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acidity measured. These data of initial free acidity and 
also the results of hydrolysis a t  100" and a t  40" C. are shown 
in Table I. 

The qualitative solubilities of some resins and gums in 
levulinic acid esters have been observed by treating approxi- 
mately 0.5 gram of the substance with the 5-cc. portions of 
the esters. As these solubilities are similar for each group 
of isomers, the esters (Table 11) are grouped in their re- 
spective series-methyl, ethyl, the propyl (G), butyl (C4), 
and amyl (C,) esters. 

TABLE I1 QUALITATIVE SOLUBILITI OF COMMERCIAL GVMS 
AND RESINS Ilc; THE ESTERS OF LEVULINIC A C I D  

RESIT MET AIL^ E T H ~ L  Cj  C1 Cn 
- x x  x-Manila - - 

Montol X i - + + +  x x - x x  Kauri 
Pontianac chips x x -  + + + + +  Rosin 
Bone-dry shellac 
Bakelite (VIECOUB) Gele Gels + + + 

- + + T +  Rezyl 
Sarpee 
Ester gum unoxidized + + + 
Ester gum: oxidized X + + + + 
Albertol copal X + + + T  
Albertol X + + + - t  
Amberol x x + -  + 
Cumar + + + + +  

- - 

- - - - - 

- - - - - 

- x  Dammar 
Varnieh type glyptal + + + X + 
Vinylite 80 
Urea formaldehyde - 

- - - 

Gels Gels Gels Gele Gels - - - - 
+ = completely soluble; - = insoluble; X = partially soluble 

I n  general, it was found that the esters are completely 
miscible with the simple alcohols, immiscible with ethylene 
glycol and glycerol, and miscible with ethers, aldehydes, 
ketones, esters, acids, chlorinated aliphatic hydrocarbons, 
aromatic hydrocarbons, the Cellosolve group, and fatty 
oils. Methyl levulinate differs from the above generalization 
in being completely miscible with ethylene glycol and im- 
miscible with fatty oils. Ethyl levulinate is also immiscible 
with ethylene glycol. 

The tolerance of levulinic acid ester solutions of 1 2 second 
nitrocellulose for dilution with (1) toluene, ( 2 )  S-butyl 
alcohol, and (3) Kemsoline (a commercial petroleum-dis- 

tillate diluent) have been determined by the Hercules Powder 
Company's method for dilution ratios ( 3 ) .  These data are 
given in Table 111. 
TABLE 111. DILUTIOS RATIOS OF SOLUTIOKS OF 1/2 SECOXD 

NITROCELLULOSE 
.4LKlL LEYULIN4TE TOLUENE BUTYL ALCOHOL KEMGOLI\E 

Diln. % Nitro- Diln. % Nitro- Diln. '% Nitro- 
ratio cellulose ratlo cellulose ratio cdlulone 

Methyl 2 . 4 0  
Ethyl  2 85 
.V-DrODVl 3 on 
Isdprip-yl 2 80 
"butyl 3 15 
Isobutyl 2 95 
sec-Butyl 2 75 
N-amyl 3 25 
Isoamyl 3.00 
Methylpropylcarbinol 2 .80  
Diethylcarbinol 3.10 

Mixed amyl 2 . 8 0  
2-Methylbutyl 3 00 

7 . 8  
7 . 2  
7 . 3  
7 . 8  
7 . 7  
8 . 0  
7 . 7  
7 . 4  
8 . 2  
9 . 7  
7 . 9 '  
8 . 0  
8 . 0  

2 . 3 5  
3 . 2 5  
3 . 8 5  
5 . 0 5  
6 . 4 0  
6 .00  
5 . 5 5  
7 . 5 0  
7 . 5 0  
7 . 7 5  
8 .00 
7 . 8 5  
7 . 2 5  

8 . 2  
7 . 4  
8 . 0  
6 . 1  
6 . 4  
6 . 8  
6 . 5  
7 . 2  
7 . 6  
6 . 5  
6 . 5  
7 . 5  
7 . 5  

Immiscible 
0 . 4 5  6 . 9  
0 . 7 5  5 . 9  
0 . 6 0  6 . 3  
1 .o  5 . 3  
0 . 8 5  5 . 6  
0 . 8 5  5 . 7  
1 . 1 5  5 . 1  
1 . 0  5 . 3  
0 . 9 3  5 . 5  
0 . 8 5  5 . 6  
1 .0  5 . 3  
1.1 5 . 0  

DISCCSSIOS OF RESULTS 
An examination of the various data pertaining to the 

propeities of the esters of levulinic acid reveals that the 
better characteristics for most present commercial uses of 
such materials are found in the members of the butyl and 
amyl series. Generally these esters are more stable toward 
water, have lower solubility relations t o  water, and better 
dilution ratios of nitrocellulose solutions than the lower 
homologs. Their solvent powers seem to be as good as 
those of the lower esters. 
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111. Technology of Sucrose Octaacetate and Homologous Esters 
GERALD J. cox, JOHN H. FERGUSON, h?;D 31.4RY L. DODDS 

H E  fact that sucrose has A simplijied conrenienf mefhodfor  theprepara- of  s i m i l a r  c o m p o u l l d s  o f  
been considered prima- tion of sucrose ocfaacefafe in high yield is de- sucrose* 
rily as a food, condiment, The investigation to be re- scribed, together with analogous processes for ported, therefore, is concerned or confection by the layman, 

or as an example of an abundant making octapropionate and with some of the phases of pro- 
disaccharide by the chemist, octabufyrafe. Properties of wdue in the indus- duction of the most promising 

T 
has in most cases f a r  o v e r -  
shadowed its possible use as a 
polyhydric alcohol. The pro- 
d u c t i o n  of esters from this 
compound, utilizing as it does these same alcoholic properties, 
therefore seemed to offer a starting point for the development 
of a group of industrially useful organic products. 

The comparatively low cost and high available tonnage 
of sucrose obtainable in such a high state of purity as is 
commonly found upon the consumer's table also contributed 
to  the belief that such a source material or some of its de- 
rivatives could be used both extensively and advantageously 

trial application of the 
gio,en. 

,ye esters of Sucrose are m e m b e r  of t h e  series-i. e., 
s u c r o s e  octaacetate-together 
with the properties that might 
apply commercially to its use. 

Mention is also made of the properties of the two nest 
highest members of the homologous series-i. e., sucrose 
octapropionate and sucrose octabutyrate. 

Schutzenberger (3)  was the first to acetylate sucrose but 
was able to  obtain only a gummy mass from the process. 
Later Herzfeld ( 1 )  was able to  obtain a crystalline product 
and likewise listed some of its physical characteristics. 
The octapropionate and octabutyrate are new compounds. 

in industrial processes. 
With this idea in mind, and cognizant of the extensive 

commercial use of the esters of allied substances-for ex- 
SUCROSE OCT.4hCETATE 

LARGE-SCALE LABORATORY PRODUCTIOK IN GLASS. The 
ample, cellulose a c e t a t e t h e  lower saturated alipliatic preparation of sucrose octaacetate in 6- to 8-pound lots 
acids were considered as possible reactants for the produvtion was carried out, using the apparatus shown in Figure 1. 
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grams of eorniiierci~il 
iicetic xnhyride (90 per 
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oil-hath temDerilture). 

E 

F 

Y6Y 

cornple te  arid after 
t i le  d i s t i l l a t i o n  of 
acebic acid had bcen 
made, the sirup n-as 
dissolved in toluene 
and heated to boiling 
with s<Jlid hydrated 
lirrrc. All free acid 
was cornpletely neu- 
t r a l i s e d  by  t h i s  

iioiling po in t  of tire 
wlutim was attained. 
Tlic mixture filtered 
readily, atid practi- 
cally all the color was 
r e t a i n e d  in  ill<. 
residue, leaving tile 
tolucne  solutio^^ B 
r c r y  l i g h t  a m b e r  
color. It is possililr 
either to use this solu- 
tion directly in order 
t o i n c o r p o r a t e  the 

rliCthlJd beflire the 

The electric .plate w& shut off as the reaction WIU mpid and corrr11ounrl irrto otller rriaterials of a resinous nature, or by exothermic. li'ifteen hundred grams of grnnulated suerose were 
at tho rate of nbout 10(, grams per concentration of the toluene solutii~~r to crystallize and use 

minute, After all the the acetate as a solid. Although the acetate is of crystalline 
hnd been nddod, the e l e c t r i c  foxm, i t  was found to  changeinto a clear, transparent, cob- 
plat'e was arairl turned on to less glass after fusion and cooling. This property alone 

t'he suggests its use in plastics, resins, and like matkrials, together 
reaction mixture. More acetic 
snhydr ide  (500 g r a m s )  wllB with a variety of rmssible conthinationsinvarious specialized 
poured down the coudenser to comnrercial processes. 
wash into the reac t ion  vf!sSel The melting point of the crystalline solid wss found to he 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ i ~  68" to 69" C., although the observation varied considerably 
tllre was t h e n  oont,inued f o r  with the rate of heating, owing to the high viscosity of the 
10 minutes and t h e  c u r r e n t  compound a t  its melting point. Uecomposition and suhae- 
again shut off. When refluxing quent eltarring occurred at about 285" C., but the compound 
ceased (in about 15 minut,es) 
the solution was with 75 has been distilled unchaiiged a t  2 W  C. in the vacuum 
rams of (iecoioriaing c u r b o o  p~oduced by a Cenco Wyvac oil pump. The density using 

?V uc h 81) and filtered while hot the glasslike resitlous form was found to be 1.28 at 20' C. 
into a 12-liter flask. The s o h  Its viscosity a t  100.2" C. was equal to 29.54 poises. tion was evaporated in U ~ C M  in 
a wntor h:,tt, A sample of t.he product was recrystallieed from alcohol 
d is t i l l a te  ii, five tirnes and its optical rotation measured in chlorofornr. 
occasional drops. The hot sirup The average result was [CY]': = +59.7Y0. i n  comparison 
was poured into about 12 l i ters to tliis result is tlie value [CY]? = +59.6":'riven by Hudson 
of tap water cont,ained in 

-B a 2 4 - l i t e r  &onenma iar 

the 

rapid boilillg 

. 
sirrl stirred v izurous lv  
with a h e a v y - p a d d l b .  
The umter waii poured off 
arid renew-ed. nwl st,irrinlr 

-J 

tion, the water w i s  poured 
off and t,he hard mass w ~ t s  bwken andground in a morttLr. 
It was then washed with tnp wuter on a 12-inch (30.5-cm.) 
stoneware vacuum filter until the washings were entirely 
!ieotrtil to litnius paper. The final product was then dried 
L" B l f .  

The yield secured in this proccss was 2600 to 2730 
grams, or 88 to 92 per cent of theoretical. 

SEMI-PLANT PRODUCTION. The c(~niponnd was also 
made successfully on a semi-plant scale, usirri: a copprr 
still of 20 gallons capacity. The amounts of reactants 
were proportionately the sarrie as tliose used in thc labo- 
ratory production. The working up of the product, 
howewr, was slight,ly different. .After tlie r r a t h n  v a s  
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and Johi~son (a). The refractive index of the fused form of 
the substance was n'2 = 1.4660. 

Home elcctrical properties of sucrose octaiicetate are as 
follows: 

60 C r c ~ c J  108 C I Z L ~ S  IO '  C r c ~ s a  
DieieeLric cooat.  4.3 4.5 4.7 

Xceisfivity = 2 . 5  x 10*rueB"l*m-em 
Puwer factor, ru 12.3 5.8 1.7 

The amount of free acid (acct.ic) cvrit,ained in tlie crystals, 
after washing and drying, averaged in most cases about 
0.03 per cent. The stahility of the con~pouud to vater, made 
by boiling one gram with water for one hour, showed by 
titration that 0.25 per cent of all available acetic acid was 
split off by hydrolysis. In  water at 40" C. for 5 days the 
hydrolysis amounted to 0.20 per cent of the available acetic 
acid. The solnhility of the compound in water was 0.14 per 
oent. It is intensely bitter; between 0.001 and 0.002 mg. 
in one cc. of water can be detected by taste. The solubility 
in other solvents is listed in Table I. 

SUCHOSE OCTAPROPIONATE AND OCTABUTYRA?'E 

Suorose octapropinnate and the octabutyrate were pre- 
The first, a low- pared in a somewhat similar manner. 

Butyl ombitol + 
+ + + 

+ 
+ + + 

Mixed amyl ahloridea + + 
Chloroform + + 
Ethylene dirhlorido + + 
Ethylene ohlorhydrin + + 
Cblorabenrepe + + 
Bensyl dilonde + + 

Turpentine 
Gasoline 

Benryl benmirre 
Benaaldeh yde 

+ - Phi l id  

+ + + + 

- 

+ 
+ + + 
+ + + + + + 
+ + + + 
+ + 
+ + 

a + - oumpietely aulubie; - = iiiroluble 
6 Swells 
I: Emulsifies 

melting crystalline solid, was found to form, aft.er fusion, a 
semi-hard glass readily crystallisa We wken submerged in 
water, although its solubility in this solvent was less than 
0.01 per cent. Its melting point was 45.4" to 45.5" C. and 
its viscosity measured at 48.9O C. was 47.8 poises. The 
density a t  20" was 1.1.849. 

Sucrose octabutyrate, which is an uncrystallizable viacous 
sirup, exhibited a decidedly oily cl~aracter. Its viscosity 
nieasured at 25.9" C. was 32.7 poises. The Saybolt viscosity 
at 210" F. (98.9" C.) was 120 seconds, and at 100' F. (37.8' 
C.), 2400 seconds. The density measured at 20" C. was 
1.1232. Its solubility in water was similar to that of the 
octapropionate-i. e., less than 0.01 per cent. 

The solubilities of the esters of sucrose previously men- 
tioned, as shown in Table I, were found by observing the 
beliavior of 0.5 gram of solute in 5 cc. of solvent. 

Furthcr investigations on the properties and applications 
of these compounds are being undertaken. 
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NITRIC ACID PLANT (see pagc 980) 


