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Olefin Sulfonate Based Systems* 
Donald J. Ferm and T. Scott Griffin 
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Kathon|  C G / I C P  Microbic ide  ( R o h m  & Haas  Co.)  
wh ich  conta ins  1.5% 5-chloro-2-methyl-4- isothiazol in-  
3-one and 0.35% 2-methyl-4- isothiazol in-3-one as  act ive  
ingred ient s  has  b e e n  found  to be a highly  e f f i c i e n t  
ant imicrobia l  preservat ive  for  formula ted  products .  
However ,  i ts  use  has  b e e n  contra- indicated  for formu- 
la t ions  conta in ing  certa in  anionic  surfactants ,  espe-  
c ial ly  AOS, b e c a u s e  o f  the  s u s p e c t e d  p r e s e n c e  o f  re- 
s idual  b i su l f i t e  ion added  to  remove  res idual  hypo- 
chlor i te  r e m a i n i n g  at the  end  o f  the  b l each ing  process .  

It has  b e e n  found  that  su l f i t e  ion is  not  s tab le  in the  
c o m p l e x  mix ture  o f  c o m p o n e n t s  in c o m m e r c i a l l y  pro- 
duced  AOS. AOS s a m p l e s  t e s ted ,  w h e t h e r  b l e a c h e d  or 
not,  c o n t a i n e d  res idual  reduc ing  capacity,  but  o f  a suf- 
f i c i ent ly  l o w  redox  potent ia l  as  to  not  a f f e c t  Kathon|  
C G / I C P  Microbic ide  stabil ity.  

Al ternat ive  analyt ica l  m e t h o d s  for  ana lys i s  for  
b i su l f i t e  in AOS and o ther  surfactant  s y s t e m s  are dis- 
cussed .  

A n e w  HPLC m e t h o d  for d e t e r m i n a t i o n  o f  Kathon|  
C G / I C P  Microbic ide  l eve l  in formula ted  product s  w a s  
deve loped .  

In the formulation of products  for the household and 
personal-care products  industry, it is essential that  a pre- 
servative be included to protect  the formulation from 
antimicrobial attack. A number of different preservative 
systems are available for this purpose. One of these, a 
mixture of 5-chloro-2-methyl-4-isothiazolin-3-one and 2- 
methyl-4-isothiazolin-3-one, offered as Kathon| CG/ICP 
Mierobicide by Rohm and Haas Company, has been 
receiving increasing attention for this use because of its 
effectiveness at very low (5-10 ppm) active levels (1-3). 
Kathon| CG/ICP Microbicide is available as a water solu- 
tion of 5-chloro-2-methyl-4-isothiazolin-3-one (1.05%- 
1.25%) and 2-methyl-4-isothiazolin-3-one (0.25%-0.45%), 
which also contains magnesium chloride and magnesium 
nitrate, as shown in Table 1. However, there has been 
some concern about its use in formulations made with 
surfactants such as alpha-olefin suffonates which have 
been subjected to an oxidative bleaching process in man- 
ufacture. This is because sodium sulfite is added in a step 
subsequent to the bleaching step to neutralize residual 
oxidizing agent, and Kathon| CG/ICP is known to be 
degraded by sulfite or bisulfite (4). In fact, the use of 
bisulfite solution is recommended by the Rohm and Haas 
Company for destruction of Kathon| CG/ICP prior to 
disposal. Recommended decontaminant  solutions con- 
tain about 10% sodium bisulfite and are used at a pH of 4 
to 5.5 (5). This degradation is reported to occur by 
nucleophilic attack of the bisulfite ion to give the ring- 
opening reaction shown in Scheme 1 (4). The possibility of 
resulting concentrations of sulfite in the surfactant  suffi- 
cient to inactivate the Kathon| CG/ICP Microbicide has 
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TABLE 1 

Kathon| CG/ICP Microbicide 

Typical Composition % wt. 

Active ingredients 
5-chloro-2-methyl-4-isothiazolin-3-one 1.05-1.25 
2- methyb4-isot hiazolin -3-one 0.25-0.45 

Inert ingredients 
Magnesium chloride 0.5-1.0 
Magnesium nitrate 21-23 
Water 74-77 

+ HSO3Na ~ NaSO3-S-C=C-C-N-CH3 
r I I  

CH3 H O  

bot, i~oM-3--ere 

+ HSO N  ---, N SO -S-6=C-,C-N-CH  
Cl e l l3  H O 

IioltIL~oli~3-~m 

Scheme 1 - Degradat ion React ions  o f  Kathon| CG/ICP 

raised questions regarding the advisability of its use in 
products  formulated with bleached surfactants. Surfac- 
tant  manufacturers  who have been contacted do not 
have sulfite specifications for their products  nor do they 
routinely analyze for sulfite. Therefore, good data  on 
actual sulfite levels in surfactants were not available. 
Since the use of Kathon| CG/ICP Microbicide provides 
certain benefits to the formulator, and specifically since 
there is significant interest in the use ofKathon|  CG/ICP 
Microbicide as a preservative in AOS-based systems, it 
was decided to investigate the scope of this problem. 

EXPERIMENTAL 

In this work, sulfite analysis was by a conventional iodo- 
metric method in which a sample acidified with acetic 
acid is titrated with s tandard 0.05 N potassium iodate in 
the presence of potassium iodide and a starch indicator. 
The endpoint ks taken as the first appearance of a blue 
color (in water solutions) or brown color (in surfactant  
solutions) which is stable for 30 seconds. For titration of 
aqueous solutions of sodium sulfite, aliquots of the solu- 
tion to be analyzed were placed into 100 ml of 5% acetic 
acid, KI and starch indicator added, and the sample 
titrated. For analysis of surfactants, 25 ml of acetic acid 
was added to the surfactant  sample (usually 50 grams), 
followed by 75 ml water, KI and starch, and the titration 
was completed. Lowest level of sodium sulfite which 
could be measured using this procedure was 25 ppm. 

JAOCS, Vol. 67, no. 2 (February '1990) 



117 

STABILITY OF KATHON| CG/ICP IN AOS 

D e t e r m i n a t i o n  of  t o t a l  r educ ing  agen t  in AOS s a m p l e s  
was  done  by  a d d i t i o n  of  an  excess  of  s t a n d a r d  0.1 N iodine  
so lu t ion  to  a 1 g r a m  s a m p l e  in 100 ml of  de ionized  wa te r ,  
ac id i f ied  by the  a d d i t i o n  o f  5 ml of  50% H2SO4. Af t e r  an  
a p p r o p r i a t e  t ime  per iod ,  du r ing  which  the  so lu t ion  was  
s t o r e d  a w a y  f rom light, t he  excess  iodine  was  t i t r a t e d  
wi th  a s t a n d a r d  0.02 N s o d i u m  th iosu l f a t e  solut ion,  wi th  
t he  a d d i t i o n  of  s t a r c h  i n d i c a t o r  n e a r  t he  endpo in t .  

F o r  p o t e n t i o m e t r i c  t i t r a t ions ,  50 g r a m  s a m p l e s  of  sur-  
f a c t a n t  were  ac id i f ied  by a d d i t i o n  of  5 ml of  50% H2SO4. 
Redox  p o t e n t i a l  was  r e a d  by  a C o m i n g  Redox  Combina-  
t ion  E l ec t rode  (Cat .  No. 476064),  used  wi th  a Bec kma n  
Model  4500 digi ta l  pH m e t e r  se t  to  d i sp l ay  o u t p u t  in mil- 
livolts. T i t r a n t  was  de l ive red  by a M a n o s t a t  Casse t t e  
Pump,  J u n i o r  Model. T i t r a t ion  curves  were  r e c o r d e d  on a 
L inea r  I n s t r u m e n t s  Corp.  Model  281 s t r i p  c h a r t  r eco rde r .  
T i t r an t s  a n d  flow r a t e s  used  a r e  given in t he  d i scuss ion  
wh ich  follows. 

The HPLC sys tem used  for  ana lys i s  of  act ive c o m p o -  
n e n t s  of  Kathon |  CG/ ICP  Microbic ide  cons i s t ed  of  two 
W a t e r s  M-45 so lvent  p u m p s ,  a W a t e r s  U6K injec tor ,  an  
A l l t e c / A p p l i e d  Science  Econos i l  C18, 10u, 4 m m  • 25cm 
column,  a W a t e r s  Model  450 va r i ab le  wave leng th  de tec -  
tor ,  a W a t e r s  Model  720 D a t a  Module  a n d  a W a t e r s  Model  
730 Sys tem Control ler .  C h r o m a t o g r a p h i c  cond i t i on s  a r e  
shown  in Table 2. The  s e p a r a t i o n  of  c o m p o u n d s  of  in ter -  
es t  is done  in an  i socra t i c  mode ,  wi th  t he  g r a d i e n t  used  to 
c l ea r  t he  co lumn  of  i n t e r f e r r ing  m a t e r i a l s  p r i o r  to  the  
n e x t  inject ion.  Ka thon |  CG/ ICP  s t a n d a r d s  were  p re -  
p a r e d  by d i lu t ion  of  1.5% act ive  m a t e r i a l  ( as  p r o v i d e d  by 
Rohm a n d  Haas )  in deionized,  HPLC g r a d e  w a t e r  to  give 
1.5 p p m  solut ions .  S u r f a c t a n t  a n d  p r o d u c t  s a m p l e s  were  
p r e p a r e d  by  d i lu t ion  of  5 g r a m  s a m p l e s  to  25 g r a m s  wi th  
deionized,  HPLC g r a d e  wa te r .  S t a n d a r d  a n d  s a m p l e  solu-  
t ions  were  f i l te red  t h r o u g h  a 0.45 u f i l ter  p r i o r  to  in jec t ion  
into  t he  c h r o m a t o g r a p h .  A c c u r a c y  of  t he  q u a n t i t a t i v e  
d e t e r m i n a t i o n  of  Ka thon |  CG/ ICP  is e s t i m a t e d  to be _+ 
5%. 

TABLE 2 

Chromatographic Conditions 

Analysis of Kathon| CG/ICP Microbicide 

�9 C18 reverse phase column 
�9 ~ detector, 275 nm 
�9 Chart speed, 0.5 cm/min 
�9 Solvent: 

A. 25/75 MeOH/H20 w/0.4% dibasic ammonium phasphate 
B. 100% methanol 

�9 Solvent gradient 

Flow 
Time (min) (ml/min) % A % B 

In~ial 1 100 0 
14 1 100 0 
14.5 1 0 100 
16 1 0 100 
16.5 2 0 100 
20 2 0 100 
21.5 2 100 0 
24 2 100 0 
25 1 100 0 
30 1 100 0 
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FIG. 1. AOS manufacture.  
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DISCUSSION 

In F igure  1 is a s impl i f ied  f low-d iag ram for  a c o n t i n u o u s  
p r o c e s s  for  m a n u f a c t u r e  of  a lpha -o le f in  su l fona t e  (6,7). 
In t h e  process ,  a lpha-o le f ins  a r e  r e a c t e d  wi th  su l fur  t r iox-  
ide  in a th in  film r e a c t o r  u n d e r  con t ro l l ed  t e m p e r a t u r e  
condi t ions .  The r e a c t i o n  m i x t u r e  is n e u t r a l i z e d  to  yield a 
c o m p l e x  m i x t u r e  of  i ng red ien t s  (6,8) as  shown  in Scheme  
2. The  neu t r a l i z a t i on  is d o n e  u n d e r  s t rong ly  a lka l ine  (pH 
> 12) a n d  e l eva ted  t e m p e r a t u r e  cond i t i ons  to no t  only  
neu t ra l i ze  a lpha-o le f in  sulfonic  ac ids  b u t  also to  hydro -  
lyze t he  cyclic i nne r  e s t e r s  or  su l tones  to a lkene  sulfo- 
n a t e s  a n d  h y d r o x y  a lkane  su l fona te s  a n d  d i su l fona tes .  In 
add i t ion ,  t h e r e  a r e  severa l  s ide  r e a c t i o n s  which  m a y  
o c c u r  when  the  r e a c t o r  is run  u n d e r  less t h a n  o p t i m u m  
cond i t i ons  (6,8). These  a r e  shown  in S c h e m e  3. The pr i -  
m a r y  resu l t  of  t he se  r e a c t i o n s  is t he  f o r m a t i o n  of  
d i su l fona tes .  

Fol lowing  the  neu t r a l i z a t i on  a n d  hydro lys i s  s t ep  a n d  
p r i o r  to pH a d j u s t m e n t  (st i l l  a t  pH > 12), the  r e a c t i o n  
m i x t u r e  m a y  be b leached .  Bleach ing  by  hyd rogen  p e r o x -  
ide is r e p o r t e d  in t he  l i t e r a t u r e  (9)  b u t  is mos t  c o m m o n l y  
done  by a d d i t i o n  of  s o d i u m  hypoch lor i t e .  Fol lowing the  
b leach ing  s t e p  a n d  while  t he  s l u r ry  is still  a t  t he  high pH, 
s o d i u m  sulf i te  is a d d e d  to  neu t ra l i ze  t he  r e s idua l  hypoch-  
lor i te  r e m a i n i n g  a t  t he  end  of  t he  b leach ing  process .  This 
sulf i te  a d d i t i o n  m u s t  be done  before  pH r e d u c t i o n  
b e c a u s e  su l t ones  can  be r e f o r m e d  if t he  pH is r e d u c e d  
before  the  hypoc h lo r i t e  is des t royed .  Af t e r  sulf i te  t r e a t -  
ment ,  t he  f inal  p r o d u c t  is n e u t r a l i z e d  to  a pH which  is 
typ ica l ly  a r o u n d  8.0 to  8.5. 

The  f inal  p r o d u c t  will u sua l ly  c o n t a i n  a b o u t  40% sur fac-  
t a n t  ac t ives  of  which  a lkene  su l fona tes ,  h y d r o x y  a lkane  
su l fona t e s  and  d i su l fona te s  a r e  p r e s e n t  in t he  r a t i o  of  
a b o u t  70:30:10 a long  wi th  m i n o r  a m o u n t s  o f  o t h e r  reac-  
t ion p r o d u c t s  (6)  as  shown in Table 3. 

In t he  cour se  of  th is  work,  one  of  t he  ini t ia l  requi re -  
m e n t s  was  to  f ind a r ep roduc ib l e ,  a c c u r a t e  m e t h o d  for  
t he  d e t e r m i n a t i o n  of  sulf i te  in t he  s u r f a c t a n t  r a w  m a t e -  
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S c h e m e  3 - S e c o n d a r y  R e a c t i o n s  in  t h e  S u l f o n a t i o n  o f  AOS 

rials of interest .  Iodimetr ic  me thods  are c o m m o n l y  used 
for the  d e t e r m i n a t i o n  of sulfite or bisulfi te in aqueous  
solut ions.  A d i rec t  t i t r a t ion  with iodine has  been used, bu t  
it has  been  r epor t ed  t h a t  this  m e t h o d  can  give low resul ts  
as a resul t  of air  ox ida t ion  of the  su l furous  acid or its sal ts  
du r ing  the  t i t ra t ion .  Bet te r  resul ts  are r epor t ed  to be 
ob ta ined  with a m e t h o d  where  an  excess of iodine is 
added  and  back- t i t r a ted  with a r educ ing  agent  such  as 
sod ium thiosulfa te  (10). However, it was found  t h a t  nei- 
the r  of these  m e t h o d s  was  sui table  for the  d e t e r m i n a t i o n  
of sulfite in AOS samples  due  to in te r fe rence  from compo-  
n e n t s  of the  s u r f a e t a n t  p r e s e n t  in the  t i t r a t ion  solut ion.  
In  the  t i t r a t ion  of AOS, the  direct  t i t r a t ion  with iodine 
suffered from a lack of reproducib i l i ty  due to a chang ing  
e n d p o i n t  which was  d e p e n d e n t  on the speed with which 
the  t i t r a t i on  was  car r ied  out,  and  the  m e t h o d  uti l izing an  
excess of iodine and  back  t i t r a t ion  with s t a n d a r d  thiosul-  
rite gave very  large b l ank  values, even in AOS samples  
which had  not  been b leached du r ing  m a n u f a c t u r e  a nd  to 
which  no sulfite had  been added.  These f indings  were  
conf i rmed  by the  l abo ra to ry  of an  AOS m a n u f a c t u r e r .  
This m e t h o d  was, in fact, u sed  to es t imate  to ta l  r educ ing  
agent  in AOS samples.  

TABLE 3 

AOS C o m p o s i t i o n  

Active matter  
Alkene sulfonates 
Alkane hydroxysulfonates 
Disulfonates 

Neutrals 
Alpha olefin 
Internal olefin 
Sec-alcohols 
Paraffins 
1.4~Sultones < 50 ppm 

Salts 
Sodium sulfate 
Sodium chloride 
Sodium hydroxide 

Water 

%W 

35-40 

0.5-1 

1-2 
0.5-1 
0.1 

balance 
100 
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TABLE 4 

E f f e c t  o f  pH on  Stab i l i ty  o f  S o d i u m  Su l f i t e  

% Activity 

Time pH 2.0 pH 4.6 pH 7.0 pH 8.8 pH 11 

0 100.0 10O.0 100.O 1O0.0 100.0 
24 hr 90.0 92.6 60.6 51.1 48.9 
48 hr 53.8 91.1 51.0 11.2 11.5 

Final pH 1.9 3.8 3.9 7.2 10.7 

TABLE 5 

E f f e c t  o f  D i s s o l v e d  O x y g e n  on  R e c o v e r y  o f  S o d i u m  S u I f i t e  

Order of Addition in K103 Titration % Recovery 

1. Water 
2. Na2SO 3 87 
3. Acid 

1. Water 
2. Na2SO3 (wait 6 minutes) 83 
3. Acid 

1. Water 
2. Acid 98 
3. NazSO3 

1. Water (deaerated) 
2. NazSO 3 98 
3. Acid 

It  was  found  t h a t  a m e t h o d  involving the  t i t r a t i o n  of  an 
ac id i f ied  s a m p l e  wi th  s t a n d a r d  p o t a s s i u m  i o d a t e  so lu t ion  
in t he  p r e s e n c e  of  p o t a s s i u m  iod ide  a n d  s t a r c h  i n d i c a t o r  
was  m o s t  su i tab le  for  t he  d e t e r m i n a t i o n  of  sulf i te  in sur-  
f a c t a n t  samples .  In  t he  ac id  e n v i r o n m e n t  of  t h e  t i t r a t ion ,  
any  suif i te  p r e s e n t  will be c o n v e r t e d  to  bisulf i te  which  is 
ox id ized  by  the  i o d a t e  t i t r an t .  At  t he  endpo in t ,  excess  
i oda t e  ox id izes  the  iod ide  to  iod ine  which  is d e t e c t e d  by  a 
s t a r c h  i nd i ca to r  so lu t ion .  The e n d p o i n t  is a b lue  o r  b rown  
color,  d e p e n d i n g  on t h e  s a m p l e  be ing  t i t r a t ed .  Acet ic  ac id  
is p r e f e r r e d  for  t he  ac id i f i ca t ion  s t ep  b e c a u s e  of  i m p r o v e d  
stabi l i ty ,  in solut ion,  of  su l f i t e /b i su l f l t e  a t  a pH a r o u n d  4, 
as  will be d i scus sed  below. 

Since it is t he  r e s idua l  sulf i te  ion in t he  s u r f a c t a n t  r a w  
m a t e r i a l  r esu l t ing  f rom the  n e u t r a l i z a t i o n  of  excess  
b leach ing  agen t  which  is r e p o r t e d  to  be t he  p r o b l e m  wi th  
r e s p e c t  to  Ka thon |  CG/ ICP  Microbic ide  s tabi l i ty ,  it  is 
i m p o r t a n t  to br ief ly  c o n s i d e r  t he  c h e m i s t r y  of  suif i te  a n d  
bisulfi te,  wh ich  ex is t  in equi l ibr ium:  HSO3 + OH ( . . . . . .  
SO3 = + H20. At  the  a lka l ine  pH of  the  f in ished  s u r f a c t a n t ,  
t he  bisui f i te-sul f i te  equ i l ib r ium wou ld  be s t rong ly  on the  
suif i te  s ide  (11). 

M s o  of  i m p o r t a n c e  is t h e  fac t  t h a t  oxygen  in t he  a i r  can  
oxid ize  sulf i te  to  su l fa te  by  the  r e a c t i o n  2 SO3 + 0 2  . . . . .  
2SO4 =. The  ease  of  a i r  o x i d a t i o n  of  sod ium suif i te  u n d e r  
a lka l ine  cond i t i ons  is s u p p o r t e d  by  w o r k  of  Urone  and  
Boggs who  inves t iga ted  the  s tab i l i ty  of  s o d i u m  suif i te  in 
w a t e r  a n d  in d i lu te  s o d i u m  h y d r o x i d e  (12). They  found  
a b o u t  54% loss of  a c t i v i t ywi th in  4 days  in w a t e r  a n d  a b o u t  
90% loss of  ac t iv i ty  wi th in  2 days  in 0.1N NaOH. The r a t e  
of  th is  r e a c t i o n  is d e p e n d e n t  on pH, as  shown  in Table 4, 
w h e r e  s t ab i l i ty  was  t e s t e d  a t  pHs of  2.0, 4.6 ( n o r m a l  pH of  
NaHSO3), 7.0, 8.8 ( n o r m a l  pH of  N a 2 S Q )  a n d  11.0. In i t ia l  
sulf i te  c o n c e n t r a t i o n s  were  0.1% a n d  so lu t ions  were  

unbuffered .  As can  be seen,  s t ab i l i ty  is g r e a t e s t  a t  pH 4.6 
wi th  d e c r e a s e d  s t ab i l i ty  a t  pHs e i the r  above  o r  be low th is  
value.  As can  be seen,  t he  pH of  all so lu t ions  c h a n g e d  over  
t he  s t o r a ge  per iod ,  some  ve ry  signif icant ly,  b e c o m i n g  
m o r e  ac id  in every  case.  

I t  was  found  t h a t  the  oxygen  which  is n o r m a l l y  dis- 
so lved  in t he  w a t e r  used  in s a m p l e  d i lu t ion  c a n  be a f ac to r  
in ana lys i s  of  low levels of  s o d i u m  sulfite.  This was  s t u d i e d  
by chang ing  the  p o i n t  of  a d d i t i o n  of  s o d i u m  suif i te  du r ing  
the  t i t r a t i o n  p r o c e d u r e .  In t hese  e x p e r i m e n t s ,  a b o u t  0.05 
g r a m s  of  sol id  s o d i u m  sulfite,  wh ich  is equ iva len t  to  1000 
p p m  in a 50 g r a m  sample ,  were  d isso lved  in a b o u t  100 ml  
of  wa t e r .  As s h o w n  in Table 5, when  sol id  s o d i u m  suif i te  
s a m p l e s  we re  d isso lved  in wa te r ,  t hen  ac id i f ied  a n d  
t i t r a t e d  as  usual ,  low resu l t s  ( a b o u t  87% recove ry )  we re  
ob ta ined ,  even if t he  ac id  was  a d d e d  i m m e d i a t e l y  follow- 
ing the  a d d i t i o n  of  sol id s o d i u m  sulfite.  In an e x p e r i m e n t  
w h e r e  e x a c t l y  six m i n u t e s  were  a l lowed to e l apse  
b e t w e e n  a d d i t i o n  of  s o d i u m  sulf i te  a n d  acid,  r ecove ry  
d r o p p e d  to a b o u t  83%. However ,  when  the  w a t e r  was  
ac id i f ied  p r io r  to a d d i t i o n  of  sol id  s o d i u m  suifite,  r ecove ry  
was  b e t t e r  t h a n  97%. F u r t h e r ,  when  w a t e r  was  deoxygen-  
a t e d  by  s a t u r a t i o n  wi th  n i t rogen ,  r ecove ry  was  b e t t e r  
t h a n  97% even when  the  s a m p l e  was  a d d e d  to w a t e r  p r i o r  
to  ac id i f ica t ion .  This  sugges t s  t h a t  in t he  ana lys i s  of  low 
levels of  suifite,  it is i m p o r t a n t  to ac idi fy  the  s a m p l e  p r i o r  
to  d i lu t ion  wi th  wa te r ,  or  to  ac idi fy  t he  w a t e r  used  to  
m a k e  t h e  d i lu t ion .  Because  of  i m p r o v e d  s t ab i l i ty  of  sulf i te  
(b isui f i te)  a t  pH 4-5, ace t ic  ac id  is p re fe r red .  

When  AOS s a m p l e s  were  rece ived  f rom a m a n u f a c t u r e r  
who  b l eaches  wi th  h y p o c h l o r i t e  a n d  neu t ra l i zes  wi th  
s o d i u m  suifite,  ana lys i s  by  the  i o d a t e  m e t h o d  s h o w e d  no 
r e s i d u a l  suifite.  As a r esu l t  of  this,  a ser ies  of  e x p e r i m e n t s  
was  done  to a t t e m p t  to  p u t  t he  pe rce ived  p r o b l e m  of  
r e s idua l  suif i te  in to  pe r spec t ive .  In t hese  e x p e r i m e n t s ,  
AOS s a m p l e s  we re  sp iked  wi th  known  quan t i t i e s  ( ca  1000 
p p m )  of  s o d i u m  suifite.  I t  was  found  wi th  bo th  b l e a c h e d  
a n d  n o n b l e a c h e d  AOS t h a t  t i t r a t a b l e  levels of  suifite,  by  
the  i o d a t e  m e t h o d ,  d r o p p e d  ve ry  r a p i d l y  a n d  were  a t  neg- 
ligible levels wi th in  a b o u t  10 minutes .  S imi la r  t es t s  were  
d o n e  us ing  an  a l coho l  e t h e r  su l fa te  (AES)  s u r f a c t a n t .  I t  
was  found  t h a t  th is  s u r f a c t a n t  r e a c t s  m u c h  d i f fe ren t ly  
t h a n  does  AOS. When  s a m p l e s  of  AES a re  sp iked  wi th  
suifi te,  sulf i te  s t ab i l i ty  is c o m p a r a b l e  to  t h a t  in an aque-  
ous  solut ion.  Resul t s  a re  shown  in Table 6. This d i f fe rence  
is a t t r i b u t e d  to  reac t ive  c o m p o n e n t s  in t he  c o m p l e x  reac-  
t ion m i x t u r e  o b t a i n e d  in t he  su l fona t ion  of  AOS. 

In t i t r a t i o n s  of  AOS s a m p l e s  it was  f o u n d  t h a t  end-  
po in t s  f a d e d  r a t h e r  quickly, sugges t ing  t h a t  t h e r e  we re  

TABLE 6 

Stability of  S o d i u m  Su l f i t e  in AO S or AIES 

ppm Sodium sulfite* remaining 

AOS AES 
Initial 1000 1000 

10min 32 n/a  
30 min 32 455 
60 min 25 436 

120min 25 n/a 
6 hr 25 357 

*25 ppm is lowest level measurable under analytical conditions 
used. 
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FIG. 2. Potentiometric titration of  AOS. 

other oxidizable reducing) species in AOS. 3"o investigate 
this, titrations of AOS samples were done using a ceric 
ammonium sulfate solution with ferroin (1,10-phe- 
nanthroline ferrous sulfate solution) as the indicator. 
Titrations with this somewhat  stronger oxidizing agent 
(oxidation potential +1.443 as compared to +0.535 for 
iodine) gave nonstable endpoints which were very 
dependent  upon the rate of titration, and permanent  
endpoints could not be obtained even at relatively large 
titration values. This reducing proper ty  of AOS was stud- 
ied in another  set of experiments in which the potentio- 
metric titrations of acidified AOS solutions were done 
using the ceric ammonium sulfate solution. In these 
potentiometric titrations it was found that  bleached 
AOS showed a definite level of immediately oxidizable 
material before the potential began to increase with con- 
tinued t i trant  addition as shown in Figure 2. When cer- 
ate addition was ceased, the measured potential 
dropped toward the original level, indicating that  the 
cerate ion was being reduced. The unbleached AOS 
showed no indication of easily oxidizable material. With 
continued ti trant additon, the potential increased but 
began to level off at a potential lower than that  attained 
with the bleached sample. When t i trant  addition was 
ceased, the oxidation potential fell very rapidly as the 
cerate ion was reduced, as is shown in Figure 2. 

Total reducing agent in the AOS samples was deter- 
mined by the addition of an excess of s tandard  iodine 
solution to an acidified water solution. Samples were 
stored in the dark overnight and titrated for residual 
iodine with s tandard  sodium thiosulfate. Results 
showed the nonbleached AOS to have a total reducing 
capacity of 0.365 meq/gram; the bleached AOS had a 
reducing capacity of 0.313 meq/gram. To put this into 
perspective, this is equivalent to 4.62% and 3.94% sodium 
sulfite in the two samples, respectively. 

High-performance liquid chromatographic (HPLC) 
methods have been found to be extremely useful in the 
determination of Kathon| CG/ICP levels in surfactants 

1 I l l  

b 

c 

e 

d J  

FIG. 3. HPLC chromatogram of  Kathon| CG/ICP Microbicide. 
1, 2-methyl4-isothiazolin-3-one: 2, 5-chloro-2-methyl-4-isothi- 
azol in-3~ne: a, Standard; b, In AOS; c, In AOS after 24 hn  d. In 
AES; e, In AES after 24 hr. 
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TABLE 7 

Eff icacy of  I0  ppm Kathon | C G / I C P  Microbicide in AOS Containing Sodium Sulf i te  ~ 

Bacteria (CFU/ml) remaining 
Kathon| CG Sodium sulfite 

ppm A1 added ppm A1 added 2 wks 4 wks 6 wks 8 wks 

0 0 1.7X106 3 .8X105  1 .5X105  6.6X106 
10 0 <10 <10 <10 <10 
10 100 <10 <10 <10 <10 
10 500 <10 <10 <10 <10 
10 1000 <10 <10 <10 <10 
0 500 720 6.0XlO 5 2.2X10 ~ -- 
0 1000 320 280 2.6X106 -- 

Note: -- = not plated 
~Rohm & Haas Co.--used by permission. 

TABLE 8 

Kathon| C G / I C P  Microbicide Active Ingredient  Level  in Sodium Lauryl Ether  
Sulfate ~ 

Unbleached 

Bleached Bleached Bleached 
0 residual 25 ppm residual 50 ppm residual 
bisulfite bisulfite bisulfite 

Initial 10.6 9.6 9.9 10.6 
2 weeks 10.5 9.5 9.8 10.5 
4 weeks 10.4 9.6 9.5 10.5 
6 weeks 10.4 9.3 10.0 10.3 
8 weeks 10.3 9.1 9.7 10.5 
12 weeks 10.2 8.2 9.7 10.1 
22 weeks 9.8 7.3 92 9.8 
pH (10%) Initial 7.3 7.2 6.7 7.0 
22 weeks 7.1 7.1 6.3 6.6 

1Rohm & Haas Co.--used by permission. 

and  fo rmula ted  p roduc t s  (13). The analy t ica l  condi t ions  
suggested by Rohm and  Haas Co. (14) were init ial ly tried, 
bu t  it was found  t h a t  there  were in te r fe rences  with com- 
p o n e n t s  of a h a n d  c leanser  fo rmula ted  with AOS, as well 
as with AOS itself. Therefore,  all of the  resul ts  r epor ted  
here were r u n  using a modif ica t ion of t h a t  procedure ,  as 
was  deta i led in the  discuss ion of e x p e r i m e n t a l  methods .  

A c h r o m a t o g a m  of an  aqueous  solut ion of Kathon|  
CG/ICP Microbicide ob ta ined  using the p rocedure  indi- 
ca ted  is shown  in Figure 3a. Peaks for the  two active com- 
p o n e n t s  are seen at  abou t  5.2 m i n u t e s  for the  nonchlor i -  
n a t e d  mate r i a l  a n d  14.4 m i n t u e s  for the ch lo r ina ted  
mater ia l ,  respectively. 

In  Figure 3b is a c h r o m a t o g r a m  of an  AOS sample  con- 
t a in ing  0.05% Kathon|  CG/ICP Microbicide (7.5 ppm 
active) a n d  no sulfite. A n u m b e r  of peaks  a t t r i bu t ed  to the  
c o m p o n e n t s  p r e sen t  in AOS can  be seen. However, the  
two Kathon |  CG/ICP peaks are a p p a r e n t  and  fairly well- 
s epa r a t ed  from the  AOS componen t s .  Figure 3c shows a 
c h r o m a t o g r a m  of an  AOS sample  spiked with 1000 p p m  
sod ium sulfite, to which Kathon |  CG/ICP was added  at  
0.05%, af ter  the  sample  had  aged for 24 hours.  Quan t i t a -  
t ion of the  two Kathon@ CG/ICP peaks shows essent ia l ly  
100% recovery. C h r o m a t o g r a m s  of this  same  sample  after  
abou t  10 days show s imilar  results.  Results  of experi -  
m e n t s  done  by Rohm and  Haas Co. to de t e rmine  the effect 
of sulfite on Kathon |  CG/ICP levels on an t imicrob ia l  effi- 
cacy in AOS are shown in Table 7. These show tha t  the  

add i t ion  of up  to 1000 p p m  sod ium sulfite has no effect on 
the preservat ive  efficacy of Kathon |  CG/ICP in AOS, as 
would  be expec ted  based on our  findings. 

Shown in Figure 3d is a c h r o m a t o g r a m  of AES con ta in -  
ing Kathon |  CG/ICP Microbicide at  0.05%, wi thou t  added  
sulfite. The c h r o m a t o g r a m  of AES is much  c leaner  t h a n  is 
seen with AOS. Figure 3e shows the  c h r o m a t o g r a m  of a 
s imi lar  AES sample,  to which sod ium sulfite has  been 
added  at  1000 ppm, ob ta ined  af ter  24 hours.  As can  be 
seen, sod ium sulfite a t  this  level has  a very s ignif icant  
effect on the active Kathon |  CG/ICP level with s ignif icant  
r educ t ions  in both  peaks. In fact, we found  a comple te  
d i s a ppe a r a nc e  of the  ch lo r ina ted  c o m p o n e n t  of Kathon |  
CG/ICP wi th in  10 days. However, e xpe r i me n t s  done  by 
Rohm a nd  Haas Co. with AES, as shown in Table 8, indi-  
cate  t ha t  up  to 50 p p m  res idual  bisulfite has  no effect on 
the level of active Ka thon  | CG/ICP Microbicide in the  
sample.  

A pro to type  h a n d  c leaner  fo rmula t ion  which con- 
t a ined  20% of a 40% active n o n b l e a c h e d  AOS, 2% of a 35% 
active coco-amidopropylbe ta ine ,  3% of a 100% active 
coco-die thanolamide ,  1.5% ethylene  glycol m o n o s t e a r a t e  
a nd  abou t  0.03% (4.5 p p m  active) Kathon |  CG/ICP 
Microbicide was  found  to have 4.9 p p m  active Kathon |  
CG/ICP r e ma i n i ng  af ter  more  t h a n  11 m o n t h s  storage. 
The init ial  level r epor ted  is based on the  n o m i n a l  concen-  
t r a t i on  of Kathon |  CG/ICP added.  The p r o d u c t  was no t  
analyzed at  the t ime of manufac tu r e .  
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Based on these  findings,  it is conc luded  t h a t  the  per-  
ceived p rob lem re la ted to res idual  suifite levels in 
b leached  AOS is no t  of s ignif icant  i m p o r t a n c e  because  of 
the  i n h e r e n t  ins tabi l i ty  of the  sulfite ion in the  complex  
m i x t u r e  of c o m p o n e n t s  mak ing  up  t ha t  su r fac tan t .  It  also 
appea r s  that ,  a l though both  b leached a n d  nonb l eac he d  
AOS have a s ignif icant  r educ ing  capaci ty,  the  redox  
po ten t i a l  is low enough  t h a t  this is no t  a s ignif icant  factor  
in Kathon |  CG/ICP Microbicide stability. The effect of 
res idual  sulfite may, however,  be a factor  in o the r  
b leached su r fac tan t s .  In any  given formula t ion ,  it is the  
sulfite level of the  f inal  m i x t u r e  af ter  all d i lu t ions  have 
t aken  place which is p robab ly  mos t  significant.  

It m u s t  be recognized t h a t  the  effect of sulfite or bisul- 
rite ion on Kathon |  CG/ICP Microbicide s tabi l i ty  an d  its 
effectiveness as a preservat ive  is only  one facet  of a m u c h  
larger  a n d  more  compl ica ted  pic ture .  As with the  use of 
any  preservat ive  chemical ,  the  fo rmula to r  should  per-  
form a p p r o p r i a t e  chemica l  and  an t ibac te r i a l  chal lenge 
tests  with each formula t ion ,  using all approved  raw mate-  
rials, to d e t e r m i n e  t h a t  the  p r o d u c t  fo rmula t ed  is ade- 
qua te ly  p rese rved  at  the  t ime of m a n u f a c t u r e  a n d  t h a t  
the  preservat ive  has  a d e q u a t e  s tabi l i ty  in the  formu-  
lation. 
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