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small thermal  effects are caused by real melt ing or 
by increasing rotat ion in the crystal  lattice. 

According to the observations of Oliver et el. (6),  
it was also found that  D T A  curves often have a long 
" t a i l , "  which points to melt ing processes within a 
t empera tu re  range in which the oil is visually clear. 
For  example, the curve of cottonseed oil (F igure  4a) 
ends at 17~ al though the oil was visually clear 
at 0~ 

Cont ra ry  to W a r d  et al. (8), a metastable fo rm 
was found for a-tung oil (F igure  3a). Appa ren t l y  
this form melts between - 6 0  ~ and - 3 0 ~  but could 
not be obtained in a pure  state because of its low 
stability. Since W a r d  et el. found a melt ing of a-tung 
oil over two pr incipal  t empera ture  ranges (viz.,  for  
the first component  f rom - 4 3  ~ to - 1 0 ~  and for the 

second f rom - 1 0  ~ to +3~ it should be assumed 
tha t  the oil was not completely stable on measuring.  
For  coconut oil (F igure  6c) two forms exist;  when 
cooling rapidly,  the ~-form is obtained, which has a 
final melt ing point of 13~ The t ransi t ion to the 
fl ' -form however obviously starts  below 0~ so tha t  
transit ion and mel t ing  take place s imultaneously and 
none or very  litt le of the a-form can be observed in 
the D T A  curve. 

Remarks 

One of the most interest ing possibilities of the 
D T A  method is the calculation of the heat of melt- 
ing of a sample f rom the actual area  between the 
curve and the base line. I n  the case of fa ts  with 
nar row melt ing ranges (pure  glycerides, cocoa but-  
ter)  a correlation exists between the surface area 
of the curve and the heat of melting. Problems en- 
countered with the establishment of such correlations 
are discussed by  Erikson (9) and other workers. 

Analogous to the determinat ion of melt ing curves, 
it is also possible to plot cooling curves. I n  this case 
the copper block with a sample is first heated and 
subsequently cooled at  a constant rate.  

Summary 

The applicat ion of the differential thermal-analysis  
method for  s tudying  the melt ing behavior of oils and 
fats has proved very  useful. The shapes of the curves 
depend largely on the pretreatment of the fats. From 
these curves, indications regarding the t emper ing  of 
the fats  can be obtained. D T A  curves show the fre- 
quent  occurrence of mixed crystals in fats. The curves 
are sat isfactori ly reproducible,  provided that  a care- 
ful ly identical p re t rea tment  is given. 
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Detergent Bars from Salts of e-Sulfonated TaBiow Acids 1'2 
J. K. WELL, A. J. STIRTON, E. W. MAURER, W. C. AULT, and W. E. PALM, Eastern Regional 
Research Laboratory, '~ Philadelphia, Pennsylvania 

S Y N T I I E T I C  D E T E R G E N T  BAR i s  expected to equal o r  

approximate  the excellent characterist ics of soap 
in soft or moderate ly  hard  water,  to be more 

efficient than soap in very  hard  water,  and perhaps  to 
be useful  ill sea water  as well. Detergent  bars  are 
judged with reference to soap as a s tandard.  F r o m  

consideration of the many  problems encountered in 

1 Presented  in p a r t  a t  the f a l l  meeting, A m e r i c a n  Oil Chemists' Soci- 
ety, Cincinnati ,  Sept. 30-Oct .  2, 1957. 

No. XI  in a series "Synthet ic  Detergents  from Animal  Fa t s . "  For  
No. X see reference (5 ) .  

s One of the Labora tor ies  of tile Eas te rn  Utilization R, esearch and  
Development Division, Agr icu l tura l  R e s e a r c h  Service, U. S. Depar tment  
of Agricul ture .  
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the development of detergent  bars (7, 8, 9, 10), 
such tallow derivatives as a-sulfonated tallow acids, 
R C H ( S O s I I ) C O 2 H ,  or their  salts should be quite 
suitable because of the resemblance to soap in chemi- 
cal and physical properties.  

Acid [RCH(SO~M)CO2H] ,  neutra l  [RCH(SO.~M) 
COzM], or mixed salts [RCH(SOaM)C02M' ]  can be 
made by selective neutral izat ion of the strongly acid 
sulfonic or the weakly acid earboxyl group. Fu r the r  
sodium, ammonium, and subst i tuted ammonium salts 
have been found to differ considerably in solubility 
and surface-active propert ies  (15). Thus mixed salt  
compositions could be useful in synthetic detergent  
bars where controlled solubility is required. Accord- 
ingly the present  repor t  concerns experimental  syn- 
thetic detergent  bars which are 100% active, based 
entirely on seleeted salts of a-sulfonated tallow acids. 

Sat isfactory synthetic detergent  bars could not be 
made f rom either the sodium or potassium salts alone, 
because of their  l imited solubility and decidedly 
crystalline character.  Acid ammonium salts [RCH 
(S03NH4)CO_~H] gave hard  bri t t le  bars with poor 
solubility and lather, and bars f rom acid triethanol- 
ammonium salts were too soft and too readily soluble. 
However  detergent  bars  useful in hard  or sea water,  
with generally a t t rac t ive  cleaning and lathering prop- 
erties, were made f rom salt eombiuations of the fol- 
lowing types:  A, a major  amount  of the disodium 
salt, R C H  (SOaNa)C02Na,  with a lesser amount  of an 
acid t r ie thanolammonium salt, 

R C H  [SOaNH (C2I t40H)  :~] C02H ; 
B, a major  amount  of the monosodium or mono- 
ammonium salt 

[RCH (SOaNa) C02H or R C H  (S0~NH4) C0eH]  
with a lesser amount  of an acid substi tuted-ammo- 
nium salt 

[e.g., R C H  (SOaNH [C2II40H] :;) CO,~It] ; 

C, a major  amount  o.f the monosodium or monoam- 
monium salt with the earboxyl group par t ia l ly  neu- 
tralized by the addit ion of lesser amounts of ammonia  
or amines, or the addition of ammonia  and amines. 
In  this type mixed salt format ion is presumed, in 
the bar  format ion  process, by  reactions such as 

R C H ( S O a N a ) C O 2 H  + NIt .~-  ) 
R C H  (SO3Na) CO2NIt4, or 

R C H  (SO3NH4) C02H + N (C2H4OH) a -----> 
R C H  ( S O.~NH4) CO2NIt (C2H40II)  3. 

Preparation of Salts 
a-Sul~onation. The reaction of liquid sul fur  tri- 

oxide with purified stearic acid, or with distilled hy- 
drogenated tallow acids 4 with carbon tetrachloride 
as the solvent was carr ied out as described in previous 
publications (14). In  some experiments  commercial 
~-sulfopalmitic and a-sulfostearic acids ~ were mixed 
in a rat io corresponding to hydrogenated tallow acids. 

Sodium Salts. A concentrated aqueous sodium chlo- 
ride solution was added in slight excess to a hot 10% 
aqueous solution of the a-sulfonated acid. The crys- 
tallized monosodium salt was extracted with warm 
acetone to remove unsulfonated f a t t y  acid normal ly  
present  to the extent of 0.2-1.0%. Crystall ization 
f rom boiling water  gave an 85-90% yield of the puri-  
fied monosodium salt. 

4 Suppl ied by Wi l son - Mar t i n  Div is ion ,  Wi l son  and  Company ,  Phi la -  
delphia,  Pa .  

Suppl ied by  A r m o u r  Chemical  Div is ion ,  A r m o u r  and  C o m p a n y  ( 2 ) .  

Disodium salts were p repared  by  neutral izat ion of 
the monosodium salt pr ior  to the final crystallization. 

Ammonium Salts. Monammonium salts could be 
p repared  f rom aqueous solution in the same manner  
as the monosodimn salts, but neutral izat ion of an 
alcoholic solution of the a-sulfonated acid with con- 
centrated aqueous ammonia  was a move convenient 
laboratory  method. Af te r  precipi ta t ion the mono- 
ammonium salt was decolorized and reerystallized 
f rom 80% ethanol. 

Substituted Ammonium Salts. Acid tr iethanolam- 
monium salts were p repared  by adding a slight excess 
of t r ie thanolamine to an alcoholic solution of the 
a-sulfonated acid and were purified by  reerystalli- 
zation f rom alcohol and chloroform (15). Ethyl-  
ammonimn ~-sulfostearie acid and ethanolammonium 
a-sulfostearie acid, p repared  in the same way, had 
the following analyses, 6 respectively: calculated for  
C2oH43NO.~S, 3.42% N, 7.83% S ( found 3.35, 7.61); 
calculated for C2oH4~N06S, 3.29% N, 7.53% S (found 
3.26, 7.23). 

Mixed Salts. Sodium ammonium a-sulfostearate 
was p repared  by adding a slight excess of aqueous 
ammonia to a hot aqueous solution of the monosodium 
salt. The reerystallized precipi tate  had the following 
analysis6: calculated for C 1 6 t - I 3 3 C I ~ I  ( S O a N a )  C()2NH4, 
3.47% N, 5.70% Na, 7.95% S (found 3.42, 5.76, 8.32). 

Some propert ies  of ammonium and related salts are 
shown in Table I. The acid ammonium salts and the 
sodium amnlonium salt are the least soluble, the acid 
e thylammonium and ethanolammonium salts have in- 
termediate  solubility, and the acid tr iethanolammo- 
nimn salts are exceedingly soluble. The immediate 
foam height (11) was about 200 mm. in each case, 
but the acid ammoniunl and the sodium ammonium 
salts had the most stable foam. 

TABLE I 

Pr ope r t i e s  of A m m o n i u m  and A l k y l a m m o n i u m  Salts of 
a -Su l fona ted  Acids  

A m m o n i u m  a-sul fopahni t ic  ac id  ................... 
T r i e t h a n o l a m m o n i u m  a su l fopahni t ic  ac id . .  
A m m o n i u m  a-sul fos tear ic  acid  ..................... 
E t h y l a m m o n i u m  a-sul fos tear ie  ac id  ............. 
E t h a n o l a m m o n i u m  a-su l fos tear ic  acid  ......... 
T r i e t h a n o l a m m o n i u m  a-su l fos tear ic  acid ..... 
Sod ium a m m o n i u m  a-su l fos tea ra te  .............. 

Solu- 
bi l i ty  

(g37;00 
ml. ) 

> 2 0 . 1  

Krafft 
po in t  a 
1 %  so- 
lut ion 
(~ 

42 

28 
< 0  
60 

p H  
30 ~ 

o.r% 
solution 

4.0 
4.0 
4.4 
4.4 
4.5 
4.4 
7.0 

a T e m p e r a t u r e  a t  which  a tu rb id  d ispers ion  b e c a m e  clear on g r a d u a l  
hea t ing .  

The Kraf f t  point  is sig4nificant with respect to syn- 
thetic detergents as well as soap. I t  is the tempera-  
ture, somewhat independent  of concentration, at 
which there is a marked increase in solubility with 
concomitant changes in the nature  of the solution. 
The Kraf f t  points of Table I were determined by 
the procedure recommended for soaps (6):  a hot clear 
1% solution was cooled to turbidi ty,  and the homo- 
geneous dispersion was gradual ly  reheated until 
clarification occurred. 

Detergent Bar Formation 
The detergent  bars were generally made on a labo- 

ra tory  scale by means of a two-roll mill and a hy- 
draulic press, but  use of a small-scale plodder and 

S Mic roana lyses  for  N and  S were  p e r f o r m e d  by Miss  L a v e r n e  
Scrogginu.  
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C o m p a r a t i v e  
D e t e r g e n t  b a r  composi t ion,  mole %,  W a t e r  W e i g h t  loss, L a t h e r  in  d i sh  life, 

Type  d r y  bas is  as sal ts  of a - su l fona ted  ( %  by wt . )  H a r d n e s s a  g., in  solu- h a n d w a s h i n g  appearance 
h y d r o g e n a t e d  ta l low acids  bi l i ty  tes t  b test  of wet ted  

su r f ace  

~k .......................................... 

C-1 ....................................... 

C-2 ....................................... 

C-3 ....................................... 

C 4  ....................................... 

C-5 ....................................... 

C-6 ....................................... 

8 0 - R C H  ( S O s N a )  COeNa 
2 0 - R C H  [ S 0 s N H  (C2H4OI-I) 3] COeH 
8 0 - R C H  (SOsNH4)  Co~H 
2 0 - R C H  [ S O s N H  (C2H~OH) a] COeH 
6 0 - R G H  (SOaNa)  C OeH 
4 0 - R C H  ( S O s N a )  CO2Ntt4 
7 0 - R C H  (SO~Na)  C 0 e H  
3 0 - R C H  ( S O s N a )  C02NII:~0eHH4OIt 
8 0 - R C I I  (SO~Na)  C 0 2 H  
2 0 - R C H  ( S OsNa)  C 0 2 N H  (C2H4OH) 8 
7 2 - R C H  ( S O s N a )  COeH 

8 - R C H  ( S OaNa) C 0 2 N H  (C~t t4OIt )  a 
2 0 - R C I . I  ( S O s N a )  CO2NH,  
8 5 - R C H  (SOsNH~)  CO~I.I 
1 5 - R C H  ( S 0 s N H , )  C02NHsC2I.I40I.I 
5 0 - R C H  ( S OsNa)  C 02NIt4  
3 0 - R C H  ( S O s N a )  C 0 s N H  ( C e H 4 0 t t )  s 
2 0 - R C H  ( S 0 ~ N a )  C 0 e t t  

1.7 

1.6 

1.6 

0.5 

3.5 

4.8 

3.2 

4.4 

50 

65 

100 

98 

59 

70 

72 

45 

4.7 

5.9 

0.07 

1.1 

3.6 

1.0 

3.8 

4.3 

flash l a the r  

s o m e w h a t  th in  
f lash la ther  
slow f o r m i n g  
th ick  la ther  
flash l a ther  

f lash la ther  

th ick  copious 
l a the r  
th ick  copious 
la ther  

copious la ther  

cha lky  

cha lky  

no change  

no change  

th in  cha lky  
layer 

v e r y  th in  
cha lky- layer  
s l ight ly  
ge la t inous  

cha lky  

'~ I m m e d i a t e  r e a d i n g  w i t h  Shore  D u r o m e t e r  s ( 1 ) .  b M e a s u r e d  in the De te r -Mete r  s ( 1 6 )  at  l l 0 ~  

s tamping machine showed that  it was also possible 
to use conventional soap bar- forming equipment.  

Mill and Press Experiments. A total  of 60 g. of 
the detergent  salt composition of Type  A or B and 
7 g. of water  was st i rred together manua l ly  and 
allowed to s tand over-night. The procedure was the 
same for  Type  C detergents,  with a total  of 60 g. of 
the monosodium or monoammonium salt  plus a less 
than equivalent amount  of ammonia,  amine, or am- 
monia and amine. 

The following day the moist composition was mixed 
on a two-roll rubber  compounding mill. The rolls 
were dosed dur ing mill ing to simulate the action of 
a multiroll  mill used to process soap. At  the end of 
this operat ion a homogeneous plastic sheet was cut 
f rom the rolls. 

The milled mater ia l  was pressed into experimental  
bars 2 ~  X 1i/2 X 1~ in., with a mass of 18-20 g., a 
volume of 17.0-18.5 ml., and a densi ty  of 1.00-1.15, 
by means of a three-piece, sandwiched mold and a 
hydraul ic  press. 

Plodder and Stamping Machine. Through the kind- 
ness of Leopold Safr iu  7 three pounds of the detergent  
composition A of Table I I  were mixed in a small- 
scale plodder, and the extruded strands were s tamped 
into bars in a hand-s tamping machine. The composi- 
tion, a mixture  of the disodium salt and the acid 
t r ie thanolammonium salt, was found to behave a 
great  deal like soap in the plodder but  had a slight 
tendency to stick to the mold in the s tamping machine. 

This exper iment  demonstrated correlation between 
processes and showed that  synthetic detergent  com- 
positions based on salts of a-sulfonated tallow acids 
were adaptable  to operations in conventional soap 
bar- forming equipment.  

Properties o,f Experimental Detergent Bars 
The proper t ies  which make a detergent  bar  accept- 

able to. the user are difficult to measure in the labora- 
tory. Proper t ies  of the detergent  bar  in use, essen- 
tially the resemblance to soap o,r improvement  over 
soap in lather, cleaning action, feel, dish life, and 
absence of any  dryness or discomfort, may  be rated 
differently, depending on the user ' s  own habits and 
preference. Measurements of foam height and emulsi- 

~ F o r m e r l y  of J .  E a v e n s o n  and  Sons, C a m d e n ;  present address, 
Lightfoot -Schul tz  Soap Company ,  Hoboken ,  N. J .  

fication are probably  helpful  in initial screening but  
cannot correlate with subjective impressions of lather  
and cleaning action. 

Har, dnes s and Solubility. Hardness  and solubility 
are significant propert ies  which can be measured and 
are related to observations in both the bar - forming 
process and the hand-washing tests. 

Hardness  was measured with a Shore Durometer ,  s 
Type  A, following a procedure used to estimate the 
approximate  hardness of rubber  (1). The immediate 
gauge reading is recorded in Table I I .  

Comparat ive  solubility was conveniently measured 
by  use of the Deter-Meter s (16) in a manner  some- 
what  similar to the use of other ins t ruments  to meas- 
ure shampoo performance  (3) and lather quickness 
(4). The experimental  detergent  bar, placed in the 
cage of the Deter-Meter,  s with screens set at minimum 
clearance, and medium stroke length (2 in.),  plunged 
repeatedly  (100 strokes, 60 cycles per  minute)  into 
3,500 ml. of laboratory  tap water  (80 p.p.m.) at 
l l 0 ~  Relative rate of foam generation can be ob- 
served in this process. The detergent  bar  was air- 
dried over-night, and weight loss was recorded as a 
measure of solubility. 

Dish Life. The comparat ive "dish l i f e "  or "slough- 
i n g "  tendency was estimated in a test similar to that  
described by  Tool (13). The detergent  bar  was sup- 
ported in 1/~ in. of hard  water  (300 p.p.nl.), rest ing 
on two ~6- in .  bent stainless steel rods. Af te r  10 rain. 
of contact the appearance of the wetted under-surface 
was an indication of the behavior to be expected in 
use, when the wet detergent  bar  rests in the s0ap dish. 

Water Content. Although the detergent  bar  compo- 
sitions were p repared  with an initial water  content  of 
about 12%, it was found tha t  much of this was lost 
in bar  formation,  par t icu lar ly  in the milling opera- 
tion. The amount  of water : in  the de te rgen t :bar  can 
be regulated somewhat by ~the~ length of t ime in the 
milling operat ion but  was Usuaily less than  5%. A 
greater  water  content decreases hardness and increases 
solubility. 

Irritant Tests. Guinea pig skin and rabbi t  skin and 
eye tests for  i r r i ta t ion and sensitization were carried 
out by F loyd  DeEds  and associates 9 on the detergent  

s Re fe rence  to a m a n u f a c t u r e d  i n s t r u m e n t  does not  imp ly  recom- 
m e n d a t i o n  by  the  U. S. D e p a r t m e n t  of A g r i c u l t u r e  over  s im i l a r  ins t ru -  
men t s  no t  ment ioned .  

P h a r m a c o l o g y  Section,  W e s t e r n  Ut i l iza t ion  Resea rch  and  Develop- 
m e n t  Div is ion ,  A g r i c u l t u r a l  R e s e a r c h  Service,  U. S. D e p a r t m e n t  of 
Agr i cu l tu re ,  A lbany ,  Calif.  
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bars  A, C-1, and C-2 of Table I I  and the salts f r0m 
which they were formed. Detergent  A produced a 
minor degree of i r r i ta t ion in the guinea pig skin test, 
which however was not grea ter  than  that  caused by a 
commercial hand soap. No sensitization occurred, and 
rabbit  skin and eye tests were negative. 

The results of the animal  tests appear  encouraging 
but are prel iminary,  and clinical tests would eventu- 
ally be required. 

Discussion 
The data of Table I I  list the propert ies  of rep- 

resentative detergent  bars of types  A, B, and C. 
Combination of the neutra l  sodium salt and an acid 
subst i tu ted-ammonium salt (A) gave a good deter- 
gent bar, somewhat too soft and readi ly  soluble ex- 
cept in very  hard  water  or sea water. Combination 
of two kinds of acid salts (B) gave detergent  bars 
c, haracterized by a ra ther  thin and nonpersis tent  
lather. 

For  convenience and f rom pract ical  considerations 
most of our experiments  concerned type C composi- 
tions, based on the readily available monosodium 
salt, to which it was only necessary to add vary ing  
amounts of ammonia or amines. A purified mono- 
sodium salt was used, but it may also be possible to 
use a monosodium salt formed directly from the sul- 
fonation reaction without isolation of the a-sulfouated 
acid. 

The hardness, solubility, la ther  characteristics, and 
dish life correlate in a general way. A hardness value 
of about 60 to 80 and a weight loss of f rom 1 to 4 g. 
indicate the best performance.  Toilet soaps and pres- 
ent commercial detergent  bars have values in this 
range. The " f l a s h "  lather  is a readi ly  formed attrae- 
t i re  lather  with larger  bubbles than  is usual for  soap. 
The " t h i ck  copious"  lather  is readily formed and 
more persistent,  with smaller bubbles (F igure  1). 

FIG. 1. Thick copious lather characteristic of detergent  bar  
composition C-5, Table I I .  

The propert ies  conferred by  salt format ion with 
ammonia,  ethylamine, ethanolamine, or triethanol- 
amine are indicated in Table I and shown more 
explicitly in Table II. Partial neutralization with 
ammonia (C-1) gave a hard shiny brittle bar with 

poor milling and molding propert ies  and with a 
thick lather  in spite of limited solubility. Neutrali-  
zation with t r ie thanolamine (C-3), isopropanolamine, 
or t r ie thylamine tends to produce a soft, easily solu- 
ble bar. Neutralization with ethanolamine (C-2) or 
ethylamine tends to give quite satisfactory bars with 
intermediate properties. The best detergent bars of 
Table If, for soft and hard water, are believed to be 
C-4 and C-5. 

Partial rather than complete neutralization of the 
carboxyl group is considered to result in some econ- 
omy, greater plasticity, and an acid pI-I near that of 
the human skin. In some eases a detergent bar com- 
posed only of the neutral mixed salt 

[e.g., RCH (SQNa) CO-_,NH3C2H4OH] 
has desirable propertie~. 

Soap-Syndet Combi~ations. The detergent  bar  com- 
positions are compatible with soap, sodium stearate, 
or stearic acid, in the bar-forming proce~.  Such 
mixtures  have not  beeu very  closely investigated, 
and an oppor tun i ty  exists to discover par t icular ly  
favorable combinations. 

Use in Sea Water. Some of the softer  and more 
soluble bars were useful in sea water. Compositions 
A and C-6 gave thick at t ract ive lathers in sea-water 
hand-washing tests. These detergent  bars were more 
soluble in synthetic  sea water  (13) than  were the 
other compositions of Table I I .  Neutral izat ion of the 
acid sodium or acid ammonium salt with 50 mole 
per cent t r ie thanolamine also gave bars  which per- 
formed well in sea water  but were somewhat soft for 
good milling or molding characteristics. 

Summary and Conclusions 
Exper imenta l  detergent  bars were based entirely 

on selected salts of ~-sulfonated saturated tallow 
acids. Some compositions appear  to meri t  fu r ther  
investigation for the product ion of finished deter- 
gent bars, and an oppor tuni ty  exists for the discov- 
ery of favorable combinations with soap. Geueral 
conclusions are these. 

1. Attractiw: detergent  bars  can be made f rom the nlolio- 
sodium or monoammonimn salt [RCH(SO3M)CO~H] by partial  
neutralization with an amine or mixture of amines. Representa- 
tive bars  had the following compositions in mole percentage, 
anhydrous  bqsis:  a)  72 monosodium, 20 sodium ~mmonimn, 
8 sodium tr ie thanolammonium salts;  b) 85 monoammonium, 
15 ammonium ethanolammonium salts. 

2. Hardness  and solubility can be controlled by water con- 
tent and part icular ly by  choice of the amine and the extent of 
the part ial  neutralization.  Triethanolamine, isopropanolamine, 
and tr iethylamine tend to produce softer  and more soluble 
bars  than  do ethanolamine or ethylamine. 

3. The following compositions were suitable for  detergent 
bars  useful  in sea water :  a) 80 mole percentage of disodium 
20 acid t r ie thanolammonium;  b)  20 monosodium, 50 sodium 
ammonium, 30 sodium tr iethanolammonium. 
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A Survey of Some Plant Waxes of Southern Arizona 1 2  

EDWIN B. KURTZ JR., Department of Botany, College of Agriculture, 
University of Arizona, Tucson: Arizona 

I 
T IS CONI3A:ONLY STATED i n  textbooks that  plants  n a -  

t i v e  to ar id regions possess thick, waxy cuticles. 
P resumably  these help to prevent  water  loss. Can- 

delilla (Euphorbia antisyphilitica) is an outstanding 
example of this general concept, but relat ively little 
informat ion is available about other species indig- 
enous to d r y  and hot climates. In  the present  survey 
42 s p e c i e s  indigenous to southern Arizona were 
studied. Al though some of these species are repre- 
sentative of wide ranges of environmental  conditions 
of altitude, rainfall ,  incident light intensity, tempera-  
ture, and edaphic factors, most of them are f rom 
areas of high tempera tures  ( l l 0 ~  or more) ,  high 
l ight intensities (up to 12,000 foot-candles),  and low 
rainfal l  (12 in. or less per  year ) .  

Experimental 
The species were selected for  the occurrence of wax~ 

like mater ial  or a heavy  bloom on the stems or leaves, 
the occurrence of a thick cuticle, and availabil i ty of 
the species. Several k i lograms of each species were 
collected in the field. Herba r ium specimens were also 
collected for  use in checking identifications. All p lant  
names used are those given in Kearney  and Peebles 
(3).  Leaves f rom both the " f e m a l e "  and " m a l e "  
plants  of three dioecious species were included. In  
p repar ing  samples of Agave parryi var. huachucensis, 
the thick, bloomy epidermal layers were s t r ipped 
f rom the leaves and the remainder  of the leaves dis- 
carded. I n  the case of Asclepias albicans only the 
white bloom tha t  can be readi ly  shaken f rom the 
stems was analyzed al though the yield of wax has 
been expressed on the basis of the d ry  weight of the 
stems. All p lant  mater ial  was air-dried;  the residual 
moisture was less than  5%. 

A modification of the method of Chibnall et al. (2) 
was used to extract  and separate  tile so-called wax 
and nonwax fract ions of each species. The p lant  ma- 
terial  was refluxed for  2 hrs. with petroleum ether 
(B.P. 30-60~ Decantat ion of the extract, followed 
by  several rinses of the p lan t  mater ia l  with fresh hot 
solvent, completed the extraction. The extract  was 
reduced to 250 ml. and 500 ml. acetone were added. 
Af te r  s tanding at 5~ over-night, the acetone-insol- 
uble precipitate,  the wax fraction, was removed by 
filtration and washed with cold acetone. The nonwax 
fract ion was recovered f rom the filtrate by  evaporat ion 
of the solvent. 

1 This survey was  supported by a g r a n t  f rom S. C. Johnson  and  Son 
Inc., Racine, Wis. 
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Yields of both the wax and nonwax fract ions were 
calculated on a d ry-p lan t  weight basis. The yield of 
wax for  a number  of species was also calculated on 
the basis of a s tandard  uni t  of p lant  surface;  that  is, 
the surface area of i g. of d ry  plant  was measured 
with a planimeter ,  and the weight of wax/square  
meter  was calculated. This expression of wax yield, 
which is based on the assumption that  the major  
port ion of wax in a p lant  shoot occurs in the cuticular  
layers, permits  the direct comparison of yields of 
any  plants  because the effect on yield of nonwaxy 
p lan t  s t ructures  is nullified. 

The wax fract ions were characterized physical ly 
by determinat ion of tile drop-point  melt ing point  (1) 
and general color, hardness, and odor. In  a few 
cases the capi l lary-rod-drop melt ing point (4) was 
determined because only small quantit ies of wax 
samples were available. These two procedures gave 
almost identical results. Relative hardness was de- 
termined by comparison with beeswax (soft) and 
refined carnauba  wax (hard) .  The waxes were char- 
acterized chemically by determinat ion of the acid, 
saponification, and Wijs  iodine numbers  (7).  All 
characterization numbers  g i v e n  are the mean of at 
]east three determinations.  

Results and Discussion 
The results of this survey are presented in Table I. 

A species may  rank  very  poorly in regard  to yield of 
wax when the yield is expressed on a plant  weight 
basis, but  the same species may  actual ly have a rela- 
t ively large amount  of wax per  uni t  of p lant  surface. 
Fo r  example, the yield of wax of Asclepias albicans 
and male and female leaves of Simmondsia chinensis 
is very  low on a p lan t  weight basis, but  on the basis 
of yield of wax per  uni t  surface area these species 
r ank  high. Indeed, in comparison with the carnauba  
pa lm (Copernicia cerifera Mart . ) ,  which was found 
to have approx imate ly  4 g. of w a x / m  2 of mature  leaf 
surface, the stems of Asclepias albicans and A. subu- 
lata have cuticles tha t  contain half  as much wax, but  
because of the bulk of nonwaxy tissues in the stems 
of these species, the yield of wax on a weight basis is 
quite low in comparison to the carnauba palm. Thus 
the expression of wax yield on a p lan t  area basis gives 
a much clearer p ic ture  of the physiological produc-  
t iv i ty  of wax of a plant .  

Some effects of sex on p lant  waxes may  be seen by  
compar ing the results for the three dioecious species, 
Baccharis sarothroides, Atriplex canescens, and Sire- 


