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pared with the spectrum of a pure sample of erueyl 
a lcohol  ( 1 3 - d o e o s e n e - l - O L ) .  The two spec t r a  are  
essentially identical, fu r ther  confirming that  the prod- 
ucts from the sodium reduction are highly purified 
long-chain unsaturated alcohols. 

Summary  

Jojoba oil is a liquid wax composed essentially of 
C2o and C22 straight-chain monoethylenic acids and 
alcohols in the form of esters. Sodium reduction of the 
wax f a t ty  esters in jojoba oil yielded quanti tat ively a 
mixture of unsaturated,  long-chain alcohols f rom the 
acid moiety of the jojoba oil. Yields of about 91% 
were obtained in the laboratory-scale experiments and 
82 to 86 for the pilot-plant experiments. Analytical 
data, including detailed infrared spectra information, 
are given for the resulting" product  alcohols. 
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Esters of Hydroxystearic Acids as Primary Low-Temperature 
Plasticizers for a Vinyl Chloride-Vinyl Acetate Copolymer 
H. B. KNIGHT, LEE P. WITNAUER, W. E. PALM, R. E. KOOS, and DANIEL SWERN, 
Eastern Regional Research Laboratory, 1 Philadelphia, Pennsylvania 

T 
H E  USE OF F A T T Y  DERIVATIVES in formulations w i t h  

vinyl chloride resins has usually been limited to 
applications utilizing their properties as stabiliz- 

ers, mold lubricants, or as secondary plasticizers or 
extenders. The principal exception is the use of alkyl 
epoxystearates, which may be considered to be pri- 
mary  plastieizers as well as stabilizers (19, 10) since 
they are highly compatible and efficient, as indicated 
by their effect on modulus, elongation, and tensile 
strength. 

The l i terature contains some mention of esters of 
acyloxystearates as plasticizers and as lubricants. 
Aliphatic esters of diaeetoxystearates (11) and di- 
acetomonoglycerides (16) have been proposed as 
plastieizers for  polyvinyl chloride. The methyl, ethyl, 
n-butyI, and 2-ethylhexyl 12-acetoxystearates have 
been mentioned as plastieizers for  ethyl cellulose (12). 
A series of alkyl aeyloxystearates, in which the alkyl 
is a branched chain (2-ethylhexyl, isopropyl, or 2- 
methylpentyl)  and the acyloxy group (acetoxy, di- 
ethylaeetoxy, propionoxy, or bu tyroxy)  is situated at 
either the 9,10, or 12 position in the chain, has been 
evaluated as lubricants (18). 

Adequate compatibility of a plasticizer with vinyl 
chloride resins depends on the proper  kind, number, 
and arrangement  of polar groups (13). Ester  groups 
are the most effective (15). With dibasic acid esters 
of mono- or po]yhydrie alcohols, the compatibility 
limit is about a total of 26 carbon atoms (8).  With 

1Eas t e rn  Utilization Research and  Development Division, Agr icu l tura l  
Research Service, U. S. Depar tment  of Agricul ture.  

phthalates, adipates, and thiodibutyrates, compatibil- 
i ty decreases as the alcohols increase to a chain length 
of C9-Cll. 

In  this report  it will be shown that  many acyloxy 
and aryloxy compounds prepared from hydroxystearic  
acids are not only pr imary  plastieizers but  impart  out- 
standing low-temperature flexibility when formulated 
with a vinyl chloride-vinyl acetate eopolymer. This has 
been accomplished without any undesirable changes in 
modulus and tensile strength, when compared to simi. 
lar compositions containing di-2-ethylhexyl phthalate. 

Exper imental  

Butyl 12-Acetoxystearate. This was isolated from 
the commercial product  by distillation; b.p. 155~ 
0.05 nlm.; saponification no. 256; acid no. 3.9; n 3o/D 
1.4436. 

Butyl 9,10-Diacetoxystearate. A commercial mate- 
rial prepared from fai r ly  pure 9,1Gdihydroxystearic 
acid was employed as received ; saponification no. 329 ; 
acid no. 3.5; n 3~ 1.4462. 

Butyl 9,10,12-Triacetoxystearate. This was isolated 
from the commercial material  by distillation; b.p. 
194~ mm. ; saponification no. 392 ; acid no. 3.5 ; 
n 3~ 1.4473. 

Methyl 12-Acetoxystearate. Methyl 12-hydroxyste- 
arate was heated and st irred for 3 hrs. at 110 ~ with 
a 100% molar excess of acetic anhydride.  Hot  water 
was slowly added to the st irred reaction mixture  to 
hydrolyze the excess acetic anhydride.  The aqueous 
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layer was discarded, and the oil was washed with 
water  unti l  acid-free and then dried under  vacuum. 
Distillation gave methyl  12-acetoxystearate, h.p. 184- 
186~ ram. ; saponification no. 312; acid no. 4.5; 
n 3~ 1.4429. 

Methyl 9,10-Diacetoxystearate. Methyl 9,10-dihy- 
droxysteara te  was acetylated as described above. Dis- 
tillation gave methyl  9,10-diacetoxystearate, b.p. 203- 
206~ ram.; saponification no. 401; acid no. 1.8; 
n a~ 1.4444. 

Methyl 9(lO)-Acetoxystearate. This compound was 
prepared  by the acetylat ion of methyl  9 (10)-hydroxy-  
stearate (14), b.p. 150~ ram.; saponification 
no. 314; acid no. 2.2; n "~~ 1.4427. 

Butyl 9(lO)-Acetoxystearate. This compound was 
prepared  by the aeetylation of butyl  9(10)-hydroxy-  
stearate ; b.p. 164~ ram. ; saponification no.. 280 ; 
acid no. 1.2; n a~ 1.4428. 

Methyl 9(lO)-Butyroxystearate. Methyl 9(10)-hy- 
droxysteara te  was heated with a four-to-one molar  
excess of  n-butyrie  anhydride,  employing the same 
procedure used for  aeetylat ion;  b.p. 155~ mm. ; 
saponification no. 284; acid no. 1.74; n 3~ 1.4428. 

Butyl 9(lO)-Butyroxystearate. This compound was 
p repared  f rom butyl  9 (10)-hydroxysteara te  and n-bu- 
tyr ic  anhydr ide ;  b.p. 176~ mm. ;  saponifica- 
tion no. 254 ; acid no. 1.4 ; n 3~ 1.4435. 

2-Ethyl-l-Bulyl 9(lO)-Acetoxystearate. 9(10) -Hy-  
droxystearic  acid was esterified with 2-ethyl-l-butanol,  
then aeetyla ted;  b.p. 173~ mm. ; saponification 
no. 254; acid no. 2.2; n :~~ 1.4455. 

n-Octyl 9 (10)-Acetoxystcarate. 9 (10) -Hydroxyste-  
aric acid was esterified with n-octanol and then acety- 
luted; b.p. 189~ mm.;  saponification no. 24I ;  
acid no. 2.2; n a~ 1.4450. 

2-Ethyl-l-Hexyl 9 (lO)-Acetoxystearate. 9 (10) -Hy- 
droxystearic  acid was esterified with 2-ethyl-l-hexanol, 
then acetylated;  b.p. 180~ mm.;  saponification 
no. 240; acid no. 1.1; n 3~ 1.4458. 

Isoctyl 9(lO)-Acetoxystearate. 9(10) -Hydroxys te -  
aric acid was esterified with commercial iso-octyl alco- 
hol, then acetylated;  b.p. 178~ mnL; saponifi- 
cation no. 242; acid no. 1.2; n 3~ 1.4460. 

Butyl 9,10(lO,9)-Hydroxyacetoxystearate. This was 
a commercial  product  p repared  by the acetic acid r ing 
opening of butyl  9,10-epoxystearate ; saponification no. 
223; acid no. 6.5; n 30/D 1.4580. 

Butyl Polyacctoxystearatc. This commercial prod- 
uct is probably  a mixture  of butyl  mono-, di-, and 
tr iaeetoxystearates.  I t  was used as received; saponi- 
fication no. 342; acid no. 3.5; n ~~ 1.4502. 

Isobutyl 9,10-Epoxy-12-Acetoxystearate. The com- 
mercial p repara t ion  was used as received; saponifica- 
tion no. 265 ; acid no. 3 ; n a~ 1.4528. 

2-Ethyl-l-Butyl 12-Acetoxystearate. 12- I Iydroxy-  
stearic acid was esterified with 2-ethyl-l-butanol,  then 
acetylated;  b.p. 178~ ram.; saponification no. 
253; acid no. 1.2; n a~ 1.4453. 

Butyl 12-Acetoxystearate. 12-I tydroxystear ic  acid 
was esterified with n-butanol and acetylated;  saponi- 
fication no. 272; acid no. 1.1; n '~~ 1.4430. 

Butyl 9(lO)-Benzo~cystearate. Butyl  9 (10)-hydroxy-  
s tearate  (0.4m) was dissolved in a mixture  o.f pyr id ine  
(0.5m) and benzene (150 ml.) .  The solution was added 
dropwise with good s t i r r ing to a solution of ben- 
zoyl chloride (0.44m) in benzene (100 ml.) main- 
tained at 25~ The benzene solution of the produc t  
was washed first with water  containing enough hydro.- 

chloric acid to remove the slight excess of pyridine,  
then with aqueous sodium carbonate to remove the 
unreacted benzoyl chloride. Washing with distilled 
water  was continued unti l  the wash water  was neutra l  
to litmus. The solvent was removed, and the product  
was dried by heat ing in a water  bath under  a moder- 
ate vacuum. Disti l lation of the crude mater ia l  gave 
butyl  9(10)-benzoxystearate ;  b.p. 206~ ram.; 
saponification no. 241; acid no. 1.4; n 3~ 1.4754. 

Phenyl 12-Acetoxystearate. 12-Acetoxystearic acid 
was p repared  by  acetylation of the corresponding 
hydroxy  acid. Oxalyl  chloride (0.6m) (19) was added 
dropwise with s t i r r ing to a solution of 12-acetoxyste- 
aric acid (0.32m) in 200 ml. of benzene mainta ined 
at 25~ Af te r  the addition the t empera ture  was 
raised to 65~ and mainta ined there for  two hours 
with st irring. The solution was then placed in a hot 
water  bath, and the benzene and excess oxalyl chlo- 
ride were removed by means of a water  aspirator.  
The 12-acetoxystearoyl chloride (0.32m) was dissolved 
in 200 ml. of benzene and to this solution phenol 
(0.32m), dissolved in pyr idine (0.40m), was added 
dropwise with good stirring, mainta in ing the reac- 
tion t empera tu re  at 25~ The mixture  was then 
poured into water  containing enough hydrochloric 
acid to remove the slight excess of pyridine.  The 
benzene solution was washed with distilled water  
until  the washes were acid-free to litmus. The sol- 
vent was evaporated,  a n d  the crude product  was 
dried under  vacuum in a hot-water bath. The phenyl  
12-acetoxystearate was vacuum-dist i l led;  b.p. 174~ 
0.03 ram.; saponification no. 266; acid no. 4 .5 ;  n 3~ 
1.4730. 

Phenyl 9(lO)-Benzoxystearate. This was prepared  
f rom 9(10)-hydroxystear ic  acid, phenol, and benzoyl 
chloride according to the procedures a l ready described 
in this paper.  The high molecular weight of the prod- 
uct made it necessary to pu r i fy  it by molecular distil- 
lation. The distillate obtained at 250~ microns 
was a light yellow oil; saponification no. 239; acid 
no. 3.4. 

Phenyl-J2-Benzoxystearate. This was p repared  f rom 
12-hydroxystearic acid, phenol, and benzoyl chloride; 
saponification no. 230; acid no. 5.2; n 30/D 1.4820. 

Methoxyethyl 12-Acetoxystearate. This compound 
was p repared  by  esterifieation of 12-hydroxystearic 
acid with methoxyethanol,  followed by  acetylation. 
The vacuum-dried ester had b.p. 170-180~ ram., 
saponification no. 277; acid no 1.9; n 3~ 1.4444. 

Phenoxyethyl 12-Acetoxystearate. 12-Hydroxyste-  
aric acid was esterified with phenoxyethanol,  then 
acetylated;  b.p. 207~ mm.;  saponification no. 
234; acid no. 3.0; n 3~ 1.4762. 

2-Methoxyethoxyethyl 12-Acetoxystearate. 12-Hy- 
droxystearie  acid was esterified with methoxyeth-  
oxyethanol, then acetylated;  b.p. 184~ mm.;  
saponification no. 256; acid no. 3.9; n 3~ 1.4472. 

Ethylene Glycol Di(12-Acetoxystearate). 12-Acet- 
oxystearoyl  chloride was p repared  by acetylation of 
12-hydroxystearic acid, followed by  reaction with a 
100% molar  excess of oxalyl chloride in benzene solu- 
tion, as described above. Esterification with ethylene 
glycol was conducted with pyr idine as  the ,condens- 
ing agent  in benzene solution, also as described above. 
The product  was isolated by  molecular distillation 
at 230~176 microns;  saponification no. 305; 
acid no. 2.3; n 3~ 1.4548. 

Diethylene Glycol Di(12-Acetoxystearate). Diethyl- 
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Proper t ies  of Viny l  Copolymer ( V Y D R )  Plas t ic ized wi th  Long-Chain  Es te rs  

VoL. 36 

Long-chain  ester 

Group  A 
Bu ty l  9 ( 10 ) -acetoxystear~te .................................................... 
B u t y l  9 ( 10 ) -butyroxyste~rate  ................................................. 
Isooctyl  9 (10)  -acetoxystearate ................................................ 
2-Ethyl- l -hexyl  9 ( 10 ) -acetoxystearate ..................................... 
Bu ty l  12-acetoxystearate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Ethyl - l -buty l  12-a.cetoxystearate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Ethyl - l -buty l  9 ( I 0 )  acetoxysteavate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Buty l  12-acetoxystearate (commercial  sample) . . . . . . . . . . . . . . . . . . . . . . .  

Buty l  9 (10)  -beuzoxystearate ................................................... 
Bu ty l  2-acetoxystearate ............................................................ 
E thylene  glycol di  (12-acetoxystearate)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Diethylene  glycol di (12-acctoxystearate)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,2-Propanediol  di (12-acetoxystearate)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,3-Propanediol  di  (12-ace&oxystearate) .................................. 

Group  B 
~ e t h y l  9 (10)  -butyrexystearate  ................................................ 
~[ethoxyethyl 12-acetoxystearate .................. ~ ........................... 
~ e t h y l  9 (10)  -acetoxystearate .................................................. 
Methyl 12 -acetoxystearate ........................................................ 
2-Methoxyethoxyethyl 12-acetoxys~earate ................................ 
Bu ty l  12- (methyladipoxy)  stearas ........................................... 
Phenoxyethyl  12~acetoxystearate ............................................. 
Bu ty l  9,10-diacetoxystear a~e .................................................... 
I sobutyl  9,10-epoxy-12 -aceN)xystearate ................................... 
Pheny l  12-acetoxystearate ........................................................ 
l~e~hyl 9,10-diacetoxystearate  .................................................. 
Bu ty l  polyacetoxystearate  ........................................................ 
Bu ty l  9 ,10,12-t r iacetoxystearate  .............................................. 

Controls  
Di-2-ethylhexyl sebacate ........................................................... 
Di-2 -ethylhexyl azelate .............................................................. 
Di-2-ethylhexyl ad ipa te  ............................................................ 
Di-2-ethylhexyl ph tha la te  .......................................................... 

Tensi le  
s t r eng th  

l b s . / s q ,  i n .  

2130 
2670 
2168 
2330 
2600 
2730 
2660 
2400 
2800 
2750 
2970 
2920 
2940 
2840 

2615 
2820 
2740 
2515 
2710 
2720 
2970 
2540 
2915 
2940 
3000 
2890 
3115 

2670 
2700 
2490 
2830 

E longa t ion  

% 
410 
360 
260 
240 
370 
320 
360 
310 
300 
340 
350 
295 
340 
290 

390 
370 
420 
370 
360 
360 
370 
300 
360 
390 
375 
370 
340 

345 
280 
345 
350 

Modulus  
lOO% 

l b s . / s q ,  i n .  

1060 
1370 
1410 
1450 
1260 
1450 
1435 
1090 
1650 
1510 
1855 
1870 
1910 
1760 

1290 
1140 
1200 

880 
1180 
1300 
1480 
1190 
1520 
1360 
1000 
1670 
1300 

1090 
1170 
1000 
1480 

Clash-Berg 
s t i f fening 

t empera tu re  

~ 
- -67  
--62 
- -60  
- -57  
- -54  
- -54  
--53 
- -46  
--43 
- -37  
- -35  
--35 
- -35  
--35 

- -54  
--51 
- -50  
- -49  
- -46  
- -44  
--33 
--32 
--32 
- -28  
- -26  
- -22  
- -15  

- -61  
- -59  
- -58  
- -29  

Volat i l i ty  ~ i g r a t i o n  
_ weight__loss weight  loss 

3.0 33.1 
23.4 

1.9 22.2 
1.3 22.5 
2.0 23.2 

2.3 16.6 
5.3 21.4 
2.2 17.1 
2.5 15.4 
1.5 16.7 
0.8 15.8 

3.2 23.4 
1.3 20.7 
4.1 20.4 
3.7 19.4 
0.8 18.8 
0.6 15.8 
0.5 13.3 
2.1 10.3 
1.0 8.4 
0.5 13.9 
0.7 8.3 
2.5 6.3 

0.7 24.2 
1.7 22.6 
4.1 23.7 
1.1 6.0 

erie glycol was used instead of ethylene glycol in the 
previous procedure.  The product  was isolated by  
molecular distillation at 230~176 microns;  sa- 
ponification no. 278; acid no. 4.6; n 3~ 1.4548. 

1,2-Propanediol Di(12-Acetoxystearate). 1,2-Pro- 
panediol was used as the glycol. The product  was 
isolated by molecular distillation at 210~176 
microns;  saponification no. 295; acid no. 2.4; n 3~ 
1.4528. 

1,3-Propanediol Di(12-Acetoxystearate). The pro- 
cedure followed was the same as tha t  for  the other 
glycol derivatives, using 1,3-propanediol. The prod- 
uct was isolated by  molecular distillation at 220 ~  
240~ microns;  saponification no. 297; acid no. 
3.5; n 3~ 1.4545. 

Butyl 2-Acetoxystearate. 2-Hydroxystear ic  acid was 
esterified with n-butanol, using toluene as an entrain-  
ing agent  for the water  and 2% perehlorie acid (72%) 
as the catalyst.  The ester was isolated, then acetylated 
by the procedures a l ready described; boiling range 
139~176 ram.; saponification no. 286; 
acid no. 3.0; n 3~ 1.4408. 

Butyl 12-(Methyladipoxy)Stearate. Buty l  12-hy- 
droxysteara te  was p repared  by  esterification of 12- 
hydroxystear ic  acid. Monomethyl adipoyl chloride 
was p repared  f rom monomethyl  adipate by the oxa]yl 
chloride procedure and then condensed with the hy- 
droxysteara te  ester in the presence of pyr idine by the 
described procedure.  Molecular distillation gave a 
p roduc t  collected at 140~176 microns;  saponi- 
fication no. 302; aci& no. 1.8; n 3~ 1.4495. 

Plasticizer Evaluation. The resin used for the plas- 
ticizer investigations was a commercial  copolymer 
(Vinyli te  VYDR)  containing 95% vinyl  chloride and 
5% vinyl  acetate. The s tandard  recipe for mill ing 
and molding was as follows: resin 64.0%, plasticizer 
35%, stabilizer (PbC03)  1.0%. No,re tha t  no mold 
lubr icant  was used (usual ly  0.5% stearie acid) since 
the plasticizers themselves gave good mold release. 

The plasticizer was added to the d ry  mix ture  of 

resin and PbCO3 prior  to milling. The mill ing was 
carried out on a 6 • 12-in. rubber  mill at a temper-  
a ture  of 300~ for approximate ly  8 rain. The 
sheeted resin was then molded in a s t andard  6 • 6 • 
0.075-in. mold. The mold containing the resin was 
first heated at 300~ for  10 rain. without  pressure, 
then pressured to 1,000 pounds per  square inch and 
held for  an addit ional 10 rain. at tile 300~ molding 
temperature .  The mold was then cooled under  pres- 
sure to approximate ly  room temperature .  

All test  procedures were s tandard  ASTM methods, 
with the exception of heat  stabil i ty and migration.  Fo r  
determinat ion of tensile s trength,  ul t imate elongation, 
and 100% modulus, dumbbell  specimens were die-cut 
f rom the molded sheets paral lel  to the mill ing axis 
(2). The measurements  were made on an IP-4  Scott 
tester at a loading rate of 73 pounds per  minute  at 
73~ and 50% relative humidity.  The specimens 
were equilibrated to these conditions for  at least 24 
hrs. pr ior  to test ing (3).  Torsional modulus as a 
funct ion of t empera tu re  was determined with the 
Clash-Berg Stiffness tester (4).  The results are given 
in Table I and Figure  1. 

Migrat ion of the plasticizers f rom the resin was 
measured according to the procedure of Geenty (9) 
by bury ing  a weighed test specimen in adsorbent  
powder consisting of a hydra ted  silica (sold as "s i l ica  
acid, analytical  grade, 100 m e s h " ) ,  and following the 
loss in weight as a funct ion ~f t ime at 30~ The basis 
for this method is the removal  of plasticizer as soon 
as it diffuses to the surface. 

Volati l i ty was deterufined by use of activated car- 
bon (Columbia act ivated carbon 6- to 14-mesh) (5) ; 
the volatilized plasticizer was adsorbed by  the acti- 
vated carbon in a closed container. 

Light  s tabil i ty tests were conducted on molded 
specimens in an Atlas Twin Are WeatherOmeter .  The 
specimens were also subjected to tempera tures  of about 
75~ dur ing  their  exposure. Samples were exposed 
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:FI~. 1. Ctmnge in  modu lus  a~ a func t ion  o f  t e m p e r a t u r e  of  

V Y D R  plast ic ized with 35% 0:~ (1) di-2-ethylhexyl  sebacate ,  
(2) di-2-ethylhexyl  ph tha la te ,  and  (3) t r ie resyl  phosphate .  

for  24, 48, 72, 96, and 144 hrs. and examined for 
changes in color and physical appearance. 

Heat-stabili ty tests were conducted on molded speci- 
mens in an air convection oven at 160~ for 3 hrs. 
The samples were observed for changes in color and 
physical appearance. 

R e s u l t s  a n d  D i s c u s s i o n  

Mechanical Properties. Table I shows the proper- 
ties of VYDR plasticized with the esters of hydro xy- 
stearic acids. For  comparison, the resin plasticized 
with the d i -2-e thylhexyl  esters of sebacic, azelaic, 
adipic, and phthalic acids are also included in the 
table. Most of the compounds compare favorably with 
the controls with respect to tensile strength, elonga- 
tion, and 100% modulus. Table I I  lists the compounds 
tested which were incompatible. 

TABLE IT  

Incompatible Compounds 

n-Octyl 9 (10) acetoxystearate 
n-Bntyl 9,10 ( I 0, 9 ) -hydroxy~cetoxyste~rate 
t)heny[ 9 (10) benzoxystearate 
Phenhrl 12-benzoxyste~rate 

Gradual ly  decreasing the temperature  causes plas- 
ticized compositions eventually to, become stiff and 
brittle. The stiffness increases gradual ly and can be 
measured by observing the change in torsional modulus 
as a function of temperature,  according to the proce- 
dure  of Clash and Berg (6).  These workers arbi- 
t rar i ly  selected a torsional modulus of 135,000 lbs. 
per square inch as the borderline between a rigid and 
a nonrigid material. The temperature  required to 
reach this modulus is the stiffening or Clash-Berg 
temperature.  

Front  F igure  I it is clear that  the plott ing of tor- 
sional modulus as a function of temperature  (stiff- 
ness-temperature relationship) gives a curve which is 
characteristic of the plasticizer used (1).  

The compatible esters described in this s tudy are 
divided into two groups in Table I, A and B, accord- 
ing to the shape of the curve obtained from a log 
plot of torsional modulus versus temperature.  Fig- 
ure 2 is a plot of the limits of modulus as a function 
of temperature  for VYDR plasticized with the com- 
pounds in Group A. These compounds have modulus- 
temperature  curves similar to that  for  di-2-ethy]hexyl 
sebacate (curve 1, Figure  1 ) ;  those in group B, as 
shown in Figure  3, approximate the characteristic 
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TEMPERATURE, eC 
:FIG. 2. L imi t s  of  modu lus  as a f unc t i on  of t e m p e r a t u r e  

for  u  plas t ic ized wi th  the  compounds  in Group " A "  of  
Table  I.  

" S "  curve of di-2-ethylhexyl phthalate (curve 2, 
F igure  1). The important  fact  is that  the compounds 
in group A have a lower rate of change in torsional 
modulus with decreasing temperature  than the com- 
pounds in group B. None of the plastieizers tested 
showed the rapid, undesirable increase in torsional 
modulus with decrease in temperature  exhibited by 
tricresyl phosphate (curve 3, F igure  1). 

Bu ty l  9 (10)-acetoxystearate at the 35% level in the 
resin has the lowest stiffening temperature  we have 
yet observed ( -6 7 ~  In fact, the first seven com- 
pounds in group A, Table I, and the first four  in 
group B, have excellent low-temperature character- 
isties. With  the exception of the last four  compounds 
in group B, all the other long-chain esters are superior 
to di-2-ethylhexyl phthalate in this respect. 

I t  is interesting to note that  all the compounds in 
Group A of Table I have exactly two, ester groups in 
each stearate portion of the molecule, noue of them 
being a methyl ester. This group shows plasticizer 
properties similar to those obtained with aliphatic 
diesters of adipic, azelaie, and sebacic acids. Group 
B consists of methyl esters, aromatic esters, and esters 
containing three or more polar centers (or functional 
groups) in the stearate portion of the molecule. 

Perma~ence. Samples of the milled, molded ,sheets 
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FIG. 3. L i m i t s  o f  m o d u l u s  a s  a f u n c t i o n  of  t e m p e r a t u r e  

fo r  V Y D l ~  p l a s t i c i z e d  w i t h  t he  c o m p o u n d s  i n  G r o u p  " B "  of  
T a b l e  I .  

of plasticized compositions were stored in a constant 
temperature  room at 73~ and 50% relative humid- 
i ty for at least one year. These samples were then 
examined to determine the permanenee of the plasti- 
cizer as indicated by the absence or amount  of sur- 
face exudate. The compounds showing the best re- 
suits in this test are listed in Table I I I .  This surface 

TABLE I I I  
Compatible After 1 Year o.r More 

None to Traee~ of Exudate  

Butyl  9,10,12-triacetoxystearate IMethoxyethyl 12-aeetoxystearate 
Methyl 12-acetoxystearate [Butyl 2-aeetoxvstearat e 
Methyl 9,10-diacetoxystearate IMethyl 9 (10)-aeetoxystearate 
Butyl  12 (methyladipoxy) -stearate I Isobutyl 9, I 0-epoxy-12-acetoxystearate 
Phenyl 12-a.cetoxystearate 12-Ethyl-l-butyl 12-ace~oxystearate 
Butyl 9,10-diacetoxystearate 12-Methoxyethoxyethyl 12-aeetoxvstearate 
Butyl  9 ( 10 ) -aeetoxystearate 1,2-Propanediol di ( 12-acetoxys*s ) 
Methyl 9 (10)-butyroxystearate 1,3-Propanediol di (12-acetoxystearate) 

exudation af ter  aging has been known for  some time 
to be the principal  objection to the use of f a t t y  acid 
derivatives as plasticizers for vinyl chloride resins. 
I t  appears that  this objection can be overcome if the 
f a t ty  acid portion of the molecule contains three or 
more ester groups, two ester groups one of which is 
a methyl ester, or a single aromatic s t ructure  in the 
molecule. 

Buty l  2-acetoxystearate seems to be an exeeption in 
many respects. Pract ical ly all previous tests show 
that  an unsubsti tuted chain of over 8 to 10 carbons 
in length anywhere in a plasticizer molecule gives 
undesirable properties, but  in this compound there is 
an unsubsti tuted chain of 16 carbon atoms. The 
compound has good permanenee and compares very  
favorably with M1 the compounds tested in its other 
physical properties. 

Volatility. As would be expected, the lower molec- 
ular  weight emnpounds have the largest volatilization 
losses. All of the compounds reported here are high- 
boiling compounds, and none of them are objection- 
able in this respect. 

Light Stability. The effect of l ight on the color, 
flexibility, and surface appearance of the molded 
specimens was determined. The tests were carried 
out as described previously in this paper. The fol- 
lowing nine samples showed no change af ter  expo- 
sure for 144 hrs.: methyl 9 (10)-acetoxystearate, butyl  
9 (10) -acetoxystearate, methyl  9 (10) -butyroxystearate,  
2-ethylbutyl 9(10)-aeetoxystearate,  butyl  12-acetoxy- 
stearate, methoxyethyl  12-acetoxystearate, phenoxy- 
ethyl 12-aeetoxystearate, butyl  2-acetoxystearate, and 
phenyl 12-aeetoxystearate. The remainder of the com- 
pounds tested showed a darkening in the color of the 
molded sheets, blistering, and the appearance of exu- 
date on the exposed surface. Under the conditions of 
this test, samples plasticized with di-2-ethy]hexyl 
phthalate showed a tacky surface, discoloration, and a 
loss of flexibility af ter  only 24 hrs. of exposure. 

Heat Stability. The heat stability of the plasti- 
cized specimens was judged by the color change and 
flexibility af ter  3 hrs. of exposure at 160~ Di-2- 
ethylhexyl phthalate develops an intense brown color 
during this test but  with little or no change in flexi- 
bility. The following seven samples showed no change 
in physical properties and only a very  slight color 
change, f rom white to light cream: butyl  9,10-diacet- 
oxystearate, butyl  12-acetoxystearate,  butyl  9(10)-  
acetoxystearate, methyl 9 (10)-butyroxystearate,  butyl  
9(10)-butyroxystearate ,  butyl  2-aeetoxystearate, and 
phenyl  12-aeetoxystearate. The remainder of the 
samples developed a light tan to brown color with 
some loss in flexibility, but  not as pronomtced a color 
change as that  of the control sample, di-2-ethylhexyl 
phthalate. 

Migration. I t  was observed dur ing  the work on 
plasticizer evaluation of epoxy esters (19), as well as 
in the present study, that  compomlds which show 
good low-temperature behavior in plasticized compo- 
sitions always have high migration. Consideration of 
the experimental  data in Table I suggests that  some 
relationship exists between Clash-Berg stiffening tem- 
peratures and loss of plasticizer through migration. 
This apparent  relationshi p is shown by Figure  4. 
Seven o.f the points which do not fall  on the curve 
represent c ompomlds which have major  s t ructural  
differences f rom the compounds on or closer to the 
curve. These compounds are butyl  2-acetoxystearate 
(compound 2), the four  glycol esters (compounds 3, 
4, 5, and 6), and the two esters containing the phenyl  
group in the alcohol segment of the molecule (com- 
p o u n d s  7 and  9). B u t y l  9 ( 1 0 ) - b u t y r o x y s t e a r a t e  
(compound 1) and isobutyl 9,10-epoxy-12-aeetoxyste- 
arate (compound 8) should probably both be nearer  
to the eurve. 

To assume that  such a relationship exists between 
two sets of data obtained in unrelated ways and at 
different temperatures  may at first appear  unreason- 
able. Consideration o.f the Kinetic or Mechanistic 
Theory of Plasticizer Action, as discussed by Doolittle 
(7), Alf rey  (1), Fuoss (17), and others, indicates 
that Clash-Berg temperatures  and migration losses 
may be two different methods of measuring the same 
proper ty  of plasticized resins, that  is, plasticization 
may be dependent on diffusion of the plasticizer mole- 
cule through the otherwise rigid plastic mass. Mi- 
gration is a result  of diffusion to the surface of the 
plastic material, followed by removal by adsorbent. 

A rigid, polymeric material  consists o~ a number of 
polymer molecules (P) ,  each of which possesses sloe- 
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diethylene glyco~ di(12-acetoxysteurate), (7) phenoxyethyl 12- 
acetoxystearate, (8) isobutyl 9,10-epoxy-12-aeetoxystearate, (9) 
phenyl 12-aeetoxystearate. 

Mile points or centers which are capable of exerting 
strong intermoleeular forces (localized dipoles). When 
this interaction is between adjacent  polymer mole- 
cules., aggregates are formed. As the temperature  is 
raised, thermal agitation tends to break up some of 
the aggregates and the polymer becomes less rigid. 
A dynamic equilibrium then exists, which is a fune- 
tion of temperature,  and may be expressed, 

P - - P  P + P  (1) 

aggregation disgregation 

This equilibrium will shift to the right as the temper- 
atnre is raised and to the left  as the polymer is cooled. 
The plasticizer (S) is a relatively low moleeu]ar 
weight molecule which also contains a localized dipole 
or a polarizable center. The molecular motion of the 
plasticizer or its mobility is also a function of tem- 
perature  and may be represented, 

s - s  s + s  (2) 

association nonassociation, 
mobile phase 

In a binary mixture of plasticizer and polymer there 
will be an at traction of specific points: on the polymer 
chain for the plasticizer molecule; this interaction is 
sensitive to changes in temperature  and can be desig~ 
hated by 

P " - s  P + s (3) 

solvation desolvation 

I t  is possible then that plasticizer and polymer mole- 
cules are engaged in continuous equilibrium involving 
all three reactions, dependent upon temperature,  con- 
centration, the s tructure of the molecules involved, 
and the magnitude of the attractive forces. 

The elevated temperatures employed during the 
mixing and milling of the components of the plasti- 
cized composition, with the aeco.mpanying shift of 
equilibrium to the right in equation 1, enables the 
plasticizer molecules to. enter into the polymer lattice 
and establish the equilibrium indicated in equation 3. 

I t  is evident that  to be effective as a plasticizer the 
relatively low-molecular weight compound must be 
able to overcome the polymer-polymer interaction (ag- 
gregation) and to align itself alongside the polar 
center of the polymer. Once this interaction has been 
established and the temperature  is lowered to deter- 
mine the limits of flexibility, then an additional factor  
may intervene;  this has been called "compound  for- 
ma t ion"  (1).  The following diagram may then rep- 
resent the picture for  the entire dynamic equilibria 

P + P (1) 

disgregation 

2 P - S - -  • 2 P ' " S ,  ~ 2 P + 2 S  (4) 
"compound solvation desolvation 

s - s  - " S + s  (2) 
association nonassociation 

As the temperature  is lowered for this system, the 
shift of equilibria to the left  would eventually give a 
rigid material. This is presumed to be the basis for  
the Clash-Berg torisonal-modulus vs. temperature  
curves.. A g'ood low-temperature  plasticizer slows 
down or resists this shift of the equilibria to the left  
as the temperature  is lowered. At  30~ the temper- 
ature at which migration losses are measured, the 
equilibria of this system with such a plasticizer are 
shifted fa r ther  to. the right. This shift  allows the 
mobile plasticizer to diffuse through the plastic com- 
position, eventually reaching the surface where it is 
irreversibly adsorbed by the silieie acid used in the 
migration test. 

In the system described in this paper, it is reason- 
able to assume that  in order for  a low-molecular weight 
molecule to be an efficient plasticizer it must have suf- 
ficient at traction for the polymer molecule to. over- 
come polymer-polymer interaction. I t  must also retain 
enough mobility, by part icipat ing in the equilibria 
shown above, to be able to diffuse through the system 
if it is to impar t  good low-temperature flexibility. 
Unfor tunate ly  this diffusion process will eventually 
bring the plasticizer molecule to the surface of the 
plasticized mass where it can irreversibly migrate to 
strongly polar adsorbents. 

Summary 
Thirty-one acyloxy or aryloxy esters prepared from 

hydroxystearie acids have been evaluated as plasti- 
cizers for  a vinyl chloride-vinyl acetate eopolymer 
(95:5).  Many of them were found to be pr imary  
plastieizers, having outstanding low-temperature per- 
formance when employed at the 35% level. Formu- 
lations with these compounds eompared quite favor- 
ably in tensile properties with those containing the 
di-2-ethylhexyl esters of phthalie, sebaeie, azelaie, and 
adipie acids. Volatil i ty losses were similar to those of 
the four  di-2-ethylhexyl esters. The loss of plasticizer 
through migration was equal to or less. than that  
f rom compositions containing the esters of scbaeie, 

of the plasticized system 
F - - P  

%- 

aggregation 
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azelaie, and adipic acids but was greater  than that  of 
the phthala te  ester. 

A mechanistic seheme of plasticizer-polymer inter-  
action has been presented, proposing tha t  the rate  of 
diffusion of plasticizer through the polymer  mass is a 
controlling factor  in both good low-temperature  per- 
formance and the resul t ing high migrat ion losses. 
Methyl esters, some aromat ic  esters, and esters con- 
ta ining three or more polar  centers have improved 
permanence but  show a more rapid  change in tor- 
sional modulus as the t empera ture  is lowered dur ing  
the determinat ion of the Clash-Berg stiffening tem- 
perature .  
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[ R e c e i v e d  D e c e m b e r  8, 1958]  

New Reactions of Long-Chain Isocyanides  
ERIC ] U N G E R M A N N  and FREDERICK W. SMITH, Armour Chemical Division, Chicago, Illinois 

T HE ISOCYANIDES were discovered about 100 years 
ago by Gautier,  who prepared  them by t rea t ing  
all alkyl iodide with silver cyanide (1). In  the 

late nineteenth century Nef (2, 3) invest igated reac- 
tions of short-chain and aromatic isocyanides with 
many  reagents  such as halogens, acid chlorides, sul- 
fur,  hydrogen, water,  or phosgene. These reactions 
indicated a peculiar type of unsa tura t ion  of the iso- 
cyanide group located entirely at  the terminal  carbon 
a tom;  this is nowadays usually presented by the 
resonance structures:  

Addit ion reactions were reported to take place at the 
negative carbon atom, giving products  with the fol- 
lowing structures:  

/ 

In  1920 Passerini  (4, 5) re-investigated and confirmed 
many  of the results of earlier workers and also dis- 
covered several new reactions. Some typical  reactions 
are shown in Table 1. 

None of the earlier workers  investigated the reac- 
tions of f a t ty  isocyanides. In  our present  studies a 
series of f a t t y  isoeyanides were p repared  by the 
"ea rby lamine  reac t ion"  by heating a p r i m a r y  amine 
with chloroform and potassium hydroxide in a sol- 
vent sueh as ~-butanol: 

C12tI25NH2 + CHCI3 + 3 K O H  > 
C12H2~N -- C + 3KC1 + 3H20 

The reactions of the long-chain isocyanides were stud- 
led with three classes of compounds: halogens, alkyl- 
a t ing agents (e.g., benzyl ehloride, methyl  sulfate) ,  
and acid chlorides. Dur ing  our investigation some 
s tar t l ing differences were observed between the behav- 

1 Presented at Fall 2~/feeting, American Oil Chemists' Society, Chicago, 
IlL, October 20-22, 1958. 

TABLE I 

Reactions of Isocyanides 

1. ArNC + BC}IO ~ RCO.CI:[ = NAt ....................... 
CI 
N 

2. ArNC -1 RCO.CI ----> RCOC ~ NAt .......................... 
C1 C1 
\ I 

3. R C N + C O C I ~  RN ---- C --  CO -- C ---- NI~ ............ 
IV 

4. RNC + I~'MgX ~ / ~ N  ---- C --  MgX ......................... 
5. RNC + C 1 2 ~  RN = CCle ......................................... 

H 
I 

6. RNC + HC1----o RN = C - -  C1 ................................... 
7. R N O +  H2 ~ RNHCHa ........................................... 
8. ArNC + R'CHO + R"COOH ----> ArNItCOCHR'.  .... I 

OCOR" 

Reference 

(4) 

(2) 

(5) 

(6) 
(7) 

(7) 
(7) 
(8) 

ior of the f a t t y  isocyanides and the repor ted behavior 
of the corresponding short-chain'  or aromatic  isoey- 
chides. These are the subject of this paper.  

Experimental 
Preparation of Isocyanides 

All the isocyanides were p repared  by the reaction 
of a p r ima ry  amine with chloroform and potassium 
hydroxide. The prepara t ion  of dodeeylisocyanide is 
used as a typical  example. 

Double-distilled dodeey]amine (370 g., 2 moles) 
was dissolved in chloroform (400 g., 3.3 moles). This 
solution was added slowly f rom a dropping funnel  
to a well-s t i r red solution of potassium hydroxide 
(400 g. 85% pellets, 6 moles) in 1,400 ml. of n-butanol. 

Af te r  all the amine-chloroform mixture  had been 
added, the resul tant  solution was refluxed for  five to 
six hours. Wate r  was added to dissolve the salts, the 
butanol layer  was separated and washed with water.  
The butan(>l was. then s t r ipped under  vacuum, taking 
care to allow the pot t empera tu re  to reach no higher 
than 140~ An inf rared  s pectrunl of the crude iso- 


