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M e a d  AWdenate  ( 1 1 ~ )  (tenlalive). Treatment of IIb 

ml.)-methanol (25 ml.), as previously described for the 
preparation of IC, gave a solid which, upon recrystallization 
from aqueous methanol, melted at  42-440. The melting point 
remained unchanged upon further crystallizations;  ID + 
56" (c 1.2); positive tetranitrometbane test. 

Anal. Calcd. for CtSHaOl (372.57): C, 80.59; H, 10.82. 
Found: C, 80.34; H, 11.18. 

Acknozuledgment. We are grateful to the Re- 

Research Committee Of the American University 
of Beirut for financial support, and to Professors 
Kenneth Sauer and Leiper Freeman for many 
stimulating discussions. 
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Co-oxidation of mercaptans and styrenes or indene by air in hydrocarbon solution at 0" results in the formation of sub- 
stituted 2-mercaptoethyl hydroperoxides. These hydroperoxides are unstable and are readily converted to the corresponding 
isomeric Zdfinylethanols. The reactions reported may be important in causing hydrocarbon fuel instability. 

Kharasch and co-workerslb were the first to show 
that mercaptans and olefins co-oxidize in an atmos- 
phere of oxygen a t  room temperature to  yield sub- 
stituted 2-sulfinylethanols. For the formation of 
these compounds, Kharasch tentatively suggested 
a chain mechanism with two reaction routes having 
a hydroperoxide and an alkoxy radical intermediate. 

Ford, Pitkethly, and Young2 examined the co- 
oxidation of benzenethiol and indene in greater 
detail. On the basis of peroxide determination, 
they have obtained 2-phenylmercapto-l-indanyl 
hydroperoxide in 77% yield although they did not 
isolate the product. 

In  this laboratory, preliminary studies3 showed 
that, on aeration of hydrocarbon solutions of 
aromatic mercaptans and reactive olefins a t  0", 
the hydroperoxide intermediates of such co- 
oxidation reactions can be isolated. More detailed 
studies of the co-oxidation of mercaptans with 
styrenes and indene, reported here, were made 
primarily to  relate such reactions to the rapid 
peroxidation of cracked petroleum distillates con- 
taining mercaptans and 01efins.~ 

Fonnatim of 2-mercaptoethyl hydroperoxides. Aera- 
tion of hydrocarbon solutioiis containing an aro- 
matic mercaptan and styrene or or-methylstyrene 
or indene, each a t  0.3 mole/l. concentration a t  0", 
resulted in a rapid peroxidation. After a few hours' 
air introduction, almost colorless oils separated. 
These oils contained a high percentage of hydro- 

~ 

(la) Present address: Central Basic Research Laboratory, 

( lb)  M. S. Kharasch, W. Nudenbern, and G. J. Mantell. 
Esso Research and Engineering Company, Linden, N. J. 

-. 
J .  Org. Chem., 16, 524 (1951). 

(2) J. F. Ford. R. C. Pitkethlv. and V. 0. Younn. Tetra- _ .  -, 
hearon, 4, 325 (1958). 

(3) A. A. Oswald, J .  Org. Chem., 24, 443 (1959). 
(4) M. C. K. Jones, Oil and Gas Journal, 49, ( 4 ) ,  88 

(1951). 

peroxide according to  both the iodide5 and the fer- 
rous sulfate6methods. A typical member of these new 
hydroperoxides is 1-(2-a~phthylmercapto)-2-phen- 
yl-Ppropyl hydroperoxide. This was obtained by 
the co-oxidation of 2-naphthalenethiol and a-methyl- 
styrene and hadat m.p of -10" and a peroxide 
content of 850/6'The co-oxidation product of 2- 
naphthalenethiol and iiidene, 2-(2-naphthylmer- 
capto)-l-indanyl hydroperoxide showed exceptional 
stability; and could be isolated as a colorless solid 
in a substantially pure sLate. 

n-Dodecanethiol did not form any hydro- 
peroxide under similar conditions. For example, 
with styrene, no reaction was evident even after 
six hours' aeration at room temperature. However, 
when the reaction mixtxe was irradiated by an 
ultraviolet lamp, 9% 5. ield of solid co-oxidation 
product with a peroxide content of 13% was ob- 
tained after thirty minutes reaction time. 

The above results indicate that the co-oxidation 
of styrenes and indenes with both aromatic and 
aliphatic thiols results in hydroperoxides. The chain 
mechanism of the reaction is supported by earlier 
work on thiol-olefin and co-oxidation. l t 2  

ReaTTangement lo 2-suljinylethanols. The afore- 
mentioned substituted 2-mercaptoethyl hydro- 
peroxides are usually unstable a t  room tempera- 
ture, and rearrange to thc more stable correspond- 
ing 2-sulfinylethanols. The latter are colorless, 
crystalline compounds, niostly melting with de- 
composition (Table I and 11). On the basis of this 

(5) C. D. Wagner, R. H. Smith, and E. D. Peters, Ind. 
Eng. Chem., Anal. Ed., 19, 976 (1947). 

(6) C. D. Wagner, R. H. Smith, and E. D. Peters, Znd. 
Eng. Chem., Anal. Ed., 19, 980 (1947). 

(7) T. Posner, Ber., 38, 646 (1905). 
(8) F. Afihworth and G .  N. Burkhardt, J. Cheni. Soc., 

(9) A. A. Oswnld, J .  Org. Phenn. 25,467 (1960). 
1791 (1928). 
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and some previous work on the structure of 2- 
sulhylethanols,lJ these rearrangements are for- 
mulated as follows: 

R-sa - R-so 9 
HO: €id 

Solutions of 2-mercaptoethyl hydroperoxides 
lost their peroxide content within a few days on 
standing at room temperature. At 40°, the loss of 
peroxide was complete within a few hours. Concur- 
rent with the decrease in peroxide content, the 2- 
sulfinylethanol rearrangement product precipitated 
from the saturated solutions of the corresponding 
hydroperoxides. The isolated liquid hydroperoxides 
solidified on standing a t  room temperature because 
of the rearrangement. The solid 2-(2-naphthyl- 
mercapto)-1-indanyl hydroperoxide is normally 
stable a t  room temperature. 

The transformation of the mercaptocthyl liydro- 
peroxides to  the sulfinylethanols was followed by 
observing the change of the infrared spectra of the 
peroxide intermediates in the presence or absence 
of solvent. For example, in the case of the co- 
oxidation product of indene and Znaphthalene- 
thiol, a comparison of the spectra obtained a t  
different time intervals showed an increase in the 
absorption at about 3 p which corresponds to the 
hydroxy group. An increase in absorption was also 
obtained in the 9-10 p region, where the sulfoxy 
group absorbs. 

When the rearrangement of the hydroperoxide 
intermediate of indene-naphthalenethiol co-oxids- 
tion wm carried out in the presence of 2-(4-chloro- 
pheny1mercapto)-1-indanol, none of the latter 
was oxidized and 2-(2-naphtliylsulfinyl)-l-indanol 
was obtained. This may indicate an intrainolcculzlr 
rearrangement. However, the reactions of the hy- 
droperoxide co-oxidation intermedia te may involve 
radical intermediates. This was suggested by the 
polymerization of styrene by the same hydroper- 
oxide. 

Ponnataon of 2-suljinglctlianols. When solutions 
containing aromatic mercaptans and styrcnes or 
indene were aerated a t  room temperature, the iso- 
meric 2-sulfinylethanols (Table I and 11) precipi- 
tated as colorless crystals. The problem of different 
steric isomers was discussed in detail in the case 
of indene-thiophenol co-oxidation products by 
Ford, Pitkethly, and Young.2 

The co-oxidation of n-dodecancthiol with in- 
dene at room temperature was also examined. 
In this case, ultraviolet light irradiation was neccs- 
sary to form the 2-sulfinylethanol co-oxidation 
product . 

Co-oxidation and fuel instability. From the view- 
point of the chemistry of fuel instability it was of 
interest to  examine the co-oxidation of dilute 
hydrocarbon solutions of aromatic thiols and sty- 
renes or indene on standing in the presence of air. 
Such solutions (cetane, n-heptane, benzene) were 
found to peroxidize rapidly at room temperature 
or at 43'; then their peroxide content slowly 
decreased and crystalline precipitates of substi- 
tuted 2-sulfinylethanols were formed. n-Dodecane- 
thiol and a styrene also co-oxidized to yield 2- 
dodecylsulfinyl-1-phenylethanol. In  solutions con- 
taining indene and aromatic thiols, 2-indany l 
aryl sulfides were also formed as byproducts. 
It is believed that the formation of the addition 
productsg was due to  the inadequacy of oxygen 
supply by diffusion. The color of these hydrocarbon 
solutions containing an aromatic thiol and a rc- 
active olefin remained light (above 25 units on the 
Tag-Robinson colorimeter). The solutions also rc- 
mained close to  neutral, gave no acid number 
values. This showed that sulfonic acid formation. 
which was claimed as one of the main reactions 
causing instability of cracked pctroleum distil- 
lateslOJ1 did not occur a t  all in our %torage experi- 
ments" in synthetic hydrocarbons. 

EXPERIMENTAL 

The reagents used in the experiments were vacuum djs- 
tilled under nitrogen or recrystallized before use. All aera- 
tions were carried out by bubbling in air by means of a Bin- 
tered glm bubbler with 7.5 sq. cm. sintered area into the re- 
action mixture contained in a measuring cylinder. The mer- 
captan concentrations of the reaction mixtures were de- 
tcrmind by potentiometric titration with silver nitrate. 
Peroxide contente were determined by the iodide method.' 

Isolation of hydroperoxide intermediates. Benzenethiol 
(0.1 mole) and styrene or a-methylstyrene or indene (0.1 
mole) were dissolved in 310 ml. of cold n-heptane. The solu- 
tion waa placed into a 500-ml. measuring cylinder with 50 
mm. diameter which was cooled by ice water and sir was 
introduced to the bottom of the reaction mixture for 0 hr. 
By this time, B heavy, viscous, almost colorless oily product 
separated at the bottom of the solution which could be iso- 
lated by decantation of the supernatant phase. 

The yields and hydroperoxide contenta of the productfi 
are shown in the following: 

Per- 
Yield, oxide, 

-Thiol Olefin % % 

Benzene a-Methylstyrcne 52 44 
Benzene Styrene 30 84 

Benzene Indene 33 67 
Chlorobenzene a-Methylstyrene 64 58 

Low temperature co-ozidatwn of 2-naphthalenelhiol and 
indene. A solution of 16 g. (0.1 mole) of Znaphthalenethiol 
and 11.6 g. (0.1 mole) of indene waa prepared in a mixture 
of 100 ml. of benzene and 300 ml. of n-heptane. Air waa in- 
troduced into the solution in n manner described above for 

(10) R. D. Offenhaucr, J. A. Bennan, and R. C. Miller, 

(11) A. L. Williams and R. D. Offcnhaucr, Znd. Eng. 
Inti. Eng. Chern., 49, 1266 (1057). 

Chem., 49, 1259 (1957). 
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4 hr., while the reaction mixturc was cooled by ice water. 
By the end of the 4 hr., 4 g (13%) of a colorless, crystalline 
precipitate wm formed. A peroxide analysis showed this 
product to be 98% 2-(2-naphthylmercapto)-l-indanyl hy- 
droperoxide. This substance melted at 70" with decomposi- 
tion. Attempts to recrystallize it from benzene and chloro- 
benzene resulted in loss of peroxide content. 

Anal. Calcd. for ClrHa02S: C, 73.99; H, 5.23; S, 10.40. 
Found: C, 74.12; H, 5.43; S,10.3. 

Further introduction of air at 0" into the filtrate resulted 
in the separation of a semieolid with a peroxide content 
of 85%. After 6 hr., the cooling was discontinued, but the 
introduction of air was continued for 42 hr. more. At, the 
end of this period, the separated phase, which became 
solid in character, was removed by filtration. In this man- 
ner, 26 g. (84%) of co-oxidation product was obtained in 
addition to the 4 g. obtained previously. However, this prod- 
uct contained only 2% of peroxide. On fractional recrystal- 
lization of the 26 g. of crude product from benzene-n- 
heptane, the 2-(2naphthylsulhyl)-l-indanol isomers which 
are listed in Table I1 at  Formula IV were obtained. 

Some charaderistics of &(~~phthylmereapto) - l - indanyl  
hydroperoxide. (a) Conversion of 8. (2--naphth~~lsuljinyl)-I- 
indurwl. A 100-ml. benzene solution of 9.2 g. (0.03 mole) of 
2-(2-naphthylmercapto)-l-indanyl hydroperoxide showed 
negative peroxide test after standing 16 hr. a t  43" and de- 
posited 3.4 g. (36.8%) of colorless crystals. Recrystallization 
of this substance from benzene yielded a compound melting 
between 138.5-139.5'. A mixed melting point determination 
of this compound with one of the Z(Znaphthylsulfiny1)-1- 
indanol isomers obtained in tbe previous experiment gave 
no depression. 

The hydroperoxide is sensitive to acids. A sample suffered 
violent exothermic decomposition after being stored in a 
desiccator in the presence of sulfuric acid for 10 min. at 2 
mm. From the reddish decomposition product, Z(2-naph- 
thylsulfiny1)-I-indanol isomers of m.p. 157-158' and 138.5- 
139.5' wcre isolated b j  fractional crystallization from ben- 
zene. 

(b) Catalysis of low temperature styrene polymerization. A 
solution of 0.3 g. (0.001 mole) of 2-(2naphthylmercapto)-l- 
indanyl hydroperoxide in 34.6 g. (0.3 mole) of styrene was 
kept in a cold box a t  + 5 O  for 3 months. From the resulting 
very viscous liquid only 75% of thc styrene could be re- 
covered by distillation at 20 mm. from a steam bath. The 
remaining 25% is a solid rubbery substance. Styrene without 
added hydroperoxide in a control experiment could be distil- 
led under the same conditions with 99% recovery. 

Synthesis of ~-~($-chlorophenylmercnpto)-l-indano1.) 4- 
Chlorobenzenethiol (12.8 g., 0.09 mole) and 10.7 g. (0.09 
mole) of indene were dissolved in a mixture of 250 ml. ben- 
zcne and 20 ml. chlorobenzene. The solution was cooled to 
0" and aerated for 4 hr. at this temperature. The resulting 
reaction mixtux was 0.17M with rcspect to pcroxide con- 
centration (51 % yield). 

Using a procedure analogous to that of Ford and co- 
workers,' the fresh peroxide solution was reduced by lithium 
aluminum hydride in refluxing ether medium in an hour. 
Rerrystallization of the raw product from 1 : 1 benzene-n- 
heptane yielded 8.6 g. (6873 of colorless 2- (4-chlorophenyl- 
mereapto)-1-indanol, m.p. 110-112'. 

Anal. Calcd for CloHIPCIOS: C, e5.08; H, 4.73. Found: 
C, 65.20; H, 4.98. 

Attempted ozidatio?t of 2-(~-chlorophen~lmercapto)-l-in- 
d a d  with 2-(6naphthylmercapto)-l-indanyl hydroperoxide 
2-(2-Naphthylmercapto)-I-indanyl hydroperoxide (6.0 g., 
0.02 mole) waa dissolved in a mixture of 600 ml. of benzene, 
150 ml. of chlorobenzene, and 20 ml. of methanol to yield a 
0.02M peroxide solution. To this solution, 4.3 g. (0.015 
mole of 2- (4chlorophenylmercapto)-1-indnnol was added. 
After standing 3 days at room temperature unchanged 2- 
(4chlorophcnylmercapto)-l-indanol, m.p. 110-112' and 
Z(2-naphthylsulfiny1)-1-indanol, m.p. 157-158" were iso- 
lated from the reaction mixtures. 

liearrangement of substituted 2-metcaptoethyl hydroperoxides 
to 9-sulfinylethunols. A 4 g .  sample of the liquid 2-mercapto- 
ethyl hydroperoxide waa allowed to stay for 3 days at room 
temperature, during which time solidification occurred. The 
resulting solid waa fractionally recrystallized from toluene- 
n-heptane to  yield the corresponding isomeric Z9ulfinyl- 
ethanol rearrangement product. For example, 1-(Pchloro- 
phenylmercapto)-2-phenyl-2-propyl hydroperoxide yielded 
1 g. of each of the isomeric l-(4-chlorophenylsulfinyl)-2- 
phenyl-Zpropanols shown in Table I. 

Similar rearrangement reactions were carried out in about 
0.3M benzene (chloroform, tetrahydronaphthalene) solu- 
tion of the mercaptoethyl hydroperoxide in 16 hr. at 43'. 
Using this method from 33 ml. of benzene solution of 3.1 
g. (0.01 mole) of 1-(2-naphthylmercapto)-Zphenyl-2- 
propyl hydroperoxide, map. -10" by the freezing curve 
method, 0.74 g. (27%) of I-(Znaphthylsul6nyl)-Zphenyl-% 
propanol, m.p. 115-118", waa isolated. 

Co-oxidalwn of aromatic mercaptans and reactive olefins 
at room temperature. About 300 ml. of an aliphatic hydro- 
carbon (n-heptane, cetane, straight run petroleum distil- 
late boiling between 70" and 200") solution containing 0.1 
mole of an aromatic (benzene, toluene, chlorobenzene-) 
thiol and a reactive o l e h e  (styrene, a-methylstyrene, in- 
dene) waa aerated (or oxygenated) for 3 days at room tem- 
perature. After a few hours the liquid hydroperoxide started 
to separate. This later became a crystal slurry. More crystals 
were precipitated Rith the progress of co-oxidation. By the 
end of the 3 days' reaction period the peroxide number6 
of the liquid phase of the reaction mixture was less than 5 and 
the mercaptan number (mg. mercaptan S in 100 ml.) less 
than 10. The solid m x i d a t i o n  product8 were separated by 
filtration with suction, recrystallized from toluensn- 
heptane to yield 40-80% yield of mixtures of isomeric 
substituted 2-sul6nylethanols. On fractional recrystallization 
these isomers were separated with about 30% yield loss. 

Some analytical and physical data of the compounds pre- 
pared are shown in Tables I and 11. The infrared spectra of 
the Zsulfinylethanols showed a strong hydroxy absorption 
a t  about 3 pa Absorption peaks in the region between 9-10 
p, where the sulfoxy group absorbs, were at different wave 
lengths depending on the starting mercaptan and olefin. 
The isomers of the same composition showed absorption 
peaks a t  about the same wave length in this region, although 
the relative strengths of these peaks were different. The 
spectra of the isomers also showed minor differences outside 
this region. Minor differences in the wave length of the aro- 
matic absorption peaks in the region between 6.2-6.3~ 
were observed a t  compounds of different composition, but 
not at isomers. Methylene absorption of varying intensity 
a t  about 6 . 8 5 ~  waa observed at all products. The compounds 
derived from indense and aromatic mercaptans in addition 
to this peak showed associated peaks in the same region. 

Co-oxidution of n-dodecanethiol and reactive olefins with 
ultraviolet catalysis. A solution of 20.2 g. (0.1 mole) of n- 
dodecanethiol and 0.1 mole of a reactive olefin (styrene, 
a-methylstyrene, indene) in 300 ml. of n-heptane waa placed 
in a 500-ml. Vycor (95% quartz) round bottom flask Air 
was introduced to the bottom of the reaction mixture through 
a sintered glass inductor, while it waa irradiated by an ultra- 
violet lamp (250 V, lo00 W, 60 cycle: G.E.-9T64Y20) 
placed 4.5 cm. from the flask. When the thiol content bad 
decreased to less than 10% of the original, the reaction mix- 
ture waa cooled by a solid carbon dioxide-ethanol mixture, 
filtered, and recrystallized to yield the substituted 2- 
dodecylsulfinylethanols. 

Using the above procedure, the two crystalline 2-(n- 
dodecylsulfiny1)-1-phenylethanol isomers (Table I, Formiila 
111) were obtained in a total yield of 75% from the co-oxida- 
tion with styrene. The co-oxidation of n-tlodecanethiol with 
a-methylstyrcne and indene yielded only single dodccyl 
sulfoxide isomers in 10% and 31% yield, respectively (Table 
I, Formula V I ;  Table 11, Formula V). 

Perozidatwn of cetane solutions containing mercaptan and 
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s t y e n e  OT indene. A cetane solution (300 ml.) containing 2- 
naphthalenethiol and indene or styrene botch in 0.01 mole/ 
1. concentration wm stored in a 500 ml. open Pyrex (borosili- 
cate glaw) Erlenmeyer flaek at room temperature. A rapid 
peroxidation followed by a decrease in peroxide content as 
measured by the ferrous sulfate methods occurred. Under the 
same conditions, cetane solutions of any of the components 
alone did not show any peroxidation. From the indene-thiol 
solution after 70 hr., some 2-(2-naphthylsulfiny1)-1-indanolJ 
m.p. 138.5-139.5' with decomposition, from the styrene- 
thiol solution after 23 hr., some %(%naphthylsulfinyl)-1- 
phenylethanol, m.p. 145-147' precipitated. 

Similar peroxidation waa observed with indene-thiol 
solutions a t  43'. 

Fonnation of &sulfinylethanol sediments during storage at 
43'. For the study of the role of mercaptan-olefin co-oxida- 
tion in sediment formation accelerated storage tests a t  43" 
were carried out with cetane solutions(300 ml.) containing 

mercaptans and styrene or indenc, each in 0.3 mole/]. 
concentration. In 2 weeks precipitation (0.2-4.Og.) occurred. 
The precipitates, which were only in part crystalline in the 
case of the thiophenol-indene and p-toluenethiol-indene com- 
binations, were all recrystallized from benzene-n-heptane and 
gave the corresponding Zarylsulfinyl-1-indanols shown in 
Table 11. The mother liquors were distilled i n  u a m  and 
yielded about 200 mg. of 2-indanyl phenyl sulfide and 180 
mg. of Zindanyl Ltolyl sulfide, respectively. 
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The thermal stability of tributyl phosphate (TBP) was measured by determining the rate of formation of dibutyl phos- 
phoric acid (DBP) as a function of temperature. Tributyl phosphate decomposed t.0 form 1.27" acid in seventy hours a t  178" 
and 8.4% acid in two hours a t  240'. Stability increased if the alkoxy bonds were replaced with carbon-to-phosphorus bonds; 
the rate of scission of the remaining C - 0  bonds was retarded to a much greater degree than might have been expected 

simply from the statistical reduction in number of C - 0  bonds per molecule. The reaction TBP --t DBP + ClHa was first 
order only in the dilute acid range (up to 3% dibutyl phosphoric acid). The specific reaction rates in this range were: 0.389, 
3.33, 20.1, 27.1, and 132 x 10-7 sec.-l at 178', 198', 221°, 223", and Ma, respectively. From these was calculated an "ap- 
parent" activation energy of 40 kcal. per mole for the formation of dibutyl phosphoric acid by thermal decomposition of 
tributyl phosphate. Butene-1 comprised a t  least 99% of the gases formed in eight hours a t  221'. Minor yields of butanol, 
dibutyl ether, and tetrabutyl. pyrophosphate were obtained, indicating a dealkoxylation mechanism to he occurring in addi- 
tion to the main dealkylation reaction to simultaneously form dialkyl phosphoric acid plus alkene. 

A 

Trialkyl-, alkyl aryl-, and triaryl phosphates are 
remarkably thermally stable compounds a t  tem- 
peratures up to 100°.2 Only a t  elevated tem- 
peratures do they decompose to form unsaturated 
hydrocarbons and phosphorus acids. With pro- 
longed heat at 150' Gamrath, Hatton, and Wees- 
nerz converted Bethylhexyl diphenyl phosphate 
into 2-ethyl-1-hexene and diphenyl phosphoric 
acid. Baumgarten and Setterquists pyrolyzed tri- 
butyl phosphate and many other alkyl phosphates 
at optimum temperatures of 30d35O0 to obtain 
essentially quantitative yields of olefins. Cher- 
buliee, Coidahi, and Rslbinowitz4 also observed 
nearly quantitative formation of octene from the 
pyralysis of trioctyl phosphate. However, no study 

(1) This paper is based upon work performed for the 
United Ststea Atomic Energy Commission a t  thc Oak Ridge 
National Laboratory operated by Union Carbide Corpora- 
tion. 

(2) H. R. Gamrath, R. E. Hatton, and W. E. Wocsner, 
ind. Ens. Chem., 46,208 (1964). 

(3) H. E. Baumgarten and R. A. Setterquist, J .  Am. Chem. 
Soc., 79,2605 (1957). 

(4) E. Cherbuliez, Ct. Cordahi, and J. Rnbinowita, Helv. 
Chim. Acta, 42,690 (1959), 

of the effect of temperature on the rate of decom- 
position has been made. 

It was the purpose of this investigation to deter- 
mine, if possible, the rate constants for dibutyl 
phosphoric acid formation as a result of heat on 
tributyl phosphate a t  several temperatures. The 
experiments were performed under conditions 
whereby the acid formed normally constituted less 
than 10 mole percent because the decomposition of 
trialkyl phosphates was found to be acid cata- 
ly~ed.2.~.5 Mixtures of the alkyl phosphoric acids 
are known to react vigomusly46; Hochwalt, Lum, 
Malowan, and Dyers reported the vacuum distilla- 
tion of a mixture of mono- and diethyl phosphat'es 
a t  200' to yield alcohol, ethylene, triethyl phos- 
phate, and a condensed phosphate residue. Only 
by performing the study in the low acidity range 
where the acid formed was the dialkyl phosphoric 
acid would the desired constants be obtainable. 

It was also of interest to demonstrate the effect 

(5) E. Cherbuliez and J. P. Lebcr, Helv. Chim. Acta 35, 

(13) C. A. Hochwalt, J. H. Lum, J. E. Malowan, and 
644 ( 1952). 

C. P. Dyer, Ind. Eng. C h e w  34,20 (1942). 


