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ABSTRACT 

The synthesis of several di and tri n-alkylbenzene- 
sulfonates is described. Low interfacial  tensions can 
be obtained against alkanes by using these materials 
as surfactants. The low interracial  tens ion propert ies  
of  these surfactants are shown to be p rofoundly  in- 
f luenced by the presence or absence of  an alkyl group 
in the or tho  posi t ion relative to the sulfonate group 
and also to depend on the length of  this alkyl chain 
relative to o ther  chains in the molecule.  Surfactants  
where this chain is relatively long tend to give their 
l o w e s t  i n t e r f a c i a l  tensions against the lowest  
molecular  weight  alkanes and also to be effective at 
lower surfactant  molecular  weight.  

INTRODUCTION 

Several publicat ions have dealt  empirical ly with the low 
interfacial  tension behavior  of surfactants produced by 
sul fonat ing a monoisomer ic  hydroca rbon  (1-3). Their  
propert ies  are similar in most  respects to those of complex 
commercia l  sulfonates (4-11 ). 

Measuring the interfacial  tensions of a standard surfac- 
tant  solut ion (usually 0.7 g/l i ter surfactant ,  10 g/l i ter 
NaC1) against a homologous  series of  alkanes has proven to 
be a useful too l  for examining low tension behavior and will 
be cont inued in this paper. An alkane scan of  this kind 
allows two impor tan t  variables to be defined (Fig. 1). These 
are the  min imum interfacial  tension ('grnin) and the alkane 
carbon number  for min imum tension (nmin).  

Provided that  the sodium chloride concen t ra t ion  is 
within a certain range of  o p t i m u m  values, which varies 
depending on the surfactant  under test but  which usually 
includes the standard 10 g/l i ter concent ra t ion ,  ")'rain repre- 

sents the lowest  interfacial  tension which can be obta ined 
for that  particular surfactant  against an alkane of  carbon 
number  nmi n. (We cannot  exclude the possibili ty that vari- 
ables o ther  than the salinity may have opt imal  ranges but,  
at our present state of  knowledge,  salinity appears to be the 
most impor tan t . )  

We have demonst ra ted  (2,3) that  surfactants of similar 
s tructure and not- too-far-different  molecular  weight  tend to 
give the same value of  ')'min for a given value of  nmin, 
subject always to the  opt imized salinity condi t ion.  This 
allows a graph of  nmin vs. ")'rain to be used as a means of  
characterizing the op t imum low tension per formance  of  a 
group of  surfactants across the alkane [or o ther  (2)] series. 
These nmin/ ') 'min plots have been called "a lkane  preference 
curves,"  since they show which alkanes are most  preferred 
for giving very low interfacial  tensions. 

In previous work,  three types of preference curve were 
observed (2,3). These are sketched in Figure 2 and can 
usefully be distinguished by the value of no, the alkane 
carbon number  at the min imum in the preference curve, n o 
is the optimum alkane carbon number for that  particular 
surfactant group. The three classes of  surfactants are: 

Group I, n o --~ 10. Modified linear a lkylbenzenesulfon-  
ates (LABS) having a short (C 3 or less) alkyl group or tho  to 
the SO 3 group, plus one or  two o ther  alkyl groups, the 
major one of  which is meta  to the sulfonate and has at least 
1 2 carbon atoms. 

Group H n o < 5. Modified LABSs where the group 
or tho  to the sulfonate  is C4 and /o r  the major chain meta  to 
the  SO3 is C] 0 or less. 

Group III n o --~ 12.5. LABSs in the molecular  weight  
range f rom a C l 1 a lkylbenzenesul fonate  up to a C 1 8 alkyl- 
benzenesulfonate .  

Group I surfactants were identif ied as being the most  
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FIG. 1. The definition of nmi n and "rmin. 
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TABLE I 

Properties of Alkylbenzenes 

VOL. 55 

Hydrocarbon sulfonated 

Abbreviation Distillation Refractive Mass of 
for Boiling point Pressure index molecular 

sulfonate (~ (mm Hg) (24 C) ion 

1,4-Dibutylbenzene a p di bu ~bS 
1,4-Dipentylbenzene a p di pent 4~S 
1,4-Dihexylbenzene a p di hex ~5S 
1-Pentyl-4-hexylbenzene p pent hex qSS 
1-Hexyl-4-heptylbenzene p hex hept q~S 
1,2-Dihexylbenzene a o di bex qSS 
1,2-Diheptylbenzene a o di hept ~5S 
1,2-Dioctylbenzene a o di oct 0S 
1,4-Dibutyl-2-ethylbenzene di bu et ~bS 
1,4-Dibutyl-2-propylbenzene di bu prop ~bS 
1,2,4-Tributylbenzene b tri bu 0S 
1,2-Diethyi-4-butylbenzene diet  bu q~S 
1,2-Diethyl-4-pentylbenzene die t  pent qSS 
1,2-Diethyl-4-hexylbenzene diet  hex 4~S 
1,2-Diethyl-4-heptylbenzene d ie t  hept ~bS 
1,2-Dibutyl-4-hexylben zene di bu hex ~S 

88-90 0.05 1.4870 190 
113-115 0.05 1.4851 218 
142-145 0.50 1.5845 246 
118-120 0.05 1.4852 232 
11t-113 0.02 1.4835 260 
128-130 0.10 1.4857 246 
140-141 0.10 1.4845 274 
150-152 0.10 1.4837 302 
110-112 0.05 1.4915 218 
115-117 0.05 1.5895 232 
118-119 0.05 1.5890 246 
77-78 0.02 1.4947 190 
80-82 0.02 1.4942 204 
88-90 0.02 1.4925 218 

114-116 0.01 1.4910 232 
130-132 0.10 1.4870 274 

aIsomerically pure hydrocarbon and sutfonate. 
blsomerically pure hydrocarbon. 

p romis ing  for  te r t ia ry  oil recovery,  since the i r  n o ranges 
coinc ide  mos t  closely wi th  t he  measured  equiva len t  a lkane  
c a r b o n  n u m b e r s  (9) of  c rude  oils. It has since been  shown 
(Doe,  P.H., u n p u b l i s h e d  work )  t h a t  these  su r f ac t an t s  
usual ly  do give lower  in ter fac ia l  t ens ions  against  c rude  oils 
t h a n  do  G r o u p  II or G r o u p  III sur fac tan ts .  

It will be usefu l  for  s u b s e q u e n t  discussion to i n t r o d u c e  
the  idea of  molecular weight efficiency. One su r fac t an t  is 
said to  be more  molecu la r  weight  ef f ic ient  t han  a n o t h e r  if, 
at  t he  same sod ium chlor ide  c o n c e n t r a t i o n  and su r fac t an t  
molecu la r  weight,  it has a h igher  nmi  n value. Group  I and  
G r o u p  II modi f ied  LABSs are more  molecu la r  weight  effi- 
c ien t  t h a n  G r o u p  I l l  LABSs. 

All else be ing  equal,  su r f ac t an t s  wi th  op t ima l  s t r uc tu r e  
would  p roduce  a desired low t ens ion  at a lower  molecu la r  
weight.  I t  is possible tha t  this  would  be of some pract ica l  
in teres t ,  since lower  molecu la r  weight  su r f ac t an t s  might  
well be cheaper  to  m a n u f a c t u r e .  They  migh t  also be more  
salt t o l e r an t  and  more  soluble.  However ,  the  fac t  t h a t  
changing  a su r f ac t an t ' s  s t ruc tu re  also changes  its n o value 
m e a n s  tha t  all else is no t  equal.  It appea red  f rom earlier 
t r ends  (3) tha t  the  mos t  molecu la r  weight  eff ic ient  surfac- 
t an t s  had the  lowest  n o values, wh ich  can qu ick ly  shif t  
t h e m  ou ts ide  the  range of  useful  low t ens ion  surfac tants .  

Previously,  the  mos t  ef f ic ient  su r f ac t an t s  which  had  
been  iden t i f i ed  were those  which  had  n-alkyl  chains as 
m i n o r  subs t i t uen t s  on  the  b e n z e n e  ring. In the  present  
s t u d y  we fol low up this  t r end  by  b reak ing  away f rom 
LABS-based s t ruc tu res  and  cons ider ing  su r f ac t an t s  which  
are su l fona t ed  di and  tri  n -a lky lbenzenes .  These  mater ia ls  
are e x a m i n e d  f rom the  po in t s  of  view of  h y d r o c a r b o n  
preference ,  molecu la r  weight  ef f ic iency and  salt to le rance ,  
and  re la t ionsh ips  b e t w e e n  the  th ree  p roper t i e s  are con- 
sidered.  

M A T E R I A L S  AND E X P E R I M E N T A L  

The h y d r o c a r b o n s  su l fona t ed  dur ing  this  s tudy  were 
syn thes ized  as follows. 

I. p Di n-alkylbenzenes 

An add i t iona l  alkyt  g roup  was i n t r o d u c e d  in to  an  
n -a lky lbenzene  by  p e r f o r m i n g  a Fr iedel -Craf ts  acy la t ion  
and  r educ ing  the  resu l t ing  ke tone .  The  reac t ions  involved 
and  the  e x p e r i m e n t a l  c o n d i t i o n s  requi red  have been  given 
in detai l  e lsewhere  (3).  Because of  steric h i n d r a n c e  to o r tho  
subs t i t u t ion ,  an  essent ial ly  m o n o i s o m e r i c  1,4 dialkyl  prod-  

uct  is expec ted .  IR and p r o t o n  and l a C nuclear  magne t ic  
r e sonance  (NMR)  spectra  are in ag reemen t  wi th  th is  conclu-  
sion. 

I I .  Tri n-alkylbenzenes 

These mater ia ls  were made  by car ry ing  ou t  two acyl- 
a t i o n / r e d u c t i o n  cycles ins tead of  one,  beg inn ing  again wi th  
an n -a lky lbenzene .  The resu l t ing  s u b s t i t u t i o n  pa t t e rn  is 
1,2,4. Where the  th i rd  s u b s t i t u e n t  en ters  the  molecu le  will 
once  again  d e p e n d  u p o n  steric h indrance ,  and  it  is expec t ed  
to go p r e d o m i n a n t l y  o r t h o  to the  shor t e s t  of  the  first two  
subs t i tuen t s .  However ,  this  will no t  be as clear-cut  a dist inc-  
t ion  as for  the  first acy la t ion  and a m ix tu r e  of  two isomers  
will u n d o u b t e d l y  be p resen t  in the  f in ished h y d r o c a r b o n .  
The  c o m p o u n d s  l isted in Table  I are the  isomers  which  are 
p robab ly  p resen t  in the  h ighes t  percentage .  

I I I .  o Di n-alkylbenzenes 

The p repa ra t i on  of these mater ia ls  is ou t l ined  in Figure 
3 

o-Xylene  (2 moles)  was p laced  in a 3-li ter,  3-neck flask 
and  h e a t e d  to 130 C. Eight  moles  of  b r o m i n e  was added  
slowly t h r o u g h  a pressure equal iz ing  d ropp ing  funne l  t ha t  
e x t e n d e d  be low the  l iquid surface  of the  h y d r o c a r b o n .  The  
rate  of  add i t i on  of  b r o m i n e  was regula ted  so t h a t  no visible 
a m o u n t  pers is ted in the  flask for  more  t h a n  few seconds.  
The  reac t ion  t e m p e r a t u r e  was slowly raised dur ing  the  
add i t ion  to  a m a x i m u m  of  170-175 C. A 300 wat t  UV lamp 
was used to pho to ly t i c a l l y  ca ta lyse  the reac t ion .  

When  the  add i t i on  of  b r o m i n e  was comple t e ,  t he  
m i x t u r e  was held at 170-175 C for  2 hr  and  t h e n  left  to 
s tand overnight .  The r eac t ion  p roduc t  is 1,2 d i (d ib romo-  
m e t h y l )  benzene ,  wh ich  was recrys ta l l ized f rom c h l o r o f o r m  
to yield colorless needles,  m p  I14 -116  C [ l i t e ra ture  value 
1 1 6 C ( 1 2 ) 1 .  

The b r o m i n a t e d  xy lene  was h y d r o l y z e d  to 1,2 benzene  
d i ca rbona l  (o -ph tha l i c  a ldehyde )  by  re f luxing  for  a b o u t  a 
week in 50% aqueous  e thano l  in the  presence  of  po tass ium 
oxala te ,  unt i l  a clear so lu t ion  was ob t a ined .  The  a lcohol  
was r emoved  by  dis t i l la t ion,  and the  a ldehyde  was s t eam 
disti l led in the p resence  of  Na2HPO4.  The  a ldehyde  was 
ex t r ac t ed  wi th  e the r  and dried over  a n h y d r o u s  magnes ium 
sulfate.  The e the r  was t h e n  evapora ted ,  and  the  a ldehyde  
was dried in a v a c u u m  oven over  a n h y d r o u s  p h o s p h o r o u s  
pen tox ide .  The  me l t ing  po in t  of  the  o -ph tha l i c  a ldehyde  
was 54-55 C [ l i t e ra ture  55.5-56 C (12)1 .  

The  a ldehyde  (0.3 mole )  was dissolved in dry  e ther  and 
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Sodium Sultanate ]~ TIT 

FIGo 3. Synthesis scheme for o di n-alkylbenzenesulfonates. 
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FIG. 4. Alkane scans for sulfonated p dihexylbenzene at various 
NaC1 concentrations. 

added dropwise to 1 mole of n-pentyl, n-hexyl, or n-heptyl 
magnesium bromide. The mixture was refluxed gently for 2 
hr and then left to stand overnight. The Grignard complex 
was decomposed and processed in the usual manner (2,3). 

The hydrogenation of the resulting alcohols and the 
purification of the resulting o di n-alkylbenzenes followed 
the usual techniques (2,3). 

Purity of all samples was checked by measuring various 
physical properties and by spectral analysis. A list of all 
hydrocarbons (major isomers in some cases) and their 
physical properties is given in Table I. 

The sulfonation and neutralization of the hydrocarbons 
to produce sodium sultanates followed procedures fully 
described elsewhere (2,3). Purity was checked by titration 
with Hyamine 1622 (Rohm & Haas Co. Philadelphia, PA) 
(13) and indicated that the finished product was 99 +% 

07g/llter SURFACTANT, lOg/liter NoCI 
[wt/wt) p dihex4, s/P pent hexes 

80/20 
60/40 

- - ~  40/60 
20/80 

--o-- 10/90 
I 

' ~  ; . . . .  ,'o . . . .  
ALKANE CARBON NUMBER 

FIG. 5. Alkane scans for mixtures of p di n-alkyl surfactants at 
10 g/1 NaClo Note the absence of low interfacial tensions. 

sodium sultanate. 
All interfacial tensions were measured at 27 C using the 

spinning drop technique (14). 

R ESU LTS 

I. p Di n-aikyl compounds 
This group consists of the first five compounds of Table 

I. They all have a butyl or larger n-alkyl group ortho to the 
sultanate, which, we would expect from earlier work, 
should make them very molecular weight efficient. In all 
cases both alkyl groups are equal or nearly equal in length. 
This means that neither the group o to the SO 3 nor the 
group m to it can reasonably be regarded as the major alkyl 
chain. Modified LABSs where the two chains were closest 
together in total numbers of carbon atoms did not show 
very good low tension performance (3). 

A series of alkane scans for sulfonated p dihexylbenzene 
are shown in Figure 4, where the salinity is varied from 2.5 
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FIG. 8. Scans for o di n-alkyl surfactants at 15 g/liter NaCI. 
These suffactants give low tensions under these conditions, but also 
precipitate. 

to 10 g/ l i ter  NaC1. Taking  first t he  resul ts  for  our  s tandard  
10 g/ l i ter  sal ini ty,  we see a h igh m i n i m u m  tens ion  at an  
nmi n of  13.4. This value is an  e s t ima ted  (15)  17 c a r b o n  
n u m b e r s  higher  t han  t ha t  for  the  mos t  molecu la r  weight  
eff ic ient  of  the  C 12 LABSs and  at least  9 c a r b o n  n u m b e r s  
h igher  than  a modi f i ed  LABS of  the  same molecu la r  weight  
(3).  Hence,  our  expec t a t i on  of  a h igh  molecu la r  weight  
eff ic iency is b o r n e  out .  No o t h e r  C] 2-alkyl c o m p o u n d  has 
a p p r o a c h e d  the  p d ihexyl  ma te r i a l  in this  respect .  

Now, the  ")'rain values in Figure 4 get lower  as nmi  n is 
decreased.  This is the  resul t  one  would  expec t  f rom a t ype  
II p re fe rence  curve. However,  these  p di n-alkyl su r f ac t an t s  
are no t  very salt t o l e ran t  and  in fact  t end  to p rec ip i ta te  in 
10 g/ l i ter  NaC1. Hence  it is possible  t ha t  some of  the  ob- 
served decrease in "/rain in Figure 4 is caused by mov ing  
in to  the  op t ima l  sal ini ty range r a the r  t h a n  towards  op t ima l  
alkanes.  

These  two effects  can be separa ted  by e m p l o y i n g  surfac- 
t an t  mix tures ,  which ,  as has been  shown,  act l ike a single 
su r f ac t an t  of the  same group in t e rms  of  the i r  a lkane prefer-  
ence (2,3) .  Figure 5 shows resul ts  for  a series of mix tu re s  of  
the  p d ihexyl  wi th  the  p p e n t y l h e x y l  sur fac tan t .  At  a 
sal ini ty of 10 g/li ter,  no  low tens ions  are observed  any-  
where,  but  there  is still some t e n d e n c y  for  ")'min to decrease  
as nmi n decreases_ When  c o m p a r i n g  a d i f fe ren t  series of  
mix tures ,  this  t ime  of  the  su l fona t ed  p d ihexyl  and  p hexyl-  
h e p t y l b e n z e n e s  at 3 g/ l i ter  NaC1,  we see very  d i f fe ren t  
behavior .  (Fig. 5) This t ime,  m o d e r a t e l y  low ")'rain values 
are observed un t i l  nmi  n reaches  a b o u t  12, and  then  the  
in terfacia l  t ens ions  increase sharply.  The  conc lus ion  f rom 
all th is  is t h a t  the  o p t i m a l  sal ini ty range for  these  surfac- 
t an t s  has a lower  u p p e r  l imit  t h a n  any o t h e r  group of  sur- 
fac tan t s  we have examined .  It ce r t a in ly  does no t  e x t e n d  as 
far as 5 g/ l i ter  NaC1. No lower  l imit  was establ ished,  bu t  
for  mos t  mater ia ls  th is  is a r o u n d  2 g/l i ter  NaC1. The  shape  
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of  the  preference curve is basically group II, but there is a 
wider range of  modera te ly  low (lower 10-3s) tensions than 
is the case with o ther  group II surfactants.  

I I .  o Di  n-alkyl  c o m p o u n d s  

The three surfactants of  this s t ructure which have been 
examined,  sul fonated o-dihexyl ,  o-diheptyl ,  and o-dioctyl-  
benzenes,  show interest ing differences in behavior f rom 
their  p-dialkyl counterpar ts  just discussed. A series of  
alkane scans is shown in Figure 6. 

Looking  first at the scans for each of  the three surfac- 
rants at 10 g/liter NaCI ,  both  the diheptyl  and dioctyl  
surfactants give ")'min values in the upper 10 -3, while the 
dihexyl  fails to give a low tension.  The nmi n values of  
these materials compare  very closely with those for certain 
LABSs of  the same molecular  weight.  For  instance, sul- 
fonated 7-phenylhexadecane,  n m i  n = 1 2.2; sulfonated 
o - d i o c t y l b e n z e n e ,  nmi n = 11.6. There is a similar 
cor respondence  be tween  sulfonated 6-phenyl te t radecane,  
n m i  n = 7.5 and sulfonated o-diheptylbenzene,  nmi n = 6.5. 

The 7rain values for these surfactants at 10 g/liter NaC1 
are much  lower  than those for any p di n-alkyl surfactant  at 
the same salinity. Also, if  the salinity is increased, the 7rain 
values decrease (e.g., sulfonated o-d ihepty lbenzene  at 15 
g/l i ter NaC1, Fig. 7) and vice versa (e.g., sul fonated 
o-d ioc ty lbenzene  at 7~ g/l i ter NaC1, Fig. 7). These com- 
pounds  are thus di f ferent  in that  their  op t imum low tension 
per formance  is not  developed until  an unusually high salin- 
ityo Most surfactants  per form well at 2.5 to 5 g/liter NaC1 
a n d  above. These do not  do well unti l  15 g/liter NaC1 is 
reached.  

Unfor tuna te ly ,  because of  their  relatively long n-alkyl 
chains, these surfactants are not  very salt tolerant ,  and they 
all precipi ta te  to a certain ex ten t  in 15 g/l i ter sodium chlor- 
ideo A few alkane scans for mixed  surfactant  systems were 
col lected at this salinity, however ,  and they  are shown in 
Figure 8. They indicate  that  some very low tensions can be 
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diethyl benzene. Again, no low tensions were seen with a total 
C10 alkyl surfactant or below. 

obtained,  with the  lowest  ones probably  showing up in the 
middle  of  the  l iquid alkane range~ Tentat ively,  we place 
these o di n-alkyl surfactants in group I, with some obvious 
reservations because of  the pauci ty  of  data. 

III. Tri n-alkyl compounds 

Eight surfactants  of  this class were synthesized,  and they 
fall into two groups: those based on d ie thylbenzene  and 
those based on dibutylbenzeneo The first group turned out 
to be rather t oo  low in molecular  weight to be very inter- 
esting, but  we shall say someth ing  about  them a l i t t le later~ 

Consider first the results for sul fonated d ibuty lpropyl-  
benzene and t r ibu ty lbenzene  shown in Figure 9. At 10 
g/liter salinity bo th  surfactants have nmi n values below 5. 
The interfacial  tensions can be improved by increasing the 
salinity, as is shown by the  o ther  curves in Figure 9, but  
only  the t r ibu ty l  surfactant  can be brought  to an on-scale 
nmi n value before  it precipi tates  and the  low tensions begin 
to be lost. 

More can be learned f rom the alkane scans for the di- 
bu ty lhexyl  surfactant  at various salinities (Fig. 10). This 
family of  curves looks similar to those for the p-dihexyl  
surfactant  in Figure 4, but  the  causes are no t  the same. In 
the present instance, only the somewhat  higher ")'rnin value 
for 1.5 g/l i ter NaC1 can be a t t r ibuted  to an opt imal  salinity 
effect  and here it is because 1.5 g/l i ter is too  low a salinity. 
Indeed,  1.5 g/l i ter would  be too  low a salinity for op t imum 
per formance  wi th  most,  if  not  all, of the surfactants exam- 
ined. 

If we combine  the  nmin/ ') 'mi n values f rom Figure 10 
with those  f rom Figure 9 and for a variety of  mixtures  for 
which, to  save space, the alkane scans are not  shown, one 
can obta in  the preference curve shown in Figure 1 1. The 
shape of  the  symbols  on this curve indicates the surfactant  
and salinity to which they  refer.  Considering the approxi-  

mat ions  (via in terpola t ion)  to obtain  ")'rain and nmin, the 
scatter of points  on this curve is very small. It is very defi- 
ni tely of  group II, meaning that  these surfactants are of  
l imited usefulness for giving low tensions against alkanes. 

DISCUSSION 

I. Limitations on Molecular Weight 
There are several surfactants  listed in Table I for which 

the results have not  been given. This is because they do not  
give low tensions under  the condi t ions  used. Since they are 
all the  lower molecular  weight members  of  their  part icular  
series, it seems reasonable to assume that  no low tension 
was observed simply because nmi n was not  shifted up to an 
on-scale value~ 

One way of  doing this is to add a relatively high molec-  
ular weight  a lcohol  to the solut ion (1). Isopentanol ,  for 
instance, can give ex t remely  large shifts in nmi n when 
added in amounts  up to 2 vol % (16). This can help to 
produce  low interracial  tensions using surfactants which are 
superficially ineffect ive for that  purpose~ It is instructive, 
therefore,  to examine  the results in Figure 12, where iso- 
pentanol  has been added to solut ions conta ining some of 
the tr ialkyl surfactantso Compare  this with Figure 13, which 
shows some alkane scans for surfactants based on diethyl- 
benzene  in the  presence of  isopentanol.  

On both  these figures, the C 1 l -a lkyl  or above surfactants 
show modera te  to good low tension performance,  whereas 
the C1 0-alkyl or below do not .  In each case the difference 
is orders of  magni tude.  We were never able, by  re ty ing  
condi t ions  such as alcohol  concent ra t ion ,  surfactant  con- 
cent ra t ion  and salinity, to achieve an interfacial  tension 
below 10 -1 dyne  cm -l wi th  any C10-alkyl surfactant  re- 
gardless of  the  dep loymen t  of  alkyl groups. 

These results cannot  be regarded as absolute ly  con- 
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TABLE II 

nmin 
Hydrocarbon sulfonated at 10 g/liter NaC1 K 

Preference 
group 

p Diheptylbenzene a >17 1 II 
5-(p Butylphenyl) decane 12 2.5 II 
Dibutylhexylbenzene 11 1.5 II 
5~(Diethylphenyl) decane 11 5 II 
6-Phenyltetradecane 7.5 infinite III 
5-(p Ethylphenyl) dodecane 7 6 I 
o Diheptylbenzene 6.5 infinite I b 
6-(Dimethylphenyl) dodecane < 5 12 I 
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clusive. Nevertheless,  one  thing is clear; it is at least very 
difficult ,  and it may be impossible,  to obta in  a low inter-  
facial tens ion wi th  an a lky lbenzenesu l fona te  which  does 
no t  have at least 11 alkyl carbon atoms.  To the present ,  this 
conclus ion carries over to each s t ructural  group we have 
examined .  If it holds up, it would  place a lower molecular  
weight limit of  334 on useful sodium sulfonates  for low 
interracial  tens ion appl icat ions.  

II. Molecular Weight Efficiency and Alkane Preference 
It was poin ted  out  above that  the  finished surfac tants  

are somet imes  mono i somer i c  and somet imes  not ,  but  it is 
always possible to  iden t i fy  a most  c o m m o n  isomer  by 
assuming that  the su l fonate  group will en te r  preferent ia l ly  
in the pos i t ion  of  m in imum steric h indrance .  

Thus, in a m o n o a l k y l b e n z e n e ,  su l fona t ion  is exclusively 
para to the  alkyl chain (2). In a p-d ia lkylbenzene  the SO3 
group goes preferent ia l ly  o r tho  to  the shor te r  chain and in a 
m-d ia lky ibenzene  it goes o r tho  to the shor te r  chain. With a 
1, 2, 4 t r ia lkylbenzene,  su l fonat ion  will t end  not  to  occur  
in the  3-posi t ion,  where  there  is h indrance  f rom two sub- 
s t i tuents ,  but  o r tho  to the  shor te r  o f  the 1 or 4 substi t-  
uents.  When all o f  the  alkyl group are close toge ther  in 
chain length,  there  is l i t t le t endency  for one isomer to be 
prefer red  over ano ther .  However,  under  these circum- 
stances, the  ratio discussed be low is similar for all isomers.  

Once the most  c o m m o n  isomer  is decided,  we may pro-  
ceed as fol lows.  Any alkyl group o r tho  to  the SO 3 must  
have an in ter fer ing  effect  on su l fona te-water  in terac t ions  
when  the molecule  is used as a surfactant .  For  this reason 
such a group is called the  interfering group.  The longest  of 
the  remaining alkyl group carbons  is the major h y d r o p h o b i c  
group.  The ratio 

no. of major group carbons 
K=  

no. of interfering group carbons 

is a quant i ty  which varies f rom 1 for certain p-dialkyl sur- 
factants  (see above) to inf ini ty  for sur fac tants  with no  
interfer ing group (2). 

Table II lists the K and nmi n values for a series of  sur- 
factants ,  all of  the same molecular  weight  (14 alkyl 
carbons) ,  toge ther  with the  pre fe rence  group to which they  
belong. 

The first four  c o m p o u n d s  in the  list are group I1 and 
they  have the  four  lowest  values of  K and the four  highest  
values of  nmin- The remaining surfactants ,  with lower  n m in 
and higher K values are group I or group IIl in p r e f e r e n c e .  
The same t rends  can be observed for  surfactants  of  o ther  
molecular  weights.  

It is clear f rom these  results that  the major / in te r fe r ing  
group balance is i m p o r t a n t  in de te rmin ing  the overall low 
tens ion  behavior  of a sur fac tant .  As K decreases,  the overall 
t rend is for  molecular  weight  eff ic iency to improve and for 
the  preference  to  shift  towards  lower  molecular  weight  
alkanes. The detai led a r rangement  of  the alkyl groups 
around the  benzene  ring is less impor tan t ,  apparent ly ,  
a l though it does  have some inf luence.  For  instance,  the 
presence  of the  o-dialkyl surfac tants  in group I suggests 
that  a suff ic ient ly  long group meta  to  the SO3 can exer t  

some interfer ing effect ,  
The surfac tants  examined  here and previously (1-3) mos t  

p robably  scan the full range o f  useful  a lkylbenzene-  
sul fonates  for low interfacial  tensions,  in te rms of  their  
molecular  weight  ranges and K values. It is str iking that  
they can be divided in to  only  three  groups,  wi th  all surfac- 
rants of  a part icular  group having similar preferred alkane 
ranges. This may in part  be due to the necessi ty of  em- 
p loying surfac tant  mix tures  when de te rmin ing  the  alkane 
preferences ,  which p robab ly  means  that  an average behavior 
is being observed.  More subt le  effects  o f  s t ructural  varia- 
t ions might  be d e m o n s t r a t e d  if the  n o values for single 
surfactants  were de te rmined .  This is difficult ,  however ,  and 
we have not  a t t e m p t e d  to do soo 

It is obvious  f rom the observed di f ferences  in alkane 
preference  that  surfactants  must  be chosen  carefully for  
part icular  low tension applicat ions.  Group II (K < 5) 
surfactants  are likely to work best  with oils whose  
equivalent  alkane carbon n u mb er  (EACN) is less than five~ 
For oils having EACNs in the range 5 to 11, group l su r -  
factants  look most  promis ing and for higher EACNs, group 
III surfactants  (no in terfer ing group) should work best. 
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