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INTRODUCTION 

I n  general,  j e t  f u e l s  d e t e r i o r a t e  i n  q u a l i t y  w i t h  t ime. One o f  the 
s i g n i f i c a n t  undesi rab le changes i s  the format ion o f  i nso lub le  m a t e r i a l  
which can p lug nozzles and f i l t e r s  and coa t  heat exchanger sur faces.  
Deposit format ion i n  f u e l s  i s  t r i g g e r e d  by au tox ida t i on  reac t i ons  and i s  
c l o s e l y  associated w i t h  hydroperoxide concen t ra t i on  (1-3) .  I f  the  a v a i l -  
ab le  oxygen i s  low and the  temperature ra i sed ,  t he  hydroperoxide concen- 
t r a t i o n  w i l l  be l i m i t e d  by f r e e  r a d i c a l  decomposit ion ( 2 ) .  Th i s  regimen 
( low oxygen and inc reas ing  temperature) i s  s i m i l a r  t o  the environment 
found i n  an a i r c r a f t  f u e l  system. 

invo lved i n  depos i t  format ion and the  mechanism of format ion.  Hetero-atoms 
(oxygen, n i t rogen  and s u l f u r )  and ash have been found t o  comprise up t o  40% 
o f  such deposi ts  (4-6) .  
found t o  vary from 1 t o  9%. S u l f u r  (0.4% max. a l lowed)  i s  the most abundant 
hetero-atom present  i n  j e t  f ue l s .  

product, a hydroperoxide, and organo s u l f i d e s  and t h i o l s .  S p e c i f i c a l l y ,  we 
examine the t e r t - b u t y l  hydroperoxide o x i d a t i o n  o f  hexy l  s u l f i d e  and dodecyl 
t h i o l  i n  deaerated benzene a t  120°C. The reac t i ons  were s tud ied f o r  t ime 
per iods from 15 min t o  180 min. A d d i t i o n a l l y ,  we have developed r e a c t i o n  
cond i t i ons  and an a n a l y t i c a l  method o f  h igh  r e p r o d u c i b i l i t y  which may be 
app l i cab le  t o  the study o f  o ther  hydroperoxide o x i d a t i v e  processes. 

The composit ion o f  deposi ts  a f f o r d s  c lues t o  the  molecular  species 

The s u l f u r  content  of these deposi ts  has been 

This  paper i s  concerned w i t h  the r e a c t i o n  between a pr imary au tox ida t i on  

EXPERIMENTAL 

Reagents t e r t - B u t y l  hydroperoxide, tBHP, (go%), hexy l  s u l f i d e  and 
dodecyl t h i o l  were obta ined from A l d r i c h  Chemical Co. They were d i s t i l l e d  
i n  vacuo t o  99.9% p u r i t y .  
d i s t i l l e d  from CaH2. 

Benzene ( A l d r i c h  Gold Label )  was r e f l u x e d  and 
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Method. The reac t i ons  were c a r r i e d  out i n  sealed b o r o s i l i  a t e  g lass 
t u b e n e  reagfjnts ( t y p i c a l l y  3 - 9 ~ 1 0 - ~  mol o f  tEHP and 6x20-' mole o f  hexyl 
s u l f i d e  or  6x10- mole o f  dodecyl t h i o l  i n  3.6 m mol o f  so l ven t )  were weighed 
i n t o  6 in. long, 1/4-in. 0.d. Pyrex tubes c losed a t  one end and f i t t e d  a t  t he  
other  w i t h  a s t a i n l e s s  s tee l  valve v i a  a Swagelok (Tef lon f e r r u l e s )  f i t t i n g .  
The tube was at tached t o  a vacuum system, cooled t o  7 7 K  and subjected t o  
several freeze-pump-thaw cycles. The tube was then subsequently flame-sealed 
below the valve. 
runs. The deaerated samples were warmed t o  room temperature and immersed i n  a 
Cole-Parmer f l u i d i z e d  sand bath. The temperature (120OC) was c o n t r o l l e d  by a 
Leeds and Northrop Electromax 111 temperature c o n t r o l l e r .  The t o t a l  pressure 
dur ing each run was est imated t o  be 5.1 atm f o r  the runs i n  benzene. A f t e r  
t he  reac t i on  per iod the  sealed tube was quenched t o  7 7 K  and opened. The tube 
was capped, warmed t o  room temperature and t h e  i n t e r n a l  standards added. The 
s o l u t i o n  was t r a n s f e r r e d  t o  a screw cap v i a l  (Tef lon cap - l i ne r )  and s tored a t  
O°C u n t i l  analys is .  Since a t y p i c a l  chromatogram requ i red  90 min, two i n t e r a l  
standards were added. One, p-xylene, a f fo rded  q u a n t i t a t i o n  f o r  peaks w i t h  
short r e t e n t i o n  t imes,  and a second, 1-phenyltr idecane, f o r  t he  peaks w i t h  
1 onger r e t e n t i o n  times. 

f o r  those runs w i t h  t h e  more r e a c t i v e  mercaptan (60 min max). 
subjected t o  the same c lean ing  procedure. They were f i l l e d  w i t h  toluene, 
cleaned with a nylon brush, r i nsed  w i t h  to luene twice,  then w i t h  methylene 
ch lor ide,  and d r i e d  i n  a i r  a t  150'C f o r  8 h. A search o f  t he  l i t e r a t u r e  gives 
a few examples o f  c a t a l y t i c  behavior w i t h  g lass systems (7.8); however, when a 
glass tube was f i l l e d  w i t h  crushed Pyrex, thus i nc reas ing  t h e  sur face area, 
the r e s u l t s  a t  1 2 0 S  f o r  the above t ime  per iods were not s u b s t a n t i a l l y  
a1 tered. 

The u l l a g e  volume (0.30 m l )  was kept  constant f o r  a l l  

Samples were heated f o r  t ime per iods o f  15. 30, 60, 120 and 180 min except 
A l l  tubes were 

The samples were analyzed by two techniques, bo th  based on gas 
chromatography. 
r e t e n t i o n  t ime  matching w i t h  standards and mass spectrometry. I n  t h e  f i r s t ,  a 
Varian gas chromatograph Model 3700 w i t h  f lame i o n i z a t i o n  de tec to r  (F.I.D.) 
and equipped w i t h  a 50-m 0.20-nun i.d. wal l -coated open t u b u l a r  (OV-101) fused 
s i l i c a  c a p i l l a r y  column gave the  necessary r e s o l u t i o n  t o  d i s t i n c t l y  separate 
t h e  i n d i v i d u a l  components. A c a r r i e r  gas f low of 1 ml/min was combined w i t h  
an i n l e t  s p l i t  r a t i o  o f  60:1, a temperature program w i t h  an i n i t i a l  ho ld  a t  
50°C fo r  8 min and a ramp o f  4'/min t o  a f i n a l  temperature o f  26OoC. 

I n  the second technique, gases formed du r ing  the  reac t i on  were analyzed 
using a Perkin-Elmer Model Sigma 2 gas chromatograph equipped w i t h  a 6 - f t  5A 
Molecular Sieve column o r  a 4 - f t  Porapak/S column. For  the gas analys is ,  the 
column was operated a t  55OC. The chromatogram was recorded and in teg ra ted  on 
a Hewlett-Packard Model 339OA r e p o r t i n g  i n t e g r a t o r .  For t h i s  procedure, the 
valve was l e f t  on the  reac t i on  tube and a f t e r  the appropr ia te reac t i on  period, 
t he  tube va lve was connected d i r e c t l y  t o  a GC gas sampling va lve v ia  a 
Swagelok connection. An external  standard was used f o r  c a l i b r a t i o n .  A 
pressure gauge measured the  pressure i n  the  sample l oop  a t  t h e  t ime o f  
analys is .  

t he  chromatogram accounted f o r  approximately 90% of t h e  o r i g i n a l  compounds. 

Peak i d e n t i f i c a t i o n  f o r  both techniques was based on 

A ma te r ia l  balance was assessed f o r  each compound. The p r i n c i p a l  peaks o f  
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The very small peaks account f o r  another 5-10%. 
repeatable t o  w i t h i n  2-3% f o r  each component. 

The product d i s t r i b u t i o n  was 

RESULTS AND DISCUSSION 

The thermal decomposition o f  an a l k y l  hydroperoxide i s  complex. A t  
temperat res  o f  120°C o r  greater, tBHP decomposes by an a u t o i n i t i a t e d  
pathway.y 
however, i nvo l ves  i t s  a t tack  by f r e e  r a d i c a l s  i n  t h e  so lut ion.  The d e t a i l e d  
mechanism o f  t B H P  decomposition i s  h i g h l y  dependent upon t h e  s p e c i f i c  reac t i on  
cond i t i ons  employed since rad i ca l  behavior i s  s e n s i t i v e  t o  s t r u c t u r a l ,  so lvent  
and s te reoe lec t ron i c  e f fec ts .  

The major reac t i on  pathway i n  the  120'C decomposition of tBHP, 

The r e s u l t s  i n  Table 1 i l l u s t r a t e  t h a t  t he  product d i s t r i b u t i o n  from the 
reac t i on  o f  tBHP w i t h  hexyl s u l f i d e  i n  deaerated benzene so lvent  can be 
convenient ly  d i v ided  i n t o  lower and h igher  molecular weight products. The 
q u a n t i t i e s  i n  Table 1 are based on per cent conversion from the moles o f  
reactants  o r i g i n a l l y  present. Products de r i ved  s o l e l y  from hexyl s u l f i d e  are 
ca l cu la ted  on the bas is  o f  the s t a r t i n g  amount o f  hexyl s u l f i d e .  The t B H P  
der ived products ( f o r  example, t -bu tano l )  are s i m i l a r l y  ca l cu la ted  based on 
the  s t a r t i n g  amount o f  tBHP. Mixed condensation products (i.e.. tBHP + hexyl 
s u l f i d e )  are ca l cu la ted  on the bas i s  o f  moles o f  hexyl su l f i de .  
Table 2 were l i k e w i s e  ca l cu la ted  us ing dodecyl t h i o l .  

The values i n  

From tBHP,  t he  major product was t -butanol .  A small amount o f  acetone, 
methane, isobuty lene and the  tBHP rad i ca l  t e rm ina t i on  product d i  -t- 
buty lperox ide were a l so  observed. From hexyl su l f i de ,  lower molecular weight 
products inc luded hexane, hexene and hexanal ; higher  molecular weight 
condensation products inc luded the  major product hexyl su l fox ide  along w i t h  
hexyl su l fone and hexyl d i s u l f i d e .  F r m  dodecyl t h i o l ,  Table 2, lower  
molecular weight products inc luded dodecane and dodecanol; h igher  molecular  
weight condensation products inc luded the  major product dodecyl d i s u l f i d e  
along w i t h  dodecyl su l fox ide ,  dodecyl s u l f i d e  and dodecyl sulfone. 

to luene and other  subs t i t u ted  benzenes. 
Solvent p a r t i c i p a t i o n  was noted by the  format ion o f  t r a c e  quan i t i es  o f  

tBHP roducts The mechanism o f  a u t o i n i t i a t e d  tBHP decomposit ion can be 
d e p i k w s  : - (CH3)3C0. + .OH S e l f  I n i t i a t i o n  (1)  

12OOC t BHP 

(CH3 13CO. SClSSlOn * (CH3)2C0 + *CH3 (2) 

(CH3)3COH + (CH,),COO. (3)  

beta 

Propagation 

hydrogen 
tBHP ' (CH3)3C0' abs t rac t i on  
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I n  a l i p h a t i c  hydrocarbon so lvent ,  it has been shown t h a t  beta- 
sc iss ion i s  favored over hydrogen abs t rac t i on  a t  temperatures o f  100°C o r  
less. 
be l e s s  than compe t i t i ve  w i t h  hydrogen abs t rac t i on  a t  120°C. Small 
amounts o f  acetone were formed ranging from 1.5% f o r  hexyl s u l f i d e  t o  
4.7% fo r  dodeycl t h i o l  a t  60 min. By con t ras t ,  t -butanol  was 75.4% f o r  
h e x y l s u l f i d e  and 76.7% f o r  dodecyl t h i o l  a t  60 min. 
t -butanol  compared t o  acetone d e f i n i t i v e l y  shows t h a t  hydrogen 
abs t rac t i on  was favored over cleavage i n  benzene so lvent  under the  
condi t ions o f  t h i s  study. The increas ing y i e l d  o f  acetone ind i ca ted ,  
however, t h a t  a t  l ong  reac t i on  t imes beta-sc iss ion was a v i a b l e  competing 
process. 

Gaseous products The gaseous products formed inc luded isobuty lene,  
methane and a t r a c e  amount (0.1%) o f  ethane. No f r e e  oxygen was observed 
i n  any o f  t he  runs. As i nd i ca ted  i n  Table 1, isobuty lene was 4.2% 
i n i t i a l l y  and decreased t o  2.7% a t  180 min. Methane increased from 0.8% 
a t  15 min t o  1.6% a t  180 min. For dodecyl t h i o l ,  Table 2, isobuty lene 
was 3.6% i n i t i a l l y  and decreased to 3.0% a t  60 min. Methane increased 
from 0.9% a t  15 min t o  1.4% a t  60 min. 

Isobuty lene probably resu l ted  from the a c i d  cata lyzed dehydrat ion o f  
t -butanol .  The decreasing y i e l d  was no t  s u r p r i s i n g  i n  l i g h t  o f  t he  many 
pathways open t o  a r e a c t i v e  o l e f i n  i n  a r a d i c a l  environment. 

The y i e l d  o f  methane was s i m i l a r  t o  t h a t  o f  acetone. This  was an 
expected r e s u l t  s ince  they both form v i a  beta sc i ss ion  o f  t h e  a lkoxy 
rad i ca l  ( r e a c t i o n  2). The reac t i ve  methyl rad i ca l  e a s i l y  abs t rac ts  
hydrogen t o  y i e l d  methane ra the r  than reac t i ng  w i t h  o the r  r a d i c a l s  
present i n  t h e  system. Th is  accounted f o r  t h e  low y i e l d  o f  methyl 
rad i ca l  de r i ved  products. 

It 
could form from a non- terminat ing reac t i on  of two t - b u t y l  peroxy r a d i c a l s  
and then be consumed immediately by any of  several pathways. 

Hexyl s u l f i d e  products  The cleavage o f  a C-S b jud i n  s u l f i d e s  i s  known 
t o  occur I n  thermal and photochemical react ions.  The most d i r e c t  means 
of generating a s u l f u r  centered r a d i c a l  i s  t he  homolysis o f  a bond t o  
sulfur. However, most simple a l k y l  s u l f i d e s  are the rma l l y  q u i t e  s tab le  
(C-S bond d i s s  i a t i o n  energ ies are ca. 74 kcal /mol )  and q u i t e  un reac t i ve  
toward oxygen." I n  the  presence o f  t - b u t y l  hydroperoxide, the t -butoxy 
rad ica l  generated was found t o  abs t rac t  the hydrogen alpha t o  t h e  
sulfur. Thus f o r  hexyl s u l f i d e ,  observed products were the  t h i y l  rad i ca l  
and hexene. An a l t e r n a t e  pathway would i nvo l ve  the a t tack  o f  an a lkoxy 
by a sH2 mechanism t o  y i e l d  both a t h i y l  r a d i c a l  and hexyl rad i ca l .  That 
these processes were minor pathways can be seen from the  r e s u l t s  i n  Table 
1. Hexane and hexene were present i n  low y i e l d s  a t  a l l  r eac t i on  t imes 
(hexane ca. 0.3% a t  180 min and hexene 0.2%). Combination o f  t h i y l  
rad i ca l s  t o  form t h e  d i s u l f i d e  was a l so  a minor te rm ina t ion  pathway (0.6% 
Y ie ld  a t  180 min). 

I n  the  benzene so lvent  of t h i s  study, beta-sc iss ion was found t o  

The greater  y i e l d  of 

The lack  of measured oxygen does not  mean t h a t  i t  was no t  formed. 
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Table 1 

Hydroperoxide i n  Benzene Solvent a t  120OC. 
Mole % Conversion f o r  t h e  Reaction o f  Hexyl S u l f i d e  w i t h  t - B u t y l  

Conversion (Mole %) 

15 30 60 120 180 
Reaction Time (min.) 

TBHP Productsa 
Acetone 
t-Butanol 
d i - t - b u t y l  peroxidg 

Hexene 
Hexane 
Hexanal 
Hexyl d i  su l  f i d e  

Condensation Productsb 
Hexyl su l fox ide  
Hexyl su l fone 
Hexyl t h i o s u l  f i n a t e  

Gaseous Products 
Methane 
Isobuty lene 

Hexyl s u l f i d e  

Hexyl s u l f i d e  Products 

Unreacted 
TBHP 

Trace ProductsC 

1.0 1.5 
55.5 59.5 
0.5 0.7 

0.1 0.1 
0.1 0.1 
0.2 0.2 
0.3 0.5 

74.8 85.9 
1.2 1.4 
0.1 0.1 

0.8 0.8 
4.2 3.9 

28.9 23.9 

1.5 1.5 2.5 
65.9 69.8 75.4 

0.7 0.7 1.0 

0.1 0.3 0.2 
0.3 0.4 0.3 
0.3 0.2 --- 
0.5 0.5 0.6 

81.6 81.9 80.7 
3.0 3.4 4.0 
0.1 0.1 --- 
1.0 1.4 1.6 
3.6 3.1 2.7 

8.7 3.9 1.8 
22.5 13.9 8.2 3.9 2.9 
6.7 7.8 9.7 10.1 8.1 

a. based on t h e  s t a r t i n g  moles o t  
b. based on t h e  s t a r t i n g  moles o f  hexyl s u l f i d e  
c. summation o f  small peaks 

The observed hexanal can be formed by several reac t i on  pathwa 
Among these are the thermal rearrangement o f  the hexyl s u l f o x i d e / 2 * o r  
more l i k e l y ,  t he  coupl ing o f  a t -bu ty lpe roxy  r a d i c a l  w i t h  a t h i o a c e t a l  
rad ica l .  Based on bond d i s s o c i a t i o n  energy considerat ions alone, t h e  t- 
buty lperoxy rad i ca l  was probabi3 t h e  l e a s t  r e a c t i v e  and most p l e n t i f u l  
rad i ca l  present i n  the system. This  would favor  a te rm ina t ion  s tep  
i n v o l v i n g  t h i s  rad i ca l  over a te rm ina t ion  i n v o l v i n g  t h e  very r e a c t i v e  
alkoxy rad i ca l  which would be expected t o  propagate the  chain. 

The major h igher  molecular weight product observed from the o x i d a t i o n  
o f  hexyl s u l f i d e  by tBHP was hexyl su l fox ide .  I t s  y i e l d  va r ied  from 
74.8% a t  15 min. t o  85.9% a t  30 min., gradual ly  decreasing t o  80.7% a t  
180 min. o f  reaction. Other products included: hexyl su l fone (1.2% a t  15 
min. gradual ly  increas ing t o  4.0% a t  180 min.), hexyl d i s u l f i d e  (0.3 t o  
0.6%) and a t race  amount o f  d i  hexyl t h i  01 su l  f i  nate (0.1%). 
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Table 2 

Mole % Conversion f o r  t he  Reaction o f  Dodecyl Thio l  w i t h  t -Bu ty l  
Hydroperoxide i n  Benzene Solvent a t  12OOC 

Conversion (Mole a )  

15 30 60 

Reaction Time (min.) 

TBRP Products" 
Acetone 4.7 4.4 4.7 
t -Butanol 59.2 65.4 76.7 
d i - t - b u t y l  perox idg 1.6 1.6 1.9 

Oodecyl t h i o l  Products 
Dodecane 0.1 0.3 0.4 
Dodecanal 0.6 0.7 1.1 
Oodecyl s u l f i d e  1.9 1.8 1.4 
Dodecyl d i s u l f i d e  74.4 78.8 74.1 

Condensation Productsb 
Dodecyl s u l f o x i d e  2.3 2.1 2.1 
Dodecyl su l fone  

Gaseous Products 
Methane 
Isobuty lene 

Dodecyl t h i  e l  

Unreacted 
TBHP 

Trace Products 

0.9 1.5 

0.9 1.3 
3.6 3.3 

19.7 12.6 
15.6 7.3 
4.6 6.7 

1.7 

1.4 
3.0 

1.3 
3.4 
9.4 

a. based on the s t a r t i n g  moles of TBHP 
b. based on the s t a r t i n g  moles of dodecyl t h i o l  
c. summation o f  small peaks 

The major product hexyl s u l f o x i d e  could r e s u l t  from a t  l e a s t  two 
mechanisms: a t t a c k  o f  oxyge centered r a d i c a l s  (i.e., a lkoxy)  on s u l f u r  
f o l l owed  by a beta scission;" o r  a l t e r n a t i v e l y ,  the su l fox ide  may a r i s e  
from the  r e a c t i o n  of  t - b u t y l  hydroperoxide w i t h  the hexyl s u l f i d e .  

The r e s u l t i n g  su l fox ide  once formed i s  q u i t e  stable, as can be seen 

The hexyl su l fone y i e l d  i n  the  present work va r ied  from an i n i t i a l  

from the  s l i g h t  l ower ing  o f  t he  y i e l d  a t  extended reac t i on  times. 

1.2% a t  15 min. t o  4.0% a t  180 min o f  react ion.  This very s l i g h t  
increase compared t o  the  y i e l d  o f  hexyl s u l f o x i d e  a t  180 min. (80.7%) 
d e f i n i t i v e l y  i l l u s t r a t e s  the s t a b i l i t y  o f  the a l k y l  su l fox ide  i n  the 
presence o f  tBHP. 



The f u r t h e r  ox ida t i on  o f  a s u l f i d e  o r  a s u l f o x i d e  t o  a su l fone i s  
be l ieved t o  proceed by a mechaniilg s i m i l a r  t o  t h a t  f o r  s u l f o x i d e  
format ion from an a l k y l  su l f i de .  The format ion o f  an a l k y l  su l fone i s  
a f a c i l e  reac t i on  on ly  i n  the  presence o f  a s t rpgg ox idant  o r  when t h e  
reac t i on  i s  cata lyzed by t r a n s i t i o n  metal ions. 

by d imer i za t i on  o f  t he  t h i y l  rad i ca l .  The t h i y l  r a d i c a l  was i n  low 
concentrat ion a t  a l l  r eac t i on  t imes (see hexyl t e rm ina t i on  products i n  
the  Table). 
minor product a t  a l l  r eac t i on  t imes (1% a t  180 min.). The o the r  minor  
observed product forms as a d i r e c t  r e s u l t  o f  the d i s u l f i d e .  The t r a c e  
amounts o f  hexyl t h i o s u l f i n a t e  observed (0.1% a t  a l l  r eac t i on  t imes)  
resu l ted  from the pe rox ida t i on  o f  t he  d i s u l f i d e .  

Dodecyl t h i o l  products. 

~ ~ a : ~ l ~ s t . ~ ~ ~  !:e mechanism o f  t h i o l  ox ida t i on  has been the  subject  o f  
d iscuss ion f o r  many years. Some fgpor ts  support i o n i c  mechanisms w h i l e  
others support r a d i c a l  processes. The r e s u l t s  i n  the  present work, 
Table 2, support a rad i ca l  mechanism. The t -butoxy r a d i c a l  generated 
from t B H P  was found t o  abs t rac t  the t h i o l  hydrogen. 
hydrogen abs t rac t i on  by t h e  t h i y l  r a d i c a l  t o  y i e l d  a t h i o l  i s  on ly  
observed i n  case i n v o l v i n g  very s tab le  t h i y l  r a d i c a l s  w i t h  a c t i v e  
hydrogen donors.’’ Ac tua l l y ,  t h e  problem w i t h  t h i s  hydrogen abs t rac t i on  
i s  no t  t h a t  t he  process i s  slow, but  t h a t  abs t rac t i on  o f  a hydrogen from 
a t h i o l  i s  thermodynamically favorable. Likewise,the t h i y l  rad i ca l  has 
not  been observ$fl t o  undergo a beta sc i ss ion  t o  y i e l d  a th ione  and a 
methyl rad i ca l .  I n  the present work, th iones and t h i o l s  were not  
detected, even i n  t r a c e  amounts, i n  the product mix. 

The observed secondary reac t i on  products dodecane, dodecanal and 
dodecyl s u l f i d e  were present i n  low concentrat ion f o r  a l l  r eac t i on  t ime  
periods. Dodecyl s u l f i d e ,  1.9% a t  15 min decreasing t o  1.4% t o  60 min, 
was probably formed by the  reac t i on  o f  dodecyl t h i o l  w i t h  the  
condensation product dodecyl su l fox ide.  The products o f  such a reac t i on  
would be dodecyl d i s u l f i d e  and dodecyl su l f i de .  Dodecyl s u l f i d e  once 
formed could then undergo o the r  s ide reactions. The observed dodecane 
was the r e s u l t  of such a reac t i on  scheme: an S 2 reac t i on  between the  t- 
butoxy r a d i c a l  and dodecyl s u l f i d e  would r e s u l t H i n  both t h e  dodecyl 
rad i ca l  and a t h i y l  r a d i c a l .  The dodecanal product, 0.6% a t  15 min 
i nc reas ing  t o  1.1% a t  60 min, could r e s u l t  from several mechanisms. 
Among these are the  thermal rearrangement o f  the s u l f o x i d e  o r  t h e  
coupl ing of the t - b u t y l  peroxy rad i ca l  w i t h  a th ioace ta l  rad i ca l .  

o f  dodecyl t h i o l  by tBHP was dodecyl d i s u l f i d e .  Other products inc luded 
dodecyl su l fox ide,  dodecyl su l fone and t r a c e  but  unreported amounts o f  
dodecyl t h i o s u l f i n a t e .  

Dodecyl d i s u l f i d e ,  74.4% a t  15 min i nc reas ing  t o  78.8% a t  30 min and 
then decreasing t o  74.1% a t  60 min, was formed by t h e  d i r e c t  o x i d a t i o n  of 
dodecyl t h i o l  and subsequent d imer i za t i on  of the t h i y l  rad i ca l s .  An 
a l t e r n a t i v e  s ide  reac t i on  f o r  i t s  format ion would be the reac t i on  o f  t he  

The hexyl d i s u l f i d e  product was a consequence o f  a s e l f  a n n i h i l a t i o n  

As a r e s u l t ,  t he  te rm ina t ion  product hexyl d i s u l f i d e  was a 

When t h i o l s  are ox id i zed  by a i r  o r  peroxides, 
i s u  1 es e major product regard less o f  t he  presence o r  absence of  

By con t ras t ,  

The major h igher  molecular weight product observed from the  o x i d a t i o n  
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s t a r t i n g  t h i o l  w i t h  dodecyl su l fox ide  t o  generate a d d i t i o n a l  dodecyl 
d i  su l  f i de .  

probably rF$u l ted  from the  same two pathways mentioned f o r  hexyl 
su l fox ide .  The dodecyl su l fox ide  y i e l d  was n o t  observed t o  increase 
s i g n i f i c a n t l y  due t o  f u r t h e r  ox ida t i on  t o  dodecyl su l fone o r  f o r  example 
i t s  r e a c t i o n  wi th  the s t a r t i n g  t h i o l .  The l a t t e r  reac t i on  would produce 
both dodecyl d i s u l f i d e  and dodecyl s u l f i d e .  

a t  60 min, i n d i c a t e d  the s t a b i l i t y  of a l k y l  su l fox ides  toward f u r t h e r  
o x i d a t i o n  by tBHP i n  the l i q u i d  phase a t  120OC. 

The dodecyl su l fox ide ,  2.3% a t  15 min decreasing t o  2.1% a t  60 min, 

The low y i e l d  o f  dodecyl sulfone, 0.9% a t  15 min increas ing t o  1.7% 
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