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TABLE I I  

Increase In  Ingred ien t  Cost of Mixed Feeds When Fa t  I s  Included 

Pr ice  of 
1~ a~, per  
pound 1% 2% 

3¢ 0 0 
4¢ $0.20 $0.40 
5~ 0.40 0.80 
64 0.60 1.20 
74 0.80 1.60 
8¢ 1.00 2.00 
9(; 1,20 2.40 

Increase  in  Ingred ien t  Co~t in Dollars per  Ton 
for Var ious  Levels of F a t  

3% 4% 5% 10% 

0 0 0 0 
$0.60 $0.80 $1.00 $ 2.00 

1.20 1.60 2.00 4.00 
1.80 2.40 3,00 6.00 
2.40 3",20 4.00 8.00 
3.00 4,00 5,00 10.00 
3.60 4.80 6.00 12.00 

..... lO_¢_ .......... _~.4o ...... 2.30 ..... 4.22 ......... 2.6(2 ............ 7 . q ( )  14.oo 

turing cost. Feeders however are reasonable people 
and are willing to pay higher  prices for  bet ter  qual- 
i ty feeds. Upon proof of quali ty by feeding in their 
own feedlots, resales may be expected. Data of the 
type presented above plus the improvements in phys- 
ical characteristics should suffice to introduce fats 
into our mixed fee~s on a wide scale. Whether  it will 
become a permanent ly  popular  feedstuff remains to 
be seen. Much may depend upon cooperation between 
the fat  and feed industries and upon prices which are 

in line with the nutr i t ive value of the fats. Under 
favorable circumstances the potential use of fa t  is 
enormous. I f  we accept estimates of the total volume 
of commercial mixed feeds in this country  of 35 mil- 
lion tons, a 1% enrichment of all feeds with fat  would 
utilize 700,000,000 pounds of fat. At 3%, an amount 
which most feeds will car ry  without becoming at all 
greasy, over 2 billion pounds could be used. When 
this is compared with the estimated production of in- 
edible tallows and grease for  1951, 2.25 billion 
pounds, the possible significance of current  trends 
may be appreciated. 

Summary 
Fats  are nutr i t ious;  they improve physical charac- 

teristics of feeds, a n d  they have shown their  value 
when used in practical  tests. They present  manufac- 
tur ing problems, but  they also sometimes contribute 
to the ease and efficiency of feed mixing. I f  their  
prices remain within the range which the feed indus- 
t ry  can afford, fats  should become common feedstuffs 
and should be used in large volume. 

The Aliphatic Woolwax Alcohols. A Review 
H. W. KNOL.,* N.V. v/h Wed. D.S. van Schuppen and Zn., Veenendaal, The Netherlands 

W OOLWAX is a mixture of esters of higher  fa t ty  
acids with higher alcohols. The alcohols may 
be divided into three classes: sterols, tr i ter-  

pone alcohols, and aliphatic alcohols. Although much 
ls now known about the composition and s t ructure  of 
the fa t ty  acids, sterols, and " t r i t e rpene  alcohols," ~ 
this is not the case with the aliphatie alcohols, which 
have not had the same extensive s tudy which Weit- 
kamp (24) has made of the fa t ty  acids. 

Recently investigations with urea adduct  have been 
published by  Tru te r  (28) and yon Rudloff (29) ;  
Horn  and Hougen (30) have had results with chro- 
matography whereas Murray  and Sehoenfeld (35) 
are engaged in analysis by  low pressure fractional 
distillation. The results of these  modern analyses are 
very remarkable and will be discussed later. 

Moreover it is obvious that  in several reviews in re- 
cent years the facts, available from li terature,  have 
not always been critically summarized. In some cases 
even corrections of wrong results or wrong conclu- 
sions published long ago have been overlooked! I t  is 
the purpose of this article to draw attention to this 
situation and to remove some of the misunderstand- 
tugs. As each alcohol is considered, the validity of the 
available information will be critically examined. 
They will be dealt with in sequence of increasing mo- 
lecular weight. 

n-Octanol. CsH~70tt. In 1887 Guetta (3) an- 
nounced that  he had isolated octyl alcohol f rom the 
products of distillation of woolwax. Hannau  (4) 
could not confirm this alcohol in distilled woolwax. 
Lewkowitsch (5) imputed this to the fact that  higher 
alcohols form hydrocarbons when distilled, but  he 

* :Present address : lguys de, Beerenbrouchpl61n, Delft, The Netherlands, 
ll~uzieka et r~l. (37, 39) and Curtis c.s. (38) recently demonstrated 

that the " t r i terpene woolwax alcohols" have not the s t ructure  of triter- 
penn alcohols but the cyclopentanoperhydrophenanthrene skeleton of the 
sterols, the side chain attached at the same pointt The three extra 
methyl groups however appear to be located like those in the tri terpenes.  

failed to state tha t  this also holds for octyI alcohol. 
As this alcohol is not mentioned by other investiga- 
tors, it can be ignored. 

Decenol. CloH1,9OH. In 1895 Darmst~dter  and Lif- 
schiitz (7) announced the isolation of an unsatura ted 
alcohol Cleric,OH. Af te r  a year  they recalled this 
communication however (8) as on fu r the r  investiga- 
tion the compound proved to be not an alcohol, but  
lanocerinacidanhydrid.  This alcohol has not been 
mentioned by  other  investigators so that  it was incor- 
rectly included in some recent reviews (22, 23, 26). 

Hendecenol. C~H210H, too, was discovered by  
Darmst~dter  and Lifschiitz (7), who thought  it to be 
the second alcohol in a series of which decenol should 
be the first and lanolinalcohol the third homologuc. 
Af ter  a year  however they announced that  they 
doubted the existence of this alcohol, and fu r the r  in- 
formation was promised (8) bu t  never published. So 
this alcohol also, not being mentioned in other publi- 
cations, was incorrectly included by  War th  (26) and 
Lower (22, 23). 

Dodecenol. C~fHf~OH. Lower (22, 23) is also the 
only reviewer who refers to an unsaturated alcohol 
with 12 C-atoms besides lanolinatcohol. However no 
source of information is given so that  this compound 
can be ignored. 

Lanolinalcohol. CI2Hf.~OH. There is much confu- 
sion in l i terature about  this alcohol. In  1895 Mar- 
chetti  (6) announced the isolation from woolwax of an 
unsaturated alcohol,with 12 C-atoms, which he called 
lanolinalcohol. I t  did not absorb bromine however 
and formed 1% of the woolwax (and not 0.1% as 
RShmann (12) incorrectly recorded).  In  1916 RSh- 
mann (12) described lanocerinacidanhydrid,  a sub- 
stance isolated from carnauba wax by  Stiircke (2) in 
1884 and from woolwax by  Darmst~idter and Lif- 
schlitz (8) in 1895, and mentions that  Lifsehiitz had 
told him that  lanocerinacidanhydrid was identical 
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with the lanolinaleohol of Marchetti. [The comment 
of Kuwata  and Katuno (19) that  Darmstiidter and 
Lifsehiitz had already denied the existence of lano- 
linalcohol in 1896 is not correct. In  the reference 
given by Kuwata  and Katuno, Darmstiidter and Lif- 
schiitz only remark that  decenol previously reported 
by them was identical with lanocerinacidanhydrid 
(7) .] 

Stiircke (2),  Darmst~dter  and Lifschiitz (8),  RSh- 
mann (12), and later  Heiduschka and Nier (13) gave 
similar descriptions of the lanocerinacidanhydrid 
found by  them, which closely resembled the descrip- 
tion of lanolinalcohoI by  Marchetti.  So lanocerinacid- 
anhydr id  was not only considered to be decenot (7) 
bu t  also lanolinalcohol. 

On reading moreover tha t  in 1924 Grassow (13), 
who also isolated lanocerinacidanhydrid,  had already 
stated correctly that Marchetti  was the first to isolate 
this anhydr id  and considered it  to be an alcohol, 2 it 
is incomprehensible that  Lower (22, 23), War th  (26), 
Bourdet  (20), and Schwartz (17) should include this 
"alcohol" in their  review, the more as it is no t  men- 
tioned by other investigators. 

n-Hexa, decanol. C~6Ha~OII, or eetylalcohol. By 
crystallization of the sulfonic acid salts of woolwax 
alcohols v. Cochenhausen (11) succeeded in separat- 
ing a product, which was supposed to have been very  
largely cetylaleohol. The remark of Linder  (16) that 
Cochenhausen definitely identified eetylalcohol in a 
pure state is s trongly exaggerated. Other investiga- 
tors (5, 12) took the possibility of the presence of 
cetylaleohol into account but  obtained no confirma- 
tion of this. Drummond and Baker (14) however 
succeeded in isolating and ident i fying an alcohol in a 
fa i r ly  pure state, which they supposed to be pure  
eetylalcoho] : 

Cetylalcohol Yound by 
D aa~d B 

l~[.p, o f  a lcohol  .......................... 51 ° 50-50.5 ° 
M.p.  of  p h e n y l u r e t h a n  .............. 73-74 72 

I t  has to be said however that these apparent ly  con- 
vincing data are preceded by  the information that  the 
substance was obtained from a fract ion with a boiling 
range of 190-230°C. at 3 ram. pressure. Considering 
that  eetylaleohol has a boiling point of ± 170°C. at 

3 ram. pressure, it cannot be said with any certainty 
that  Drummond and Baker isolated cetylalcohol. This 
doubt is strengthened by  the fact that  Tru te r  (28), 
who claims to have isolated five aliphatic n-alcohols, 
mentions C~s as the lowest members of the series 
found by him, nor  could Murray  and Schoenfeld (34) 
isolate cetylaleohol by  vacuum fractional distillation. 
Most reviewers (16, 21, 22, 23, 26, 27, 28, 32) who men- 
tion cetylaleohol as a woolwax alcohol probably did 
not appreciate the significance of the high boiling 
point given by  Drummond and Baker. 

Lanooctadecanol. C1stt37OH was isolated by  Ku- 
wata and Katuno (19). I t  has a melting point  of 42- 
43°C. (n-octadecanol melts at 59°C.). Therefore it 
has to be considered as an isomeric alcohol of n-octa- 
decanol, suggesting that  the aliphatic alcohols may 
also contain branched-chain molecules, like the wool- 
wax acid fraction. This work has not yet  been con- 
firmed by others. 

Grassow incorrectly referred to Ciott~90tI instead of CleH.o3OH. 

Oleincalcohol. C~sH350H. Linder  (21) states that 
3% of an alcohol can be isolated from woolwax alco- 
hols "when handled p rope r ly , "  which consists mainly 
of eleinalcohol. No data are given however, and this 
alcohol is not reported by others. 

Lanylalcohol. C2~H4o(OH)2 is an odd-numbered,  
unsaturated diol that  does not absorb bromine. I t  was 
isolated by  Kuwata  and Ka£uno (19). This alcohol 
also has still, to be confirmed by  others. 

CarnaubylalcohoI. C2~H4.~OH was found only by  
Darmst~dter  and Lifschiitz (9) in 1896. RShmann 
(12) and later  Heidusehka and Nier  (13) tr ied to iso- 
late this alcohol bu t  in vain. Although no investiga- 
tors other than Darmst~dter  and Lifschiitz have re- 
ported this alcohol, it has still been included in prac- 
tically all reviews (17, 20, 22, 23, 26, 27, 32). War th  
(26) even calls it " t h e  alcohol of woolwax!"  

Cerylalco.hol. C26H~OIt. There is much uncer- 
ta inty regarding this alcohol. Several authors have' 
isolated an impure compound from woolwax alcohols, 
which they supposed to consist mainly of cerylalcohol : 

Author 

Bu l s ln e  ..................................................... 
L e w k o w i t s c h  ............................................ 
D a r m s t ~ d t e r  ~nd  L~fschi i tz  .................... 
yon  C o c h e n h a u s e n  ................................... 
R S h m a n n  .................................................. 
H e i d u s c h k a  a n d  N i e r  .............................. ! 
I ) r u m m o n d  a n d  B a k e r  ............................ 
L e d e r e r  a n d  Ve l luz  .................................. 
n - I t e x a c o s a n o l  ......................................... 

:lYi.p. of 
Reference "ceryalcohol 'P 

in °C. 

(1) ? 
(5) .~7-~s 
( 9 )  77-78 

( 1 1 )  62, 65 
( 1 2 )  70-71 ~ 
( 1 2 )  75.5 
( 1 4 )  72 
( 2 5 )  73-76 

80* 
'~ Truter  (28) wrongly refers to the M.p. found by RShmann as 77°C. 

A typical  example of the general confusion is given. 
While Lewkowitsch thought  to have definitely identi- 
fied eerylaleohol on account of the melting point 57- 
58°C., Drummond and Baker regard their  product,  
melting at 72°C., as too impure to confirm its pres- 
ence. v0n Coehenhausen concluded from his product,  
melting point 62°C., that  it seemed to consist mainly 
of eerylalcohol, bu t  Lindner  (16) thought that yon 
Cochenhausen had, without doubt, identified eerylal- 
cobol. Because of the work of RShmann (12), Led- 
erer and Velluz (25) in a recent review call eerylalco- 
hol the only definitely identified aliphatic alcohol. 
They o~,erlooked however that first, Heiduschka and 
Nier and even Darmst~dter  and Lifschiitz have iso- 
lated a product  with a higher melting point than 
RShmann, second, RShmann himself considered his 
product  to be impure, and third,  l~Shmann (like 
Darmstiidter and Lifsehiitz) was speaking of C27H53 
OtI  and not of C26HssOH. 

The remark of Tru te r  (28) that  " t h e  identi ty of 
cerylalcohol as a single compound cannot be consid- 
ered ser iously"  is perfect ly  right. I t  will be remem- 
bered that  P iper  et al. ( I5 ) ,  who investigated many 
aliphatie alcohols of various origins, showed "cery l -  
alcohol" to be a mixture  of several alcohols and sug- 
gested that  the use of this name be discontinued ex- 
cept perhaps for  a mixture. 

Isocerylalcohol. CzTHs5OH, M.p. 60°C., has been 
repoI~ted only by  Bourdet  (20) as a woolwax alcohol, 
without mentioning however his source of informa- 
tion. It  is bet ter  ignored, as well as myricylalcohol 
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CaoH+~OH and melissylaIcohot C+IH+aOH , mentioned 
as woolwax alcohols by  the same reviewer. 

Unsaturated alcohols. Darmsti idter  and Lifschiitz 
(9) assumed the presence of an unsatura ted alcohol 
other than hendecenol on account of the iodine num- 
ber of a certain fraction. Fu r the r  information, which 
they promised, has not appeared. Lindner  (16) ac- 
cepts the presence of unsaturated aliphatic alcohols 
on account of the iodine number of the optically in- 
active alcohol fract ion isolated by  Drummond and 
Baker, which he thinks are identical with the unsat- 
urated aliphatic alcohols from spermaceti oil. He 
fails however to suppori  his assertions with fu r the r  
details. Other mention of unsaturated woolwax alco- 
hols could not be found. 

I T will be apparent  from the foregoing that  exceed- 
ingly few reliable results have been obtained by 

the classical methods of analysis. The main reason is 
that  the aliphatie woolwax alcohols are a mixture of 
many complex substances, for  which only more mod- 
ern methods of analysis can give reliable results. Ac- 
cordingly, af ter  several yeai~ of silence, recent com- 
munications have appeared, announcing a new period 
of systematic research. By means of modern methods 
of analysis, including urea complex formation, chro- 
matography, and low pressure fractional distillation, 
Tiedt and Tru te r  (31, 40) succeeded in isoiating 5 
normal alcohols, Horn and Hougen (30) could sep- 
arate 5 dihydric alcohols, whereas Murray  and 
Schoenfeld (35) identified 10 branched chain alco- 
hols: six belonging to the group of iso alcohols and 
four  to the ante iso alcohols. These discoveries taken 
together reveal the remarkable fact  that  the aliphatic 
woolwax alcohols are composed of the same four  series 
as the woolwax acids: the normal, hydroxy,  iso, and 
ante iso compounds! 

The Normal Alcohols 
Complex formation with urea has led to the separa- 

tion of a group of saturated aliphatic alcohols f rom 
woolwax (29, 31, 40). Tiedt and Tru te r  (40) claim 
to have isolated and identified C 18, C 20, C 22, C 24, 
and C 26 straight chain alcohols, whose meeting 
points and those of their  acetates agreed with some 
already given in the l i terature.  

As already mentioned, Tiedt and Tru te r  did not 
isolate the precursor of this series, which Drummond 
and Baker (14) claimed to have identified: n-hexa- 
decanol. No evidence of the presence of higher mem- 
bers of this series of alcohols could be obtained b y  
Tiedt and Truter .  

Did Tiedt and Tru ter  mention that  about 20% of 
the unsaponifiable material  formed an addition com- 
plex and that  half of it is formed by  the n-alcohols 
(40), Mur r ay  and Sehoenfeld (35), who also iso- 
lated about 20% of the nnsaponifiable material, did 
not isolate, by  low pressure distillation, any normal 
alcohol but  only branched chain alcohols. Murray  
and Schoenfeld suppose that  the normal alcohols are 
present as major  constituents and tha£ their  presence 
would have been manifest  by  the low-pressure 
method. I t  is probable that  they will be found in 
small amounts in fntermediate fractious, and Murray  
tries to clear up this point definitely. By the urea 
separation method of Weitkamp and Bowman (41) 
Murray  has indeed i,:olated seven normal alcohols 

(36) : Cs, Czo, C:2, C~4, Cz+, Czs and C~o. This method 
depends on the fact  that  when the woolwax alcohols 
are esterified with a branched acid (e.g., iso butyr ic  
acid) the esters of the branched alcohols do not form 
complexes with urea whereas the normal isobutyrates 
do. 

More will be published when the presence of the 
n-alcohols has been confirmed by  their  physical prop- 
erties and long crystal  spacings as well as those of' 
their  acids. The fact that  the aliphatic woolwax alco- 
hols of different groups are characterized by  the same 
distinctive crystal habits as the different groups of 
woolwax acids (36) will be of great  value for the 
demonstration of the presence of the normal alcohols. 

Dihydric Alcohols 
Rudolff (29), also Tiedt and Tru te r  (31) report  the 

separation of a group of dihydric alcohols by  means 
of complex formation with urea, bu t  they are not yet  
identified. They are supposed to be of the same type 
as those obtained by  Horn  and Hougen (30), using 
chromatography. Horn  was able to isolate five 1-2 
diols in a pure  state by  means of vacuum fractional 
distillation : 

Proposed diol formulae 

G+IG+O:+ ..................................................... 
G s H m O ~  .................................................... 
C=~IG~O.~ ..................................................... 
C+..H4+O+ ..................................................... 
C~H~oO~ ..................................................... 
n-Octadeeane-I : 2-dlol (synthetic) 
C+IsH,,+O:, ............... ...................................... 

1VI.p. °C. _ _ _ _ _ _  
83.7-84.4 M.p. of acetate  

74.0-75 16-7 
80.5-81.0 26-7 
84.0-84.5 33.3-33.8 
85.5+86.0 I 37.5-38.5 

81.0-81.8 1 38.5-38.7 

Horn  was able to isolate about 5% of tile non- 
saponifiable fract ion of woolwax as dihydrie alcohols. 
This amount  was in agreement with that  found by  
Tru ter  (31) (+__4%). Oxidation of each diol with 
periodic acid yielded nearly one equivalent of formal- 
dehyde, thus ident ifying them as 1 : 2  diols. For  the 
identification of the exact structure,  n-octadeeane- 
l : 2 - d i o l  was synthesized, which however showed a 
considerably depressed melting point  with the cor- 
responding natural  diot, indicating that  the natural  
compounds are not of the same series. I t  is supposed 
that  the alkyI chain of the natural  diols may have a 
single methyl  branch. 

Branched Chain Alcohols 
Murray  and Schoenfeld removed the " t r i t e rpene  

a lcohols"  f rom the non-saponifiable fract ion of wool- 
wax with methanol, and the cholesterol with ZnC12 
(35). The remaining fract ion was investigated by 
low-pressure fractional distillation of the acetates 
(35) with a spinning band column (32). I t  is con- 
sidered very  remarkable tha t  no normal alcohols 
could be found. However they were able, af ter  150 
distillations ( l )  to isolate and ident i fy  10 branched 
chain alcohols. They comprise the d e x t r o r o t a t o r y  
ante-iso alcohols ( terminal  group, see-butyl) of odd 
carbon number  C17-C2~ and the iso alcohols ( terminal  
group, isopropyl) of even carbon nmnber  Czo-C2+. 
Murray  and Sehoenfeld account for  22.5% of long 
chain alcohols in the total non-saponifiable fraction, 
including the diols present which they have esti- 
mated to be about 1.5% of the total non-saponifiabl~ 
fraction. The following data were given: 
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)/Lp. 

1 4 - m e - h e x a c l e e a n o ]  C~ ..................... 18 .4  
1 6 - m e - o e t a d e c a n o l  Ch~ ...................... t 27 .5 -3 ]  
1 8 - m e - e i c o s a ~ o l  C.~ ........................... l 40 .1  
20 -me-do~osa .no l  C~.~ .......................... ~ 48 .5  
2 2 - m e - t e t r a e o s a n o ]  C~ ..... . . . . . . . . . . . . . . . .  54 .6  
2 4 - m e - h e x a c o s a n o l  C~.~ ...................... 

] 8 - m e - n o n a d e c a n o ]  C~o ..................... 
2O-me-he~e iaosaa lo l  C2~ ..................... 
2 2 - m e - t r l c o s a ~ o l  C~ ......................... 
2 4 - m e - p e , n t a e o s a n o l  0 ~  .................... 

61.0  

50.3  
57 .1  
62 .4  
67 .2  

Opt. ro~. 

(a )  CDHCla 

+ 4.4  

+ 4 .4  
4 .0  

~ 3 .8  
3.5 

Murray  identified the branched chain alcohols by  
oxidation to the corresponding acids, which appeared 
identical with the branched chain woolwax acids iso- 
lated by  Weitkamp (24), showing also the same dis- 
tinctive crystal habits. A rough indication of the 
distribution of the branched chain alcohols can be 
obtained from the weights of the acetates calculated 
by Murray  from the temperature  record of the dis- 
tilled fraction, which quaEtities include the acetates 
of the diols present (estimated 1.5% of the original 
unsaponifiable material)  : 

14 8 8 ] t 43 37 23 23 37 40 50 50 12 

As can be seen from these figures, a few alcohols 
lower than C~z and higher than C27 are still waiting 
for  purification and identification. 

I t  is striking that  the amounts of aliphatic alco- 
hols which could be isolated from the non-saponifiable 
par t  of woolwax in different ways are in close agree- 
ment :  Tru te r  about 20%, v. Rudloff 21%, and Mur- 
ray and Sehoenfeld 22.5%. Taking into consideration 
that  the sterols form about 30% of the non-saponifi- 
able mat ter  and the " t r i t e rpene  alcohols" about 
25%, there remains an unknown of about 25%, 
which needs fu r the r  investigation. 

Conclusion 

The composition of the group of aliphatic wool- 
wax alcohols has been the subject of investigation 
by  many chemists for  more than 60 years. The fact 
that  woolwax unsaponifiable mat ter  is a very  com- 
plex mixture, containing many compounds differing 
in type and properties, has led to contradictory state- 
merit& The confusion has been increased by  the some- 
times misleading summaries of several reviewers. 

Two periods of research can be distinguished. The 
first period has brought  very few results:  the possi- 
bi l i ty of the presence of unsaturated alcohols, the 
probabil i ty of the presence of branched chain alco- 
hols, bu t  no certainty of the presence of any one 
alcohol. The second period, started af ter  1950, is 
characterized by  systematic research. 

Twenty-two alcohols have been isolated, belonging 
to four  series of alcohols: normal alcohols, diols, iso, 
and ante-iso branched chain alcohols. I t  is striking 
that  none of the investigators mentions the presence 

of unsaturated alcohols. Seven normal alcohols are 
claimed to have been identified, but closer investiga- 
tion on this subject seems desirable. Five 1-2 dihydric 
alcohols have been isolated, the identification of which 
is hampered by the fact that they probably have a 
branched chain. Ten branched chain alcohols have 
been completely identified, six belonging to the ante- 
iso series of odd carbon number, four being isoalco- 
hols of even carbon number. Final ly  circa 25% of 
the wootwax alcohols is still unknown material and 
waiting for further elucidation. 

These systematic investigations of recent years have 
revealed the remarkable fact that the aliphatic wool- 
wax alcohols are composed of the same four series of 
components as woolwax acids, namely:  the normal-, 
hydroxy-, iso, and ante-iso series. Much more has to 
be done however to gain a complete insight into the 
total composition of the aliphatic woolwax alcohols, 
and the words of Lewkowitseh (5) ,  written in 1896, 
still hold good: "the composition of woolwax rep- 
resents perhaps the most interesting amongst the 
many unsolved problems in the chemistry of fats 
a n d  w a x e s .  ~ 
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