract ion.  

The above self-orienting, though highly viscous, condition 
has been provisionally designated "viscous neat phase" for 
two reasons, a) On either warming or drying, it passes into 
neat phase of conventional fluidity, b) It  exhibits texture!~ 
(the planar regions as well as "oi ly  streaks" described be- 
low) analogous to those of the neat phase rather than the 
middle. While "viscous nea t "  is suspected of being a sep- 
arate phase, it could conceivably be a high-moisture, low-tem- 
perature, high-viscosity corner of the neat region. "Viscous 
nea t"  is observed, for example, at room temperature in potash 
soybean-oil soap of low electrolyte content and a~ about 40% 
water. Pressure on oriented isotropic areas of "viscous nea£" 
yields, not the fine, focal conic, '~mosaic ~ ~ texture of ordinary 
neat phase, but an angular mosaic (F~gure 27), suggesting a 
closer approach to crysta]linity. On cooling the above soybean 
soap composition from the true neat state, conversion to "vis- 
cous neat '~ is evident as a replacement of the fine, focal 
conic cross-banding and rounded contours of the oily streaks 
(Figure 28) by an angular, jointed texture (Figure 29) con- 
sisting of a small number of areas of uniform extinction. In 
spite of this approach to crystalline character, the jointed 
"oily streaks" slowly but spontaneously disappear leaving a 
planar area. 

The facetted droplets (1) and angular myelinic figures (21), 
mentioned in the literature, are presumably related to the above 
' ' viscous neat ' ' textures. 

Experimental Methods 
The techniques involved are relatively simple. Merely press- 

ing out the sample between slide and cover glass permits 
examination for many minutes without water loss even in 
fMrly warm systems, except at the edges of the preparation. 
This simple technique pelnnits examination of a more extensive 
field than in a flat capillary, :Allows a choice of sample thick- 
ness, and expedites necessary manipulation of the sample by 
pressing or sliding the cover glass. Simple moisture control, 
even over periods of several days or more, caa~ be added by 
ringing the under edge of the coverglass with a medium, such 
as Aroelor No. 1262 (Monsanto), which is free of volatile sol- 
vent. Better moisture control up to 80-90°C. with retention 
of the foregoing advantages is attained by a simple screw- 
clamp arrangement which closes off the edge of the cover glass 
with a thin rubber gasket. The efficiency of such moisture 
control was evident from the fact that certain middle soaps, 
which went to neat soap promptly at the edges of an unpro- 
tected preparation, formed no neat with the Aroc]or or gasket 
seal. Where a glass seal is required, flattened capillaries simi- 
lar to those described by Doscher and Vold (8) are employed 
and found satisfactory to some 300°C. or more, if sufficiently 
tMck-walled. 

Where only approximate control of temperature is required 
and manipulation of the sample is desired, the unsealed or 
gasket-sealed preparations are employed and warmed with an 
electric hot-wire, arranged preferably below a raised slide; 
in much of the present work this procedure was adequate since 
from previous phase studies the phases under examination were 
known to have a wide temperature range of existence. Where 
more precise temperature control is required, the flattened capi] 
laries arc heated in a precision micro-oven designed by Dr. 
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Q u i m b y  o f  t h i s  l a b o r a t o r y  a n d  e q u i p p e d  w i t h  a t h e r m o c o u p l e .  
S i n c e  t h e  t e x t u r e  o f  nea£  a n d  m i d d l e  p h a s e s  d e p e n d s  p a r t l y  

o n  s a m p l e  t h i c k n e s s ,  i t  h a s  b e c o m e  a f r e q u e n t  p r a c t i c e  h e r e  to  
m a k e  a w e d g e - s h a p e d  p r e p a r a t i o n  b y  r e s t i n g  o n e  s ide  o f  t h e  
c o v e r  g l a s s  o n  a n o t h e r  c o v e r  g l a s s  o r  a f r a g m e n t .  I n  t h i s  w a y  
m o r e  t h a n  o n e  t e x t u r e  m a y  b e  s t u d i e d  i n  one  p r e p a r a t i o n  a n d  
t h e  m o s t  s a t i s f a c t o r y  t h i c k n e s s  f o r  e a c h  se l ec t ed .  A s  a r u l e ,  
t h e  m o s t  d e f i n i t e  t e x t u r e s  a r e  o b t a i n e d  in  l a y e r s  t h a t  a r e  n o t  
t o o  t h i c k ;  a good_ r u l e  is  to  r e l y  o n  a r e a s  w h i c h  e x h i b i t  i n t e r -  
m e d i a t e - f i r s t - o r d e r  i n t e r f e r e n c e  c o l o r s :  l i g h t  g r a y s  a n d  y e l l o w s .  
E x c e p t i o n s  ex i s t ,  o f  c o u r s e ,  b u t  t h i n n e r  l a y e r s  m a y  a p p e a r  t oo  
d i m  o r  t h e  t e x t u r e  t o o  d i f f u s e ,  a n d  t h i c k e r  l a y e r s  m a y  b e  con- 
f u s e d  b y  t h e  e f f ec t s  o f  o t h e r  l a y e r s  t h a n  t h e  one  in  f o c u s .  
O r d i n a r i l y  a 16 - ram.  o b j e c t i v e  is  p r e f e r a b l e ,  b u t  f o r  fine t ex -  
t u r e s  a n  8 - m m .  o r  even  a 4 - ram.  m a y  b e  u s e d  p r o f i t a b l y .  

T h e  s a t u r a t e d  s i n g l e  s o a p s  w e r e  m a d e  b y  n e u t r a l i z i n g  f a t t y  
a c i d  t o  p h e n o l p h t h a l e i n  in b o i l i n g  9 5 %  a l c o h o l  w i t h  s a t u r a t e d  
a q u e o u s  N a O K  o r  K O K ,  d r i v i n g  of f  t h e  a l c o h o l  ~n :t s t e a m  
oven ,  a n d  f i na l l y  d r y i n g  to  c o n s t a n t  w e i g h t  a t  1 5 0 ° 0 .  T h e  
o l e a t e  w a s  p r e p a r e d  s i m i l a r l y  b u t  d r i e d  a t  ] 0 0 ° C .  in  a c lo sed  
s y s t e m  s w e p t  w i t h  a n h y d r o u s  n i t r o g e n .  T h e  c o m m e r c i a l  s o a p s  
w e r e  p r e p a r e d  o n  a l a b o r a t o r y  sca l e  b y  c o n v e n t i o n a l  so:q~ 
' ' b o i l i n g .  ' ' 

H y d r a t i o n  o f  t h e  s a t u r a t e d  s o a p s  w a s  c a r r i e d  o u t  b y  s e . l l i ng  
s o a p  a n d  w a t e r  i n t o  g l a s s  t u b e s  u n d e r  w a t e r - p u m p  v a c u u m ,  
a n d  h o l d i n g  3-4 h o u r s  a t  1 0 0 ° C . ;  n e a t  s o a p  c o n i p o s i t i o n s  
c o u l d  b e  h o m o g e n i z e d  b y ' f r e q u e n t  v i g o r o u s  s h a k i n g ,  b u t  m i d d ] a  
s o a p  t u b e s  w e r e  c o o l e d  once ,  t h e  c o n t e n t s  m i x e d  w i t h  a s p a t u l a  
a n d  r e s e a l e d  f o r  f u r t h e r  h e a t i n g .  F o r  t h e  o l e a t e s  t h e  e l e v a t e d  
t e m p e r a t u r e  w a s  o n l y  7 0 ° C .  T h e  f i n a l  m o i s t u r e  c o n t e n t  w a s  
d e t e r m i n e d  f r o m  loss  i n  w e i g h t  a f t e r  o n e  h o u r  a t  1 5 0 ° C  '. f o r  
a l l  s o a p s  b u t  t h e  o l e a t e s ,  w h i c h  w e r e  d r i e d  to  c o n s t a n t  w e i g h t  
a t  7 0 ° C .  i n  a v a c u u m  oven .  

Summary 

The mesomorphie or "l iquid crystalline" neat and 
middle phases encountered  in aqueous systems of 
soaps and synthetic detergents differ considerably in 
plasticity, Nevertheless, in fundamental phase stud- 
~es or the examination of commercial products and 
processes, identification of these two phases has hith- 
erto been uncertain, particnlarIy when they are nlixed 
with each other or with other phases; even under the 
polarizing microscope, their identification has not been 
positive since, by the classical criteria for identifying 
mesomorphic phases, both are "smectie." 

The present work reveals addi t ional  cr i ter ia  by 
which the two phases may be satisfactorily distin- 
guished. In the first place, there are non-geometric 
textures exhibited by middle but not by neat. Con- 
versely, there are planar textures exhibited by neat 
but not by middle. Furthermore there are important 
systematic differences even among the focal conic tex- 
tures upon which the smectie nature of the two phases 
has previously been predicated. 

While the microscopic method now makes possible 
the identification of phase mixtures, it serves also as 
a rapid method even where one-phase compositions 
are concerned. 

This study is primarily descriptive in its present 
state of development, but the existence of systematic 
microscopic differences between these two nominally 
smectie phases, coupled with their well-known and 
pronounced difference ~n consistency, suggests a fun- 
damental structural distinction between them. 

Much of the present subject-matter applies also to 
such materials as certain wetting agents and dyes, 
as well as phosphatides and certain other biological 
substances. 
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CORRECTION 
T. P. Hildi teh reports  that  in his Let ter  to the Editor ,  .appearing in the 

October 1954 issue of the Journa l  of the American Oil Chemists '  Society, page 
433, there were two errors. Lines ]1-]2 in column 2 should read: " t h e  GS2U 
glycerides form a smooth cu rve . "  Lines 21-22 should read " b u t  monosaturated 
glycerides never more than  45-50%."  
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Chemical composition of cerebral arteries. The concentration 
of l ipids and minerals compared with those in the internal 
carotid. R. C. Buck, J. C. Paterson, and R. J. Rossiter(Dept. 
Bioehem., Univ. Western Ontario, London, Ontario). Can. J.  
Biochem. and Physiology 32, 539(1954). The concentration of 
total cholesterol, total phospholipid, nonlipid phosphorus, cal- 
cium, and fat-free dry residue was determined in the internal 
carotid and cerebral arteries obtained at  autopsy from a series 
of 14 male subjects ranging in age from 40 to 85 yr. By 
the method of rank correlation it was found that  for both 
vessels the concentration of total, free, and ester cholesterol 
was significantly correlated with both age and severity of the 
atherosclerosis. Ester cholesterol expressed as a percentage of 
total cholesterol was also significantly correlated with age and 
the severity of the disease process. 
Doedorizing vegetable oils. Anon. Chem. Eng. 61(10), 256 
(1954). A discussion of U. S. Patent  2,674,609 is given. In  
this process oil is deodorized at 20-60 microns pressure and 
190°-250°F. for 10-48 minutes. 
X-ray diffraction and electron microscope studies on the brain 
lipide strandin. J. B. Finean(Dept.  Biology, Mass. Inst.  Tech., 
Cambridge, Mass.). Arch. Biochem, Biophys. 52, 38(1954). 
The electron mierographs of thin layers of strandin show a 
fairly regular rectangular arrangement of particles measuring 
approximately 60 x 100 x 100 A., the smallest dimension cor- 
responding to the thickness of the layers. X-ray diagrams 
of thick crystalline plates show intense low-angle diffractions 
in three mutually perpendicular directions which correspond 
roughly to these dimensions. The diffraction spacings of dif- 
ferent strandin preparations vary somewhat, and the effects of 
alcohol, and more particularly of water, suggest that  strandin 
may be a complex or series of complexes in which some of the 
association of components is more physical than chemical. 
A system of characterization of common organic acids. I{. T. 
Wendland anal D. I-L Wheeler(~Corth Dakota State College, 
Fargo, N. D.). Anal. Chem. 26, 1469(1954). Organic acids 
containing carbon, hydrogen, and oxygen only can be divided 
into four well-defined classes based on common physical prop- 
erties and simple chemical tests. Identification of the drying 
off acids calls for ultraviolet absorption studies, or chemical 
processes of bromination, hydroxylation, and isomerization. 
Practical significance of the work lies in the increased ease 
of identification of a large number of compounds encountered 
frequently in research and industrial operations. 
Product control at Colgate-Palmolive Ltd. Canadian Chemical 
Processing, 38, No. 10, 96(1954). A description is given of 
the new $1,500,000 control laboratory at Colgate-Palmolive in 
Canada. 
Vegetable oils/ I II .  Mallotus philippinensis Muell. Arg. seed 
oil. R. C. Calderwood and F. D. Gunstone(The University, Glas- 
gow). J. Sci. Food Agr. 5, 382-7(1954). Characterist ics of 
kamala-see/d (MaUotus philippinensis lV[uell. Agr.) oil are tab- 

ulated and compared with previously reported values. Low 
temperature fractional crystallization, spectrophotometric ex- 
amination before and after  alkali-isomerization, hydrogenation, 
acety]ation, methylation, and fractional distillation yielded 
data which show that the mixed acids of kamala-seed oil 
consist of palmitic 18, oleic 28, linoleic 18, and kamlolenic acid 
36%. Because the oil polymerizes when heated with acetic 
anhydride, acetyl values were determined on the mixed hydro- 
genated esters. The isolation of a-kamlolenic acid and isomeri- 
zation to f~-kamlolenic acid by ultraviolet irradiation of a 
benzene solution containing iodine are described, a-Kamlolenie 
acid had m.p. 72°-5°C., and absorption maxima at  262, 271 
and 282 m~. fl-Kamlolenic acid had m.p. 85°-7°C. and absorp- 
tion maxima at 259, 269 and 280 mtz. Repeated recrystalliza- 
tion of fl-kamlolenic acid lowered the E~%., presumably by oxi- 
dation. Ozonolysis of methyl a-kamlolenate yielded methyl 
8-formyloctanoate, confirming previous reports that  a-kamlo- 
lenic acid is an 18-hydroxyoctadeca-9:11:13- t r ienoie  acid. 
During the isomerization of a- to fl-kamlolenic acid, one or 
more cis bonds change to trans bonds. The relationship of 
kamala-seed oil to other oils from plants of tile Euphorbiacae 
family, and the possibilities of using kamala-seed oil as a 
drying oil are discussed briefly. 
Soybeans and products futures markets. J. S. Schonberg(Uhl- 
mann Grain Co., Chicago, Ill.). Soybean Digest 14(11), 48-51 
(1954). Futures contract markets for soybeans, oil and meal 
are disenssed. 
Loss of fat  during souring of cream. 5. E. Roe and H. Edelson 
(Food and Drug Admin., Dept. of Health, Education and 
Welfare, Kansas City 6, Me.) and W. E. Polzen. J. Assoc. Off. 
Agr. Chemists 37, 849-56(1954). Analyses of 24 samples of 
coffee cream (18% fat )  and 26 samples of whipping cream 
(30% fat )  during souring at room temperature showed that  
loss of fa t  is not measurable by the Babcock method over a 
4-(lay storage period. Losses are detectable by the Roese- 
Gottlieb method, but over a 7-day period amount to only 
about 0.1% of the total per cent of fat  per day. 
Report on ether extract in fish. H. M. Risley(Food and Drug 
Admin., Dept. of Heal th ,  Education and Welfare, Seattle 4, 
Wash.). J. Assoc. Off. Agr. Chemists 37, 605-7(1954). Results 
of a committee test of a suggested rapid method for the de- 
termination of fa t  in canned salmon are summarized. A modi- 
fication in the drying method and extension of the work to 
other species of fresh, frozen and canned fish are recommended. 
Surplus butter disposal and soybean oil. S. Riepma(National 
Assoc. Margarine Manufacturers).  Soybean Digest 14(11), 72, 
74, 76(1954). Possible methods of disposing of Commodity 
Credit Corporation-held surpluses of fats  and fa t  products are 
discussed in terms of effects on normal food fa t  markets. 
World fat  and oil supplies. P. E. Quintus(Fats  and Oils Div., 
Foreign Agricultural Service). Soybean Digest 14(11), 46-7 
(1954). World production and distribution of fa ts  and oils 
are reviewed. Although per capita supplies are now probably 
ahead of the prewar levels, total supplies do not appear ex- 
cessive. Distribution problems create local imbalances. U. S. 
has substantial reserves for export. 

Report on eggs and egg products. F. J. MeNall(Food and Drug 
Admin., Dept. of Health, Education and Welfare, Cincinnati 
2, Ohio). J. Assoc. Off. Agr. Chemists 37, 818(1954). Several 


