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I ~ O R  a bet ter  unders tanding of performance evalu- 
_1_7 ation results, obtained with commercial deter- 

gents, for  product  control, etc., a qualitative and 
(or) quantitat ive analysis of their  surface-active 
agents is necessary. Accordingly, an identification 
scheme has been developed which permits in general 
their  detection and determination. 

Impor tan t  types are, for  instance: 

Anion-active compounds 

(1) a]kylaryl sulphonates 

(2) f a t ty  alcohol sulphates 

(3) sec. alkyl su]phates 
(4) f a t t y  acid amide 

sulphates 

N on-ionies 

(5) alkyl phenol ethylene 
oxide derivatives 

(6) polythylene glycol 

Cationics 

(7) alkyl pyridinium 
compounds 

(8) quaternary ammonium 
compounds 

R aryl SO~Na (Naeconol, 
Oronite) 

ROSO~Na (Duponol, Gar- 
dinol, Fab )  

ROSO~Na ( '  ' TEEPOL ' ' )  
RONttROSO3Na (Eehfalon)  

R phenol (CaH,O)~ 
(Stergene) 

(C~H40)~ (Carbowax) 

/ \  

N ~  (Fixanol C) 

/ \  
R l~r 

NBr  (Lissolamine A) 
/ \ \ \  

"Mixtures of ( I )  and (2) or (1) and (3) are very  
common [Tide (U.S.A.), Omo (Holland) ,  Per r  (Hol- 
land) ,  Esi (Switzerland),  Fama (Switzerland),  Pon 
(Switzerland) ]. Mixtures of anionies and non-ionies 
also occur. 

Linsenmeyer (1) is one of the first who developed 
a system (1940) for  the qualitative analysis of the 
most important  products marketed at that  time. He 
divides them into eight groups on the basis of solu- 
bility of their  calcium salts and according to their  
acid resistance. This method does not cover the many  
types now on the market  and cannot be used for  quan- 
t i tative analyses. Moreover mixtures of base materials 
cannot be detected. 

Van der Hocve (2),  who has done a great deal of 
work in this field, has developed an analytical method 
that  is easy to apply  to individual substances although 
a somewhat simpler s t ructure  of the scheme would 
seem possible. His system is not suitable for mixtures 
either. Various specific reactions, first applied fo r  this 
purpose by Van der Hoeve, have been incorporated in 
the scheme described in the present paper. Bergeron 
et at. (3) have developed a method for  the qualitative 
analysis of anion-active detergents. They divide 24 
types into three classes on the s trength of their  acid 
stability. The procedure is unsuitable for  mixtures. 

1 Translation of an article published by ~ho same authors in C~e~a. 
Weekbtad, 49, 341-8 (1953). 
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Of the investigators who have tr ied to include mix- 
tures in their  systems Berkowitz and Bernstein (4) 
should be mentioned. They analyze mixtures of fa t ty  
acid soap and a synthetic detergent quantitatively. 
Their  method to determine the syndet as the differ- 
ence between t h e  alcohol-soluble par t  and the sum of 
the f a t t y  acid soap, sodium chloride, and traces of 
soda present  in the alcoholic extract  does not seem 
ful ly  to meet the requirements and can certainly be 
improved by using the method combined with that 
developed by Epton  (5) for  syndets. Moreover it does 
not ident i fy  the type of synthetic detergent. Gilby 
and Hodgson (6) divide the detergents into four 
groups on the strength of a qualitative determination 
of C, H, O, N, and S and use this scheme combined 
with a modified Linsenmeyer system. There is no pri- 
mary  division into anionics, eationics, and non-ionics. 
F o r  the quanti tat ive analysis use is made of Epton ' s  
t i t ra t ion method. In  the case of a mixture  of fa t ty  
acid soap and a synthetic detergent the latter is de- 
termined indirectly as the difference between total 
alcohol soluble and soap + fa t ty  matter.  However, 
although some mixtures of syndets can be qualita- 
t ively identified, the method is unsuitable for quanti- 
tative determinations. 

Attempts  were made by  the present authors to de- 
velop a scheme for  general application which at the 
same time is suitable for  qualitative and quantitative 
analyses of surface-active agents and their  mixtures. 

As in the methods of Wurzschmit t  (7, 8) and Gilby 
and Hodgson (6) the reactions or determinations are 
to be carried out a f te r  removal of the inorganic con- 
stituents f rom the mixture.  

The scheme makes use of the main division into 
anion-active substances, cation-active substances, and 
non-ionic substances. 

I t  should be emphasized that  the separations into 
an alcohol-soluble and an alcohol-insoluble part ,  as 
described below, and some identifications (namely, 
those based upon the presence of nitrogen) can only 
be carried out when the cation is an alkali metal or an 
alkaline-earth metal. Where  NH4 + is present as a 
cation it can easily be identified, e.g., by means of 
Nessler 's reagent, and subsequently be removed by 
means of alkaline bromine (reagent 6) as follows: 

Ten g. of sample are dissolved in 50 ml. of water, 
a f te r  which 100 ml. of alkaline bromine solution are 
added. The mixture  is allowed to stand for 1 rain. at 
room temperature.  (Af te r  this time a drop of Nes- 
sler 's  reagent at a glass r o d  should no longer show a 
brown discoloration). To determine whether salts of 
amines are present, 50 mL of 30% NaOH are added, 
and the mixture  is boiled for  two hours under  reflux. 
The vapors are tested for  the presence of amines by 
means of red litmus paper. I f  the paper  turns blue, 
the mixture  contains amines. 

When organic cations are present (ethanol amines, 
guanidine, morpholine),  there is no point in an al- 
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coho l  s e p a r a t i o n ,  on  a c c o u n t  o f  t h e  s o l u b i l i t y  o f  t h e  
c o r r e s p o n d i n g  s a l t s  o f  t h e  i n o r g a n i c  a n i o n s  i n  t h e  
a lcohol .  T h e  t e s t  f o r  a m i n o - n i t r o g e n  w i t h  N e s s l e r ' s  
r e a g e n t  m e n t i o n e d  in  F i g u r e  2 m u s t  t h e n  be  r e p l a c e d  

UNKNOWN SuRFACE-ACTIVE AGENTS 

(Albion.active, cation-active or/and non-Joint) 

Bromophenol blue reaction: 
10 ml. buffered bromophenol blue solution (reagent 1), 
add 2-5 drop~ of the ahout 1cfr sol.tlon to be examined 

(the pit of which hag bee. adjusted at about 7) 

Ncgatiw, reaction Positive reaction 
(Sky.blue colour) 

Auiml-a~qive producls a.nd/or non-io.ies 
add 1(I m]. 1'~ Solidogen BSE (reagent 2) 
to 10 ml. of a l'/c soh,tion in water of t h e t  I''oduet to be examined I Cati ... . . .  tire products ] 

(can be mixed 
up with uou-ionics) 

Turbidity or precllfitatc Clear 

L 
(l~ow alnI thell iB combi~latlou 

wilh non-ionics) 

Fro. I. 

b y  a q u a n t i t a t i v e  n i t r o g e n  d e t e r m i n a t i o n ;  i n  t h a t  case  
o n l y  a m o r e  e x t e n s i v e  a n a l y s i s  c a n  g ive  a d e c i s i v e  
a n s w e r  as  to  t h e  t y p e  o f  s u r f a c e - a c t i v e  c o m p o u n d  
p r e s e n t .  

1. ANALYTICAL SCHEME 

T h e  a n a l y t i c a l  s c h e m e  u s e d  is b a s e d  on  t h e  fol -  
l o w i n g  c l a s s i f i c a t i on :  

I. Anion-active products 
These products are divided into three main groups: 
1. products still containing compounds in which the only 

hydrophilic group is the COOl~Ie group (Me = m e t a l ;  
2. products which can be split up by boiling with mineral 

acid, with formation of higher alcohols or fa t ty  acids; 
3. products which cannot be split up by means of mineral 

acid. 

i I .  Cation-active products 
1. quaternary ammonium bases 
2. pyrldinium compounds 
3. hydrochloric salts of high molecular weight amines 
4. sulphonium compounds 

I I I .  Non-ionic products 
I. ethylene oxide polymerization products 
2. esters of polyhydric alcohols 

Chemicals Required : 
1. Solidogen BSE (cation-active substance, supplied by Cas- 

sella Farbwerke, Mainkur, Frankfort-am-Main, Fechen- 
helm, Germany, and prepared by the action of dimethyl 
sulphate on the condensation product of polyethylene di- 
amine with chlorinated paraffin wax). 2 

~Theoretieally, an), cation-actiVe agent will do, but some of them only 
give turb~dities while others produce a p r e c i p i t a t e .  Tho lat ter  group is 
the most suitable fo,r our purpose. Oat ionic materials which, according 
to v. d. Hoeve (2) ,  may be substituted include "Solidogen F P L "  (0as- 
sella Farbwerke, 3/Iainkur), "Fixanol VI~" (Imperial  Chemical Indus- 
[ties), and "Liovatin E "  (Sandoz). 

2. Echtrotsalz AL 8 (diazotized a-amino anthraquinone). 

Reagents Required : 
1. Buffered bromophenol blue solution: 

71~ ml. of sodium acetate 0.2 N. 
921/2 ml. of acetic acid 0.2 N. 

2 ml. of bromophenol blue 0.1% in alcohol 96%. 
The p g  of this solution must be between 3.6 and 3.9. 

2. 1% solution of Solidogen BSE in water. 
3. Nessler 's  reagent (5 g. KI  in 5 ml. H~O. Add a HgCL_, 

solution [1:20] until the precipitate remains. Filter over 
glass wool, add a solution of 15 g. KOH in 30 ml. H..O 
and add H20 to 100 ml.). 

4. Diazo reagent: Echtrotsalz AL, 2% solution in water. 
5. Naphthol reagent: 0.1% fl-naphthol in 1 N NaOH. 
6. Alkaline bromine solution: 31.2 g. of bromine q-15.6 g. 

NaOH per litre of water. 
7. Spacu's reagent (9):  dilute solution of cupric acetate to 

which some drops of 10% potassium thiocyanate solution 
have been added. 

8. K L  reagent : 1.27 g. Ix d- 2.0 g. K I  per litre. 

2. LIST OF TESTS FOR QUALITATIVE ANALYSIS 

Reaction I. Anion-active products 
To 10 ml. of a 1% solution of the surface-active agent in 

water, 10 ml. 1% Solidogen-BSE solution (reagent 2) or 
another cation-active substance is added. Turbidity or a 
precipitate points to the presence of anion-active products. 

Reaction II.  Cation-active products 
To 10 ml. of a buffered bromophenol blue solution (re- 

agent 1) 2-5 drops of the about 1% solution to be examined 
(the pH of which has been adjusted at about 7) are added. 
Cation-active products give a sky-blue color. I f  they occur, 
anion-active products will be absent in consequence of the 
mutual reactivity of anion-active and cation-active products, 
resulting in the formation of compounds practically insol- 
uble in water. 

Reaction HI .  Non-ionic products 
When the two preceding reactions are negative, the sur- 

face-active material present belongs to this class, which is 
formed by the potyethene oxide condensation products and 
the esters of polyhydrie alcohols. The former are the more 
frequent ones and can easily be identified by adding some 
drops of the solution to be examined to 10 ml. of a KI3 solu- 
tion (reagent 8). A discoloration from orange to red or 
reddish brown or the formation of dirty greyish brown- 
colored precipitates reveals their presence. 

Reaction IV. Nitrogen 
200 mg. of the dried product are mixed with 800 mg. of 

sodium hydroxide in a reaction tube, af ter  which a plug of 
glass wool is placed on top. The tube is gently heated above 
a small flame or in a sand bath at 200~ a red litmus 
paper is kept over it  (the gases can also be passed into 
water via a tube).  Blue coloration (or coloration of the 
Nessler reagent) points to nitrogen. 

Reaction V. Nitrogen (Biuret reaction) 
To l0 ml. of a .1~ aqueous solution of the original alcohol- 

soluble part  of the product to be examined are added 1 ml. 
of 10% NaOH and 0.5 mh CuSO~ 5 aq. (0.3%). The mix- 
ture is heated gently. When ~ violet color appears, the re- 
action is positive. 

Reaction VL Nitrogen (Nessler reaction) 
The sample to be tested is made alkaline by the addition 

of a concentrated NaOH solution. When Nessler 's reagent 
(reagent 3) is added, ammonia nitrogen produces a brown 
color. Yellow and white precipitates are formed when amines 
are present. 

Reaction VII.  Naphthalene rings 
When a 1% solution of an alkyl naphthalene sulphonate 

is mixed with an equal amount of the Echtrotsalz AL re- 
agent (reagent 4), a brown precipitate is formed. The solu- 
tion under test has to be neutral since alkaline solutions 
invariably give brown precipitates. 

aFas t  Red Salt AL is stated to be the equivalent (2) (General Dye- 
stuffs Corporation). 
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:Reaction V I I I .  Detection of one-ring aromatics [Guerbet 
reaction (11) ] 

The  fol lowing procedure  was used,  which is somewha t  
] i f ferent  f r om t h a t  c i ted:  

a)  Mix 100 mg.  of  dry  ac t i ve  m a t t e r  wi th  2-3 ml. of  f u m -  
ing  n i t r ic  ac id  and  hea t  to d ryness  on a s and  b a t h  
(200~  care  should be t aken  t h a t  no ca rboniza t ion  
takes  place. 

b )  Add  to the  res idue  2 ml. of concen t ra ted  hydrochlor ic  
acid and  5 ml. of  abso lu te  alcohol. St i r  and  hea t  on a 
wa te r  b a t h  wi th  0.5 g. of  zinc dus t  till the  alcohol ha s  
a lmos t  evapora ted .  

e) P lace  the  m i x t u r e  in  a s e p a r a t i n g  funne l ,  di lute  with 
wate r  to 20 ml., and  ex t rac t  twice wi th  ether.  

d)  Di lu te  the  wa te r  l ayer  with wa te r  to 40 nil., add  30% 
sodium hydrox ide  solut ion to dissolve the  zinc hydrox-  
ide, and  ex t rac t  twice wi th  ether.  Combine the  e ther  
ex t rac t s  of  c) a n d  d) and  shake  with 5 ml. of  3 N 
hydrochlor ic  acid.  D i scha rge  the  ac id  and  d i lu te  wi th  
10 ml. of  water .  

e) A d d  5 ml. of  1% sodium n i t r i t e  to 5 m]. of  the  acid 
solution,  cool in  ice for  5 min.  T hen  s t i r  the  mix tu r e  
into 7 ml. of  ice-cooled 0.1% f l -naphthol  solut ion (re- 
agen t  5) .  Take  care t ha t  this  solut ion gives an  a lka-  
line react ion.  Alky la ry l  su lphona tes  give a n  orange- red  
color, the  d y e  f o r m e d  is ex t rac tab le  wi th  chloroform.  

React ion  IX .  Detection of scconda~'y higher alcohols (10) 
As  a resul t  of  the  act ion o f  HNO~ on secondary  alcohols,  

ac id - reac t ing  n i t ro -a lka lanes  a re  fo rmed ,  which produce  char-  
ac te r i s t ic  K and  Ag  sal ts .  T r a n s f e r  1 ml. of  the  alcohol 
unde r  test ,  t oge the r  wi th  an equal  volume of HNO.~ (spec. 
gray .  1.35), into  a t e s t  tube,  heat ,  and  di la te  wi th  wa te r  
when  the reac t ion  is complete.  T hen  shake  out  with ether.  
The  e ther  layer  is s epa r a t ed  and  evapora ted .  The r e s i d u e  is 
t aken  up  in alcohol. F ina l ly ,  alcoholic K O H  is added,  a n d  

t h e  mix tu r e  is l e f t  u n d i s t u r b e d  for  some t ime.  Secondary  
alcohols then  give yellow p r i sms  of  the  n i t ro-a lkyl  sal ts .  
P r i m a r y  alcohols, when  t r ea t ed  in t he  same way,  f o r m  neu- 
t r a l  es ters  of  n i t r i c  and  n i t rous  acid, which do no t  precipi-  
t a t e  when  K O H  is added.  

Reac t ion  X. Detection of pyridinium compounds (9)  
The  sample  u n d e r  test ( in  abou t  5 %  aqueous  so lu t ion)  is  

m a d e  j u s t  acid wi th  concen t ra ted  acetic acid. Add  an  equal  
a m o u n t  of  S p a c u ' s  r e a g e n t  ( r e agen t  7) .  Pyr id in~um com- 
pounds  produce a d i r ty  green  color due to the  f o r m a t i o n  of  
copper py r id in ium rhodanide .  

3. PRETREATMENT OF AN U N K N O W N  PRODUCT FOR THE 
ANALYSIS 

The present  commercial products  va ry  wide ly  in 
their  active mat te r  content ;  moreover complicated 
" b u i l d e r "  compositions are often found, especially 
with detergent  powders. I t  is therefore  desirable, be- 
fore s tar t ing the investigation proper,  to have some 
ideae of the active mat te r  content. As fa r  as products  
of the anion-active type  are concerned (which consti- 
tute a great  ma jo r i ty ) ,  this can easily be obtained by  
the so-called methylene blue t i t ra t ion (5),  a method 
carr ied out in a two-phase system where methylene 
blue is used as indicator  and a cation-active substance 
as s tandard  solution. Fo r  conversion into a percentage 
wt. an equivalent weight of 350 can be taken. I t  is 
clear tha t  this method gives only a rough indication of 
the active mat te r  content ;  no non-ionic products  and 
f a t t y  acid soap are found. ~ This " p r e - a n a l y s i s "  is 
ve ry  useful  for the fu r the r  investigation, however. 

4. :REMOVAL OF INORGANIC INGREDIENTS 

To remove the major i ty  of the inorganic salts pos- 
sibly present,  enough isopropyl alcohol is added to the 

4 A method for the quaaltitative determination ~f eth:~'len6 oxid~ pro,d~ 
acts has lately ;aeen repo.rted by N. SchSnfeld in Nature, 17~, 820 
(1953) Potassium ferro, cyanide is added in excess to. the so.lution %o 
be analyzed, and, after filtering off the precipitate, the amount of potas- 
sium ferro cyanide in the filtrate is determined by titratio.n with zinc 
sulphur.  

aqueous solution of the sample to be examined so tha t  
the final concentrat ion of this alcohol is about 92% 
or more. Powders  are mixed with some water  to fo rm 
a paste and are boiled up af ter  the addit ion of the 
alcohol. Af te r  fil tration the filter residue is t rea ted  5 
once more in the same way and is then almost free 
f rom active matter .  The quant i ty  still remaining i n  
the salt can, if desired, be determined by  the methyl-  
ene blue t i t ra t ion (5). 

The alcohol solution is now made just  alkaline to 
phenolphthalein and  then distilled under  moderate  
vacuum (pressure about  2-10 am. H g ) ,  water  being 
added unti l  an aqueous solution containing 5-10% 
solid ma t t e r  and 10-20% alcohol is obtained. In  view 
of the low heat s tabil i ty of some substances and the 
consequent possibility of acid formation,  it must  oc- 
casionally be ascertained if the solution still shows an 
alkaline reaction to phenolphthale iu;  i f  necessary, a 
drop of sodium hydroxide must  be added. The quan- 
t i ty  of organic mat te r  required for a total  quanti ta-  
tive analysis grea t ly  depends on the composition of 
the components and amounts  to not more than  about  
15 g. 

5. DIVISION OF THE U N K N O W N  TYPES OF ACTIVE ]VIAT- 
TER, CATION-ACTIVE AND NON-iONIC COMPOUNDS 
(F igure  I ) .  

The scheme is based on the p r ima ry  separat ion into: 
I.  Anion-act ive  p roduc t s  

I I .  Cat ion-act ive  p roduc t s  
I I I .  Non- ionic  p roduc t s  

Anion-active produc t s  are  p re sen t  i f  the  solut ion unde r  t es t  
gives a p rec ip i ta te  or i f  i t  becomes t u rb id  on add i t ion  of a 
cat lon-act ive  subs tance  ( reac t ion  1) .  

Cation active products, on the  other  hand,  give p rec ip i t a tes  
wi th  anion-ac t ive  subs tances .  Moreover  they  change  the  color 
of  some ind ica tor  solut ions.  W i t h  a buf fe red  b romopheno l  b lue  
solut ion a sky-blue color is ob ta ined  ( reac t ion  2).  

Non-tonics, when be long ing  to the  e thylene  oxide deriva-  
t ives,  c an  be identif ied by the i r  reac t ion  wi th  a solut ion of 
iodine in  K I ,  r e su l t ing  in dark  red  colors or b rown  to g rey  
p rec ip i t a tes  ( reac t ion  3) .  Since th is  type  of compounds  is  
somet imes  b lended wi th  an ion-ac t ive  products ,  i t  is des i rable  
also to ca r ry  out  th is  r eac t ion  when  the  presence of anion-act ive  
compounds  ha s  a l ready  been  demons t ra t ed .  I t  should  be re- 
m a r k e d  t h a t  th i s  me thod  is sens i t ive  to a concen t r a t ion  of ab o u t  
0.05% in  the  solut ion to be  examined .  

6. SUBDIVISION OF THE ANION-ACTIVE COMPOUNDS 

When in the solution under  test anion-active com- 
pounds have been detected, a type of separat ion can 
take place by  repeated extraction as indicated in 
F i g u r e  I I  while the presence of admixtures  such as 
higher alcohols, f a t t y  acid amides, and  f a t t y  acid 
alkylol  amides (which are sometimes present  as wash- 
and foam-promoters)  can-also he determined. 

In  order to ensure quant i ta t ive separations, par-  
t icular ly  between the surface-active agents and  any  
wash- and  foam-promoters  present,  the concentration 
of surface-active mater ia l  in the sample (alcohol-sol- 
uble pa r t )  should not be higher than  10% wt. since 
in a more concentrated solution the solubility of the 
above promoters  is too great.- Even if this condition 
is fulfilled some wash- and foam-promoters  are diffi- 
cult to remove. I t  is therefore advisable to repeat  the 
first extract ion with e ther /pen tane  5 to 10 times, each 
t ime with 50 ml. of solvent, in a separa t ing  funnel.  

s Care should be taken that th~ piq of this solution does not decrease 
to below 7,5 during this treatment; if necessary, a drop of alkali can 
be added. 
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This treatment can also be carried out by means of a 
suitable continuous extractor (about 4 hrs.). 

The ether/pentane extract is once washed with 
water (washings to be added to the extracted solu- 
tion) and dried on anhydrous sodium sulphate, after 
which the  solvent  is dis t i l led off. 

E x t r a c t  I.  This extract  may contain, in addition to the 
above-mentioned wash- and foam-stabilizers,  f a t s  and  f a t t y  
acids (e.g., f rom super fa t ted  soap) and hydrocarbons  generally 
or ig inat ing f rom surface-active agents  prepared  f rom hydro- 
carbons. F rom a determinat ion of the acid value, saponifica- 
tion value, hydroxyl value, n i t rogen content, molecular weight,  
boil ing range,  etc., it can in most  cases be inferred whether  
certain products  are present  or not. 

E x t r a c t  I I .  This extract  can only contain f a t ty  acids origi- 
na t ing  f rom products  with a carboxyl group as the only hydro- 
philic group,  viz. : 

I. F a t t y  acid soap 
2. (Low) sulphated fa t s  or f a t ty  acids (e.g., some types of  

Turkey-Red Oil) 
3. P r o t e i n / f a t t y  acid condensation products  (e.g., Lame- 

pen  A) .  

Ex t rac t  I i .  contains all of the f a t t y  acids of product  (1) ,  
those of products  (2) and (3) only as f a r  as they are not  
sulphated or bound to the disintegrated proteins.  

The first method to dist inguish between these three types is 
test ing them for  n i t rogen (reaction IV . ) ,  using a sample of  
the alcohol-soluble pa r t  of the product  to be examined, which 
sample has been evaporated to dryness. The presence of nitro- 
gen and a positive Biuret  reaction (react ion V.) point  to the 
presence of pro te in- fa t ty  acid condensation products.  

The separat ion is continued with the non-extractabl~ pa r t  :II. 
already present  (see F igure  I I ) .  (Low)  sulphate d f a t t y  acids 
are present  if  in extract  I V  f a t t y  acids are obtained with the 
same or almost the same constants  (acid value, saponification 
value) as those of extract  I I .  

I f  fu r the r  separat ion no longer yields any fract ions,  f a t t y  
acid soap is present  as the only surface-active agent.  

I t  should be remarked that  possible mixtures of pro te in- fa t ty  
acid condensation products  with f a t ty  acid soap or sulphated 
f a t t y  acids are characterized, either by an unusual  f a t t y  ac id /  
n i t rogen ratio, or by the additional presence of sulphur as a 
hydrolysable sulphate. 

Mixtures of f a t t y  acid soap with f a t t y  alcohol sulphates or 
sulphosuccinic esters are characterized by the presence of alco- 
hols in extract  I I I .  I f  the f a t t y  acid soap is mixed with other, 
more complicated f a t t y  acid derivatives, f a t t y  acids are aga in  
found  in extract  IV., bu t  in tha t  case the constants  of these 
f a t t y  acids generally differ f rom those obtained in extract  I I .  
Besides the f a t t y  acids in extract  IL ,  mixtures  of f a t t y  acid 
soap and sulphonates give sulphonic acids in water  layer I 
or I I .  

I n  the hydrolysis of the non-extractable pa r t  II ,  the condi- 
t ions of which are so r igorous that  as a rule the products  which 
are difficult to hydrolyse (e.g., Igepon  T)  are also decomposed, 
a mixture  of higher alcohols and f a t t y  acids can be formed 
while sulphonic acids may  also be present.  The sulphonic acids 
can be removed f rom this mixture by washing with water.  A 
wash with 2 ~ caustic solution is an at t ract ive method of sepa- 
ra t ing  alcohols f rom f a t t y  acids, by which it is possible to 
determine the constants  of the products  obtained. 

Ex t rac t  I l L  now only contains alcohols or iginat ing f rom:  
1. P r imary  alkyl sulphates ( G a r d i n o l ,  '~Sulphonated 

Lorol ' ' ) 
2. Secondary alkyl sulphates (' ' T E E P O L '  ')  
3. Sulphonated succinie esters (Aerosols)  

E x t r a c t  I V .  This extract  contains f a t t y  acids 6 or ig inat ing 
f rom the following compounds:  

l .  F a t t y  acid amide sulphates or sulphonates (Oratol,  Ige- 
pen T, Humectol  CX, Echfa lon)  

2. Sulphated f a t t y  acid esters (Calsolene oil) 
3. F a t t y  acid derivatives linked with a sulphate or sul- 

phonate group via an ester bond ( Igepon  A) ,  sulphated 
f a t t y  acid monoglycerides (Vel Beauty  Ba r )  

4. (Highly). sulphated f a t t y  acids 
5. Pro te in- fa t ty  acid condensation products.  

The term "fatty acids" to be taken in a wide, sense. 

Water layers I. and II. Sulphonates, if present in 
the product to be examined, give rise to sulphonic 
acids in water layers I. or II., dependent on the com- 
position of the product. When they occur in water 

UNKNOWN TYPE(S) OF CATION-ACTIVE COMPOUND(S) 

( [1] Sulphonium compounds, [21 salts of high-molecular amines. 
[3] pyridiniu m compounds, [4] quaternary ammonium eompoands) 

Bromine lye treatment (reagent 6) followed by boiling 
with alkali (for procedure see introduction p. 1) 

Amino-nitrogen 

Negative Positive (products 
[2], [3], and [4]) 

1. Sulphonium compounds 
(if the test for organically Make a 1% solution of the 
bound sulphur is positive) original sample alkaline with Na0H 

Clear (products ]3] and [4]) 

t 
Boil 2 g. of original sample for 

two hours with 40 ml. 30% Na0H 

1 
Reaction with Spacu's reagent 

(roagent 7)" 

Precipitate 

I 2. Salts o~ high-moleeular [ 
amines 

! 

Make 3 nil. of the alkaline water layer just acid [ 
with concentrated acetic acid and add an equal 

I volume of Spacu's reagent. A precipitat~ of a 
dirty green colour points to a positive reaction. 

Positive Negative 

I 3, Pyridini . . . . . . .  pounds I [ 4. Quat . . . . . .  y a  . . . .  iumeompounds' '] 

Fin.  I I I .  
a The test with Spaeu's reagent can only be used for a qualitative 

analysis. It should be ~dded that: 
(a) If  pyridinium compounds ar~ found, the pa.ese~lce of quaternary 

ammonium compounds is not precluded. 
(b) If salts of high-molecular amines have been fo.und and it is 

desired to ascertain wheter there are still other cation-active compounds 
that contain nitrogen, the separated amines should be remo.vd by ex- 
traction with e,ther before carrying out the reaction with Spacu's re- 
agent. A negas reacs with Spacu's reagent may in this case also 
mean that there are no such compounds. To verify this, the solutio.n 
from which the high-molecular amines have been re,moved should again 
b~ tested for the p.resenco of nitrogen and cation-active substances. 

layer I., neutralization with NaOH to pH 7 gives a 
mixture of sulphonates and, for instance, sodium 
sulphate. 

]f  a further quantitative separation is desirable, 
this can be done by precipitation of the NafSQ with 
alcohol, filtration, and evaporation. The value found 
by means of the methylene blue titration (5) com- 
bined with the weight of the amount of alcohol solu- 
bles gives the equivalent weight of the sulphonates. 

The following are the most usual types: alkyl naph- 
thalene sulphonates (e.g., Nekal BX) ,  alkyl benzene 
sulphonates (e.g., Oronite), and aliphatic sulphonates 
(mersolates). 

The alkyl naphthalene sulphonates can immediately 
be recognized by the brown precipitate produced 
when Echtrotsalz AL (reagent 4) is mixed with an 
equal volume of a 1% active-matter solution prepared 
from water layer I. or II. (reaction ]VIII ). This solu- 
tion must not be alkaline however since in this case 
the reagent invariably gives a brown precipitate. 
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The alkyl benzene sulphonates and other one-ring 
sulphonates can be identified by means of ~he Guerbet 
reaction (11). When they are present, an orange-red 
color appears (reaction VIII ) .  

Aliphatic sulphonates only give a light-yellow dis- 
coloration. Another characteristic difference between 
aliphatic and alkylaryl sulphonates is their absorp- 
tion of U.V. light The latter have a very marked ab- 
sorption between 2,200-2,400 A. 

Finally, alkylaryl sulphonates in a 0.5% solution 
produce turbidity or precipitates when they are mixed 
with an equal volume of 1 N potassium hydroxide. A 
solution of aliphatic sulphonates remains clear. 

7 .  S U B D I V I S I O N  OF T H E  C A T I O N - A C T I V E  P R O D U C T S  

The group of the cation-active products comprises: 
quaternary ammonium bases ( L i s s o l a m i n e  A) ;  
pyridinium compounds (Fixanol C);  hydrochloric 
salts of h i g h - m o l e c u l a r ,  amines; and sulphonium 
compounds. 

The fourth group is distinguished from the others 
by the absence of nitrogen (any ammonia nitrogen 
present having been removed by a treatment with 
alkaline bromine solution). The hydrochloric salts of 
high-molecular amines, when reacted with alkali, give 
a separation of the amines; the two other groups 
can be distinguished on the basis of their behavior 
with respect to copper acetate (potassium thiocyanate 
solution) (Spacu's reagent, reagent 7). The above is 
elucidated in Figure III.  

8 .  S U B D I V I S I O N  OF T H E  N O N - I o N I c  P R O D U C T S  

In Section 2 it has already been noted that the two 
types of non-ionic products are polyethylene oxide 
condensation products and the mono-esters of poly- 
hydric alcohols. They can be distinguished by means 
of the KI~ reaction (reagent 8). If  this reagent is 
added to the ethylene oxide condensation products, a 
red discoloration or even a brown precipitate appears. 
This group can be subdivided on the basis of the dif- 
ference in stability of the various components in an 
acid medium. 

When a sample (about 2 g.) is boiled for an hour 
with 40 ml. of 10% hydrochloric acid, a top layer of 
fa t ty  acids is obtained if they were linked to poly- 
ethylene oxide. Fa t ty  acid amide derivatives also give 
fatty-acid separation. 

Polyethylene oxide and condensation products of 
ethylene oxide with fat ty alcohols and of ethylene 
oxide with amines remain almost clear. 

Figure IV gives a picture of the further separation 
in this group. 

Discussion 

The above-mentioned system has been successfully 
applied in our laboratory for a long time. Below 
follows an analysis on a qualitative and quantitative 
basis of a mixture prepared from two " synde t s "  and 
fat ty  acid soap in the presence of some builders. 

The figures show that analysis according to the new 
scheme gives results accurate enough for a "commer- 
cial"  analysis. Of course, mixtures are conceivable 
which cannot, be completely analyzed according to this 
scheme, e.g., mixtures of fat ty acid soap, highly sul- 
phated fats, and another fat ty acid derivative; but so 
far  we have not come upon such mixtures in our prac- 
tice. In this case, working according to the scheme 

UNKNOWN TYPE(S) OF NON-iONIC DETERGENT(S) 01~ 
THE POLYETHYLENE OXIDE GROUP 

1. Fatty acid alkylolamide polyglyeol ether, 2. fatty acid ester of 
polyglyeol ether, 3. alkyl naphthol polyglycol ether, 4. alkyl phenol 
polyglycol ether, 5. amino polyglycol ether, 6. fatty alcohol poly- 
glycol ether, and 7. polyglyeol ether. 

Boil sample (alcohol-soluble part) for one hour 
with 10% HCI (20 mh HCI per g. of solid matter) 

Separation of a top layer 
(prod. 1 and 2) 

Extraction with ether/pentane 

Test in extraction residue for weak acids 
(if necessary the acid value is determined) 

Clear, turbid, or a bottom layer 
(prod. 3-7) 

Take original sample (alcohol-soluble part) 
and test for amino-nitrogen with Nessler's 
reagent (reagent 3) after removal of NH~ 

salts, if any, with bromine lye 

Positive 
(white to yellow) 

preeipitate~ 

I 1. Fatty acid alkylol 
amide polyglyeol 
ether �9 

Positive Negative (prod. 3, 4, 6, 7) 

Positive 

I 5. Amino polyglycol ether ~ I 

Tal~e original sample (alcohol-soluble Take original sample (alcohol- 
part) and test for amino-nitrogen soluble part) and carry out a 
with Ne~ler'~ reagent (reagent 3) reaction with Echtrotsalz AL 
after removal of NtI 3 salts, if any, (reagent 4) for identification of 

with bromine lye naphth,alene compounds 

Negative 
Positive Negative (prod. 4, 6, and 7) 

of ,polyglyeol ether 

3. Alkylnaphthol action with a sample of 
polyglyeol the aleohol-~luble part 
ether h evaporated to dryness 

Positive reaction Negative reaction (prod. 6, 7) 
(red coloration) 

4. Alkyl phenol polyglyeol ether ] solution and 
I 

Prepare 1% a 
1 add an equal amount of a 

5% hydroquinone solution 

Turbidity or precipitate Clear 

I e. Fatty aleohol palyg'yoolet~er I I ,. Poly~lyeolether ] 

FIG. IV. 
a Poss ib |y .mixed wi th  a f a t ty  acid ~stex. of potyg|ycol ether.  
h Po.ssihty mixed  wi th  p roduc t s  4, 6, and  7. 
e Possibly  m.ixed wi th  p roduc t s  3, 4, 6, and  7. 

described in this paper, fa t ty  acids would be found in 
extracts II. and IV. of Figure II. Sulphate, nitrogen, 
or other determinations might then serve for further  
analysis, which might ultimately lead to a probable 
composition. 

I t  goes without saying that, i t /a field where so many 
combinations are possible, occasional extension of the 
scheme will be necessary. In the last few years the 
scheme has proved to be useful for the analysis of a 
great number of commercial products. 

Physical methods can also be used in the analysis 
of detergents. In section 6 reference was made to a 
method of distinguishing between purely aliphatie 
and alkylaryl sulphonates by means of the U.V. ab- 
sorption spectrum. 

A method of analysis using infra-red absorption 
has been developed by Delsemme (12), who thus de- 
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Composition Types of organic 
Components % compounds Percentage 

(theoretical) fou nd found 

0.5 Coconut, fatty acid 
iso,pro,panol amide 

Na-palmitate, 

Alkyl benzene 
sttlp'ho,nate 

" T E E P O L "  
(se.c. alkyl 
sulphate,s) 

Bnilders : sod~ 
ash, Na-CMO, 
sodium pyre- 
phosphate and 
sodium sulp,ha$e 

Water 

0.8 

1.5 

1.9 
(mol.wt.~---342) 

3.9 

4.9 

87.9 

Fatty acid .alkylol 
amide 

Fatty acid soap 

Alkyl benzene 
sulphonate 

see. alkyl 
snlp,hate,s 

1.5 
(average number 

of C' atoms pe,r 
molecule 16.5 ) 

2.2 
average 

reel. wt. 352 

3.9 

87 
(deteianined 
a,ccording" to, 

Dean and Stark 
ASTM D 95-4,6) 

termines not only the different types  (alkyl sulphates, 
a lkylary l  sulphonates, polyethene condensation prod- 
ucts) but  also the degree of branching  of the alkyl  
sulphate, the chain length of non-Joules based on poly- 
ethene oxide and, for  the anion-active compounds, the 
cation present. In  addition, this method can be used 
for  quant i ta t ive analyses. 

Recent ly Sadtler  (13) has also suggested analyzing 
synthetic  detergents by means of in f ra red  absorption. 

Both Delsemme's  and Sadt le r ' s  method may  be 
valuable to those who have an appara tus  for in f ra red  
spectrography.  An advantage of these methods is tha t  
the spectra can be filed so that  new products  can im- 
mediately  be compared with previous ones. 
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Summary 
An identification scheme for surface-active agents 

�9 is given which enables these agents or their  mixtures  
to be detected in commercial  products. Use is made of 
the acid resistance of the various types, which make it 
possible to separate the different compounds step by 
step f rom the mixture.  

An impor tan t  fea ture  of the method is that  it can 
be used also for  quant i ta t ive  analyses by weighing the 
extract ion residues obtained and determining their  
physical and chemical constants. 
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Bisphenol Derivatives as Antioxidants for Carotene 
E. M. BICKOFF, A. L. LIVINGSTON, and C. R. THOMPSON, Western Utilization Research Branch, 
United States Department of Agriculture, Albany, California 

p H E N O L I C  antioxida~its have been shown to pos- 
sess marked abil i ty to prolong the induction period 
of autoxidizing paraffin wax ( 4 ) a n d ,  under  cer- 

ta in conditions, to protect  carotene similarly (1). The 
success achieved in these tests with several compounds 
related to the bisphenols p rompted  a more extensive 
investigation of these materials  and related compounds 
as ant ioxidants  for  carotene dur ing  storage. As fa r  
as possible, the compounds tested were chosen to per- 
mit  observation�9 of change in act ivi ty  with systematic 
change in structure.  �9 The present  repor t  deals with the 
results of these stabil i ty tests. 

Experimental 
Stability of Oil Solution. The effectiveness of the 

antioxidants  for  the protection of carotene i~ '0ii so- 
lution was first determined. The substrate used for  
test ing the ant ioxidants  was a solution of purified 
crystalline carotene in a highly refined mineral  oil. 

The details of the stabil i ty test for  carotene in oil 
solution have been published previously (6). I t  con- 
sists of a d e t e r m i n a t i o n  of the t ime required for  

breakdown of 20% of the carotene in the oil solution 
stored as a thin layer  at 75~ under  specified con- 
ditions. As in previous work (1), the antioxidants  
were incorporated on an equivalent molecular basis 
ra ther  than  on a weight basis in order to facil i tate 
the comparat ive  evaluation of the ant ioxidants  in the 
oil solution. 

Stability in Alfalfa Meal. To test the effect of the 
ant ioxidants  on the stabil i ty of carotene in a l fa l fa  
meal, a rapid, simple method of incorporat ing the 
ant ioxidant  was employed. This involved spraying a 
Cellosolve (ethylene glycol monoethyl ether) solution 
of the ant ioxidant  on a 200-g. sample of meal while it 
was tumbled at 12 r .p .m,  in a ro ta ry  mixer. Samples 
were then stored for  2 weeks at 65~ Results so ob- 
tained were comparable to about eight months '  stor- 
age at 25~ Details of this technique have been de- 
scribed fu l ly  in an earlier repor t  (5). 

Results 
Bisphenol  Derivat ives  in Mineral Oil Solution: 

Since all of the exper iments  repor ted here followed 


