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ardized soil, and perhaps to act as a guide in ad- 
vancement of this field as a whole. 

I t  is granted that the reflectance method for evalu- 
ation is comparative ra ther  than absolute, but  reflec- 
tance is the measure generally used for estimation of 
cleanliness. Soiled test fabrics are current ly  used in 
screening operations and as a quick guide to research 
and development. Successful evaluation of detergents 
is accomplished by prel iminary evaluation in a lab0- 
ra tory  washer with standardized soiled fabric, fol- 
lowed and supplemented by practical l a u n d e r i n g  
tests in the equipment and with the soiled articles it 
is expected the detergent will be required to clean. 

There doubtless are other variants in procedure 
which have been operated as successfully as the one 
described. I t  should be heartening to realize that  
moderate success in standardization of a soil and 
wash test method has been achieved, and simultane- 

ously discouraging to confirm the tremendous amount 
of effort required to attain such standards. 

Acknowledgment 
Ful ly  appreciated is the encouragement of man- 

agement in permit t ing us free scope in our  stand- 
ardization and evaluation work and also the close 
cooperation of those many persons who have per- 
formed these tests. 

]~EFERENCES 

1. American Society for Testing Materials, "A.S.T.M. Manual on 
Presentation of Data," Philadelphia, Pa. 

2. Bacon, O. C., and Smith, J. E., Ind.  and Eng. Chem., 40, 2361- 
2370 (1948).  

3. Foster D. Snell inc., Leaflet on Standard P.S.C. Soiled Cotton 
(1949).  

4. Van Zile, B. S., Oil and Soap, gO, 55-57 (1943).  
5. Vaughn, T. H., and Smith, C. E., J. Am. Oil Chem. Soc., 25, 

44-51 (1948).  

[Received November 11, 1949] 

Physical Properties of Fatty Acids. 
Thermal Properties of Stearic Acid 
Polymorphic Forms 

I. Some Dilatometric and 
in Two 

W. S. SINGLETON, T. L. WARD, and F. G. DOLLEAR, Southern Regional Research Laboratory, ~ 
New Orleans, Louisiana 

D 1 L A T O M E T R Y  as a means of determining the 
expansibility of fa t ty  acids has heretofore been 
employed by  only one investigator (1). More- 

over the dilatometers used in this early work were 
of the volumetric type, and the fa t ty  acid samples 
evidently contained impurities since their  reported 
melting points are not cons i s t en t  with the values 
now accepted for  these compounds when of the high- 
est puri ty.  

The ability of stearie acid to exist in different 
polymorphie modifications and data with reference 
to the long diffraction spacings of these modifications 
have been reported by a number  of workers (2, 3, 
4, 5). I t  has been stated (6) that  the ~.~olume changes 
accompanying the transformation of stearie acid from 
one polymorphic form to another were unobservable 
and therefore the conditions with respect to the poly- 
morphic transition of stearic acid have not been com- 
pletely established. 

Garner  and co-workers (7) have reported some of 
the thermal properties of the n-aliphatic f a t ty  acids, 
but  detailed data for  the specific heat, heat of fusion, 
and molal entropy of stearic acid are not available. 

The purpose of the present investigation has been 
to determine certain useful physical properties of ste- 
uric acid, including a) its expansibili ty in the solid 
and liquid states, b) the t e m p e r a t u r e  and volume 
changes associated with the polymorphie transforma- 
tion of this acid, e) the absolute density and specific 
volume, d) the specific heat and heat of fusion, and 
e) the entropy calculated from heat capacity data. 

Preparation of Stearic Acid 
A commercial product  containing about 85% ste- 

aric acid was subjected to sulfonation followed by  

1 One of the l~horatovies of the Bureau of ~kgricultural and Indus-  
trial Chemistry, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture. 

water washing to remove unsatura ted impurities. The 
saturated fa t ty  acid fraction was estcrified with meth- 
anol and f r a c t i o n a l l y  distilled, the methyl stearate 
converted to stearie acid, repeatedly r e c r y s t a l l i z e d  
from acetone, and dried over phosphorous pentoxide. 
Characteristics of the purified stearic acid were: set- 
ting point, 69.20~ ; melting point, 69.5~ ; and ab- 
solute density, 0.8474 g./ml, at 72.0~ ( •  ~ 

X-Ray Examination of the Samples 
Slow c r y s t a l l i z a t i o n  of the purified stearic acid 

from benzene at room temperature  and from hot 
glacial acetic acid yielded two distinct polymorphic 
forms. The crystals of stearic acid obtained from 
benzene were t ransparent ,  monoelinie, and variable 
in size, the largest being approximately 6 x 6 x 3 ram. 
A tendency toward crystal-twinning was noted. The 
X-ray diffraction pat tern  of these crystals exhibited 
a long spacing characteristic of the B-form while the 
crystals obtained from hot glacial acetic acid were 
opaque and flaky, and not c h a r a c t e r i s t i c  with re- 
spect to size or system. These lat ter  crystals exhib- 
ited a shorter diffraction spacing characteristic of 
the C-form of the acid. Although c r y s t a l l i z a t i o n  
from benzene at  room temperature yielded crystals 
corresponding to the B-form of the acid in every 
case, crystallization f r o m  this solvent above 53~ 
resulted in the C-form. Likewise crystallization of 
stearic acid from glacial acetic acid at temperatures 
below 35~ resulted in the B-form of stearic acid. 
These  observations would indicate that  the spacing 
exhibited by stearic acid is dependent  upon the tem- 
perature at which crystallization occurs with either 
benzene or glacial acetic acid as the solvent. Crystal- 
lization at temperatures above the transition point 
resnlts in the stable C-form of stearic acid and below 
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the transi t ion point in the unstable B-form, regard-  
less of the solvent used. 

Some of the original sample of stearie acid was 
melted and immediately dropped into liquid nitrogen 
for quick chilling. This material ,  a f te r  careful  pul- 
verizing to insure the absence of voids and examina- 
tion by X- ray  diffraction, gave a diffraction pa t te rn  
corresponding to the C-form of the acid. 

The original stearic acid, a f ter  r e e r y s t a l l i z a t i o n  
f rom acetone, on examination with X-rays  gave a 
diffraction pa t te rn  corresponding to the B-form al- 
though the orders of reflection were not sharp. 

The diffraction pa t te rns  of all samples of stearic 
acid were compared with those obtained and classi- 
fied with respect to B- or C-spacings by  Francis  and 
Piper  (5) and i l lustrated by  Markley (8). 

Experimental 
The dilatometrie and calorimetric methods and cal- 

culations have been described in previous publications 
(9, 10). The samples of stearic acid were placed in 
cal ibrated dilatometers and subjected in duplicate to 
initial t e m p e r a t u r e s  of --38.59~ and --20.88~ 
Dilation of the samples was continued f rom these 
temperatures  to a tempera ture  approximate ly  8 de- 
grees above their final melting points. Another  set 
of identical samples of stearic acid was subjected to 
the same tempera ture  conditions and p e r i o d i c a l l y  
wi thdrawn for  observations of their  X- ray  diffrac- 
tion patterns.  

The specific heat of stearie acid was measured as 
previously described (10), with the exception that  a 
calorimeter constructed of silver instead of copper 
was employed because of the corrosive action of f a t ty  
acids on the lat ter  metal. Measurements were made 
over a t empera ture  range of 154~ to 352~ 

The X - r a y  diffraction pa t te rns  i l l u s t r a t i n g  the 
marked  differences between the spacings of the B- 
and C-forms of stearic acid are shown in Figure  1. 

FIG. 1. X - r a y  d i f f r a c t i o n  p a t t e r n s  o f  s t e a r i c  a c i d .  ( 1 )  a n d  
( 2 )  a r e  t h e  B - f o r m  a s  c r y s t a l l i z e d  f r o m  a c e t i c  a c i d  a n d  ben -  
zene,  r e s p e c t i v e l y .  ( 3 )  a n d  ( 4 )  a r e  t h e  C - f o r m  as  c r y s t a l l i z e d  
f r o n t  t h e  s a m e  s o l v e n t s  r e s p e c t i v e l y .  

The uppe r  half of F igure  1 i l lustrates the charac- 
teristic diffraction pa t t e rn  obtained with stearic acid 
crystallized f rom glacial acetic acid and f rom benzene 
at room tempera tu re ;  the lower half i l lustrates the 
pa t te rn  obtained with the same acid af ter  crystalliza- 
tion f rom hot glacial acetic acid and f rom benzene 
at 54~ These pa t te rns  were made with a General 
Electr ic Diffraction Unit, Model X R D  using Cu Ka 
radiat ion with a nickel filter (0.0007 inches thick) 
and a plate distance of 5 centimeters. 

Expansion and Transition 
The specific volumes of stearic acid at different 

tempera tures  were calculated (11) f rom the expan- 
sion data and f rom the d e t e r m i n e d  density of the 

liquid. The average values for the B- and C-forms 
are shown in Table I and Figure  2. 

Previous to the d i l a t o m e t r i e  observation of the 
polymorphic transition, t ransparen t  crystals repre- 
sentative of the B-form of stearie acid contained in 
capi l lary tubes were immersed in a water  bath  at 
various temperatures  for  visual observation of the oe- 

TABLE I 

Specific Volumes in M i l l i l i t e r s  P e r  Gram of S t e a r i c  A c i d  
a t  D i f f e r e n t  T e m p e r a t u r e s  

T e m p e r a t u r e  ~ C. B-Spacing C-Spacing 

- -20.88 
- -18 .29  
- -16.92 
- -14 .75  
- -10.19 
- -  5.45 
- -  1.70 
+ 1 1 . 7 8  

15.70 
21.10 
27.00 
30.41 
34.68 
37.56 
39.96 
44.79 
51.12 
60,05 
64.08 
67.84 
68.59 
70.00 
72,00 
76.18 

0.9473 
0.9477 
0.9483 
0.9488 
0.9500 
0.9510 
0.9523 
0.9558 
0.9570 
0.9586 
0.9603 
0.9614 
0.9633 
0.9835 
0.9847 
0.9873 
0.9911 
0.0978 
1.0026 
1,0150 
1,0275 
1.1780 
1.1801 
1.1842 

1.0446 
1.0448 
1.0455 
1.0461 
1.0468 
1.0486 
1.0500 
1.0534 
1.0547 
1.0560 
1.0522 
1.0504 
1.0436 
1.0411 
1.0418 
1.0278 
1.0299 
1.0111 
1.0122 
1.0191 
1.0263 
1.1780 
1.1801 
1.1840 

currence of any  transition. The B-form of crystall ine 
stearie acid rap id ly  became opaque, with apparen t  
retention of original shape, at a minimum tempera-  
ture of 52.9~ The X - r a y  diffraction pa t t e rn  of 
these opaque crystals exhibited both B- and C-spac- 
ings. Transi t ion to the form exhibiting a C-spacing 
was completed by  holding the crystals at 52.9~ for 
a short time. This tempera ture  of t ransi t ion is essen- 
tially the same (53.0~ as that  reported by  Thi- 
baud and La  Tour  (3). 

The transi t ion f rom the B- to the C-form of stearic 
acid was found to occur much below 52.9~ if suf- 
ficient time were allowed. In  the course of the dila- 
tion of stearic acid, t ransi t ion of the B- to the C-form 
occurred at 35.2~ when the same was held for 380 
hours in the range 30 ~ to 35.2~ The Volumetric 
change accompanying the transit ion was considera- 
ble, and the occurrence of the transit ion was fu r the r  
confirmed by  X- ray  examination of the sample. 
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The slow transition at 35.20C. is another example 
of reluctant  transit ion and entirely analogous to the 
effect observed by Gibson and Markley (12) in an 
investigation of the dilation of a substi tuted thiazole 
in which a slow transition was noted approximately 
36 ~ below the rapid transition. The transition of 
B-form stearie acid at 52.9~ in reality represents 
the temperature  at which the rate of transition is 
rapid enough to be readily observed. These observa- 
tions lead to the conclusion that  the first break on the 
dilation curve of the B-form of stearic acid repre- 
sents the temperature  a t  which transition proceeds 
rapidly enough to be detected by dilatometric means 
and that the temperature  above which the B-form 
ceases to be stable is certainly below 35.2~ Actu- 
ally, the volumetric increase of stearic acid with in- 
creasing temperature  is greater  af ter  than before the 
completion of the transition. 

Contraction of the C-forms of stearic acid began at 
approximately 25-30~ and con t i nued  at different 
rates until  the samples were within a few degrees of 
the melting point. There was no discernible change in 
the diffraction pat tern  of these samples and the X-ray  
diffraction pat terns of the samples af ter  removal from 
the bath at 38~ and again at 64~ exhibited the 
original C-spacing. Fu r the rn~o re  the heat content 
curve on this material indicated no abnormality. 

The possibility that  the contraction of the (J-form 
resulted f rom the presence of voids in the sample is 
considered to be rather  remote as two different sam- 
ples of stearic acid crystallized in the C-form and 
the quick-chilled sample contracted equally. Also the 
C-form of stearie acid as crystallized from benzene 
at 54~ exhibited contraction. The contraction prob- 
ably resulted from the increased density of the C- 
form of the acid and therefore did not affect the 
(long spacing) diffraction pattern.  A decrease in the 
size of the crystalline particles present is possible 
without a change in the sharpness or number  of or- 
ders of reflection of the diffraction pattern,  according 
to I ta t t iangdi  (13). , 

The irreversibili ty of the polymorphic transition 
of stearic acid (3) f rom the B- to the C-form was 
substantiated by reversing the temperature,  i.e., low- 
ering the temperature  of the dilatometer bath from 
approximately 45~ to 30~ or below the initial 
transition point. The volume changes of the respec- 
t ive samples failed to coincide with the former  abrupt  
changes at 35.2~ which had denoted transition on 
heating. 

Final  melting of all the samples of stearic acid 
occurred at 69.5~ The expansion of this acid in 
both the solid and the liquid states and the melting 
dilation of the B- and C-forms were calculated with 
the results shown in Table II .  

Specific Heat, Heat of Fusion, and Entropy 
Specific Heat.  The specific heat of stearic acid in 

both the solid and liquid states was determined, and 
equations developed from the calorimetric data for 
expressing the specific heat (Internat ional  calories 
per  gram) of stearic acid in terms of temperature  
(degrees C.), which are as follows: 

Solid state (--120 ~ to 65~ Cp ~ 0.4272 q- 0.0018 t 
Liquid state (70 ~ to 78~ Cp ~ 0.4266-}- 0.0018 t 

A comparison of the calculated and experimentally 
determined specific heat of stearic acid is shown in 
Table III .  

T A B L E  I I  

Exp~rJsibi l i ty of Steacic  Acid in the Solid and  L i q u i d  States ,  a n d  
Mel t ing  Di la t ion  of tl~e B- and  C-Forms  

Solid 
Solid 
Solid 

Solid 
Solid 

Liquid 
Liquid 
L i q u i d  
IAquid  
Liquid 

State  Spac ing  

C 
C 
C 

T e m p e r a t u r e  
r a n g e  

- -20 .88  to -}-18.42 
- -20 .38  to -}-18.42 
- -38 .59  t o q -  6.02 

- -20 .88  to q-30.41 
- -38 .59  ~o -}-28.87 

70.0 to 76.18 
70.0 to 76.18 
71.85 to 76.05 
71.85 to 76.05 
70.0 to 76.18 

. I A v e r a g e  
~xpans lo~  x n " o I e. pa slon 
~L/g. /  C. I m l ' / g ' / ~  

I o.oo02~2/-- 
0.000274 J 
0 .0002551  0 .000262  

0 .000275  
0 .000263 0 .000269 

0 .000953 
0 .000990 
0 .000965 
0 .000957 
0 .000998 0 .000973 

Mel t ing  
dilation 
ml . /g .  

0 .1857 a 

0 .2051 
0.2045 

a Calcula ted  f r o m  the  specific -r of the  B - f o r m  after transition 
to the C-form of s tear ic  acid.  

I t  was not possible to obtain an unstable modifi- 
cation of stearic acid in the calorimeter by quickly 
chilling the liquid sample, since the C-form of the 
acid was found to be unaffected by  chilling. 

Heat  of Fusion. The heat of fusion of stearic acid 
was calculated from fusion d a t a  to be 57.5 eals./g. 
The melting point of the stearic acid sample calcu- 
lated from the same data was 342.83~ The melting 
point determined dilatometrically is considered to be 
more accurate. 

There is some discrepancy between this heat Of 
fusion and the data of Garner  and associates (7). 
Stearic acid is omitted from the heat of fusion series 
of the lat ter  workers but  can be interpolated as 52.5 
cals./g. Since their data are all consistent, it would 
follow that if their value for the heat of fusion of 
stearic acid is low, the results are correspondingly 
low for  the other saturated acids. The value of 57.5 
cals./g, appears more correct since this result places 
the molar heat of fusion of stearic acid quite close 
to one-third the molar heat of fusion of the triglycer- 
ide of this acid whereas 52.5 cals./g, indicates a value 
that is s u b s t a n t i a l l y  lower. Moreover prel iminary 
work on palmitie acid indicates a value for the heat 
of fusion of 51.8 cals./g., compared to 50.6 cals./g. 
as reported. 

Entropy.  The molal entropy of s tear ic  acid was 
calculated from the heat capacity data and by the 
extrapolation method of Kelly, et al. (14), using the 
revised data for s tandard substances. These values, 
expressed as entropy units, are : 0~176 15.4 ; above 
90~ 88.7; 298.6~ 104.1. 

Discussion 
The statement has been made by  Francis, Collins, 

and Piper  (15) that  " d u r i n g  the course of this in- 
vestigation we made the interesting and important  
observation that the crystals of fa t ty  acids, with an 
even number  of carbon atoms, which separate from 
glacial acetic acid on recrystallization, show the C- 
crystal spacings whereas the crystals from either ben- 

T A B L E  I I I  

Specific Heat of Stear ic  Acid as  D e t e r m i n e d  
E x p e r i m e n t a l l y  and  by  C'alculation 

Calculated E x p e r i m e n t a l  
T e m p e r a t u r e  Up ffp Deviatio~ 

~ cal./g./oc, e a l . / g . / ~  

160 0 .2236 0.2239 - -0 .0003  
200 0 .2956  0 .2946  q-0.0010 
250 0.3856 0 .3840 -}-0.0016 
300 0 .4756 0 .4754  -4-0.0002 
330 0.5296 0.5291 q-0.0005 
350 0.5650 0.5649 q-0.0O01 
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zene or acetone show the B-spacings on ly . "  In  la ter  
studies these workers (5) found one f a t ty  acid which 
gave B- and C-spacings when crystallized f rom gla- 
cial acetic acid. Also these workers found that  im- 
puri t ies of f rom I to 3% were indicated when an 
aliphatie acid, crystallized f rom benzene, had both 
B- and C-spacings. 

In  view of the data of the present  work it  appears  
that  the t empera ture  at which crystallization of ste- 
aric acid f rom a solvent occurs is the dominant  factor  
with respect to the polymorphic  fo rm obtained, and 
not the type of solvent;  i.e., crystallization below the 
beginning of t r a n s i t i o n  at 35.2 ~ C. for  the B - f o r m  
and above the final t ransi t ion at 52.9~ for the C- 
form. Ei ther  the B- or C-spacing can be obtained 
f rom the same solvent with proper  t empera ture  con- 
ditions. Fur the rmore  to use the crystal  spacing as a 
criterion of the pu r i ty  of f a t ty  acids, it must  be 
known that  the conditions of c r y s t a l l i z a t i o n  were 
such as to give the B-spacing only so that  a mixture  
of B- and C-forms will be a valid indication of the 
degree of pur i ty ,  and not due to polymorphism. 

In  crystal lographic observations of B-form stearic 
acid, t e m p e r a t u r e s  in the range of the re luctant  
t ransi t ion of this acid (35-53~ should be avoided 
since it is in this range that  separat ion of a mixture  
of B- and C-forms f rom the crystallization solvent is 
possible. 

Although results have been obtained only for  ste- 
aric acid, the principles are p robab ly  applicable to 
other even numbered  n-aliphatic acids, as indicated 
by  pre l iminary  results with palmitic acid. 

Summary 
1. Purified stearic acid ( f r e e z i n g  p o i n t  69.20~ 

melt ing point 69.5~ when slowly crystallized f rom 
benzene at  room temperature ,  yielded t r a n s p a r e n t  
monoclinic crystals exhibiting an X- ray  diffraction 
pa t te rn  (long spacing) corresponding to the B-form 
of the acid. Crystall ization of stearic acid f rom hot 
glacial acetic acid resulted in a product  exhibiting 
an X- ray  diffraction pa t t e rn  (shorter  spacing) cor- 
responding to the C-form of the acid. 

2. Rapid chilling of a melted sample of Stearic acid 
likewise yielded a product  exhibit ing the diffraction 
pa t te rn  characteristic of the C-forms of the acid. 

3. The specific volume, expansion in both solid and 
liquid states, and melt ing dilation of stearic acid in 
both B- and C-forms were calculated f rom dilatomet- 
ric data. 

4. The irreversible t ransi t ion of stearic acid f rom 
the B- to the C-form was rap id  and visible at 52.9~ 
but  also occurred at 35.2~ when sufficient t ime was 
allowed for the transit ion to occur. 

5. The fo rm of stearic acid which was obtained was 
found to be dependent  upon the t empera ture  at which 
crystallization occurred. When crystallization was car- 
ried out at tempera tures  below the transi t ion point 
of the acid, the B-form was obtained, and above the 
transit ion point only C-form of the acid was obtained, 
irrespective of the solvent used for crystallization. 

6. The specific heat of stearic acid was determined, 
and equations developed for  expressing the specific 
heat of the acid in both solid and liquid states. F rom 
the calorimetric data, the heat of fusion, and the 
en t ropy of stearic acid were calculated. 
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Oils and Fats 
A. R. Baldwin, Abstractor 

THE M ~ r A C ~  OF SULrO~AT~D Om AND T~  D~mNA- 

ITS ]~]~IULSIO~q'S. Liu-Chiao F u  and Chien-Hon Chen. J. Chem. 
Eng. Chirta 15, 72-80(1948).  Good su l fona ted  oil can be pre- 
pa red  f rom any  vege tab le  oil except  those wi th  h igh  f a t t y  acid 
content  or h igh  unsa tu ra t ion .  Su l fona ted  oils ob ta ined  by sul- 
f o n a t i n g  castor ,  peanut ,  sesame, and  cot tonseed oils show l i t t l e  
difference in sur face  t ens ion ;  the w e t t i n g  powers  of these prod- 
ucts decrease in the order named.  These sulfonate~l oils are 
s a t i s f a c t o r y  for  use in the tex t i l e  indus t ry .  (Chem. Abs. 44, 
353.) 

THE Ott~MIS:~ AND 'Ptt~ ~Orf~ONS]~E~ IN:DUSTIlY. W. L. R e t t~er  
(Buckeye Cotton Oil Co.). Oil Mill Gazetteer 5g (7) ,  34-7 
(1950) .  This  paper  reviews h i s to r ica l ly  the development  of 
the cot tonseed process ing indus t ry .  

HYDI~OPROBIO MObTOLAY]~I~S ADSOI~BLI) F1r163 AQUEOU~ SOLU- 
~'IO~S. E. G. Sha f r i n  and  W. A. Zisman ( N a v a l  Research 
L a b o r a t o r y ) .  J. Colloid Sci. 4, 571-90(1949) .  E x p e r i m e n t a l  
methods  are  descr ibed for  the p r e p a r a t i o n  and e x a m i n a t i o n  of 
hydrophobie  monomolecular  films adsorbed in to  p l a t i n u m  sur- 
faces  f rom aqueous solut ions of p r i m a r y  norma l  a lky l  amines.  
The c r i t i ca l  l imi t s  to hydrophobic  film f o r m a t i o n  and  the 
degree of hydrophob ic i ty  a re  found  to be func t ions  of the 
amine concen t ra t ion  and the  p i t  of the g e n e r a t i n g  solution. 
A definite cor re la t ion  is es tab l i shed  fo r  the  r e l a t i ve  effective- 
ness of these fac to r s  and  the l eng th  of the hydroca rbon  chain 
in  the a l i pha t i c  por t ion  of the amine molecule. The shor t  
chain  amines  (up th rough  dodecyl)  are  found  to be most  ad- 
sorpt ive  in  the a lka l ine  region,  whereas  film f o r m a t i o n  of the 
hexadecy lamine  is l imi t ed  to the h i g h l y  acid regions.  The 
i n t e rmed i a t e  t e t r adeey l ami ne  evinces a t r a n s i t i o n a l  behavior ,  
hav ing  two sepa ra te  p H  regions  f avorab le  to film fo rmat ion .  

OLE&TE SYSTEIVfS ~O~TAINI~G POTASSIUM ~PdI~ORID~. I~r r. ~LOW 
PROP]SRTIES AS A FUNCITI0.I'~ OP S.HEA-I~ING STRESS AT 15 ~ AN]) 
OONSTA]N'T KC[L CK),NC]SNT~ATION. V. VISOOU~ iN]) FXLASTICI BE- 


