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government did not in any way a t tempt  this sub- 
identi ty theory. The oleomargarine s tandard merely 
requires a statement that  the product  is either made 
with vegetable fat, or from animal fat, or from a 
mixture of the two. I f  the same thinking were 
followed in connection with mayonnaise and related 
dressings, and bearing in mind that  such dressings 
contain only vegetable fats, then it becomes apparent  
that  the proposal of the government in connection 
with dressings represents a marked departure  over 
the past few years in the direction of fu r the r  rigidity 
and restrictions. 

Food standardization is a very  impor tant  subject 
to all of us, and it warrants  the constant and care- 
ful thought  of those interested in or affected by  it, 
including government and industry.  I t  is under- 
standable how, with a new statute, the government 
proceeded most cautiously and, as some feel, even 
leaned over backwards. Now that  the Act is 10 
years oht, we have had an oppor tuni ty  to observe 
how the standards have worked, in peace and in 
war. We submit that  these experiences have proven, 
or should have proven, that  at least some changes in 
thinking and approach should be made so as to 
prevent unnecessary strangulation of initiative and 
improvement and to permit  the consume,- to receive 
tile benefits she might receive if some needed changes 
would be made. 
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Testing of Colloidal Solutions by Dye Solubilization 
JOSEPH M. LAMBERT and WARREN F. BUSSE, ~ General Aniline and Film Corporation, 
Central Research Laboratory, Easton, Pa. 

T t IE  theoretical and practical aspects of solubiliza- 
tion phclmmena have been discussed extensively in 
recent l i terature.  By the most general definition 

solubilization is the ability of solutions containing 
surface-active agents to bring into stable colloidal 
solution substances insoluble in the solvent alone. 
I t  has been established that  the solubilized material 
is not present  in suspeuded particles or emulsified 
droplets but  is adsorbed onto or incorporated in the 
colloidal mieelles formed by the snrface-aetive agent 
in the solvent. A comprehensive article on the struc- 
ture and the general physical propert ies of colloidal 
solutions was recently published by Ralston (19). 

Solubilization in non-aqueous solutions of surface- 
active agents was described by McBaiu et el. (14), 
and its application in textile processing was discussed 
by Creely (1). The solvent action of aqueous deter- 
gent solutions for organic materials was reviewed 
some years ago by Har t ley  (3) and Lawrence (8), 
who included a number  of references to earlier work. 
R e c e n t l y ,  McBain and Richards (15) and Stearns 
et al. (21), have published solubilization data for  
a large number  of organic liquids and hydrocarbons 
in aqueous solutions of various soaps and detergents. 

The sohlbilization of water-insoluble dyes in soap, 

* P r e s e n t e d  at  22nd  a n n u a l  fall meet ing ,  A m e r i c a n  Oil Chemis t s '  
Society, New Y o r k  City. Nov.  15-17. 1948. 

i P r e s e n t  address :  Inst i tute  of Texti le  Technology,  Charlot tesvi l le ,  ~ 'a.  

d e t e r g e n t ,  and other colloidal solutions has been 
studied extensively by McBain and collaborators (2, 
9-]3, 16) and also by ' l (ol tboff  and Strieks (5).  These 
studies helped to elucidate solubilization phenomena 
which, in turn,  gave vahlable data pertaining to the 
formation and structure of colloidal micelles. Solu- 
bilization values were given also for various commer- 
cial surface-active agents with the implication that  
dye solubilization can be used in evaluating the rela- 
tive efficiency of snob compounds. 

I t  might be well to point out that  the performance 
(if surface-active agents in a specific application can 
hardly be predicted on the basis of dye solubilization 
alone, in  the case of detergency, for  instance, it was 
stated by I [ar t ley  (3) and Preston (18) that  soh-  
bilization plays only a secondary role in the usual 
washing process. Har t ley  and also Tomlinson (22) 
suggested, however, that  in some instances--washing 
hands for example--soap is f reely applied and the 
relatively high concentration will lead to the removal 
of certain soils by actual sohlbilization. 

In any event, it appears that  a quanti tat ive sohl- 
bilization test can be used as a measure of colloid 
formation in solutions containing s u r f a c e - a c t i v e  
agents. This p roper ty  varies widely and is charac- 
teristic of each class of surface-act ive agent(  e.g., 
wetting agents, detergents, emulsifiers, etc.), tIence, 
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(lye solubilization has been found to be a valuable 
complement  to other conventional labora tory  tests 
for  the routine evaluation and comparison of sur- 
face-active agents. A brief  outline of a simplified 
exper imental  procedure for  dye solubilization tests 
and a few typical  results obtained in this labora tory  
were given in a pre l iminary  note (7). 

T h e  N a t u r e  o f  D y e  S o l u b i l i z a t i o n  

An analysis of some data  published by  5IcBain 
and Johnson (11) shows that  within certain limits 
a l inear relationship exists between the logar i thm of 
the amount  of dye solubilized and the logari thm of 
the. concentration of the surface-active agent  in solu- 
tion. As i l lustrated in F igures  1 and 2, the result- 
ing linear "solubi l izat ion i so therms"  show relat ively 
s imply the influenee of molecular weight on dye 
solubilization as well as the effect of t empera tu re  
and the addition of salts. 
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CONCENTRATION OF SOAP (NORMALITY)  
Fie. 1. Dye solubilization isotherms for various potassium 

soaps. (Plotted from data l)ul)lishcd t)5" ,J. W. McBain c ta l . )  

The experiments  as described by the authors were 
mad(; with pure  potassium soaps and recrystallizcd 
()rang(.' OT (Dye No. 2 in Table I I ) .  In order to 
obtain true solubilization, great  care had been taken 
to eliminate any peptized or dispersed colloidal (lye 
in the measurements.  1;n(ter these conditions prac- 
t ically the same equil ibrium solubilization values 
were obtained f rom undersa tura t ion  or oversatura-  
tion of the dye in the soap solution. 

The dye solubilization eharactexistics at 25~ of 
three homologous potassium soaps (containing 8, 10, 
and 14 carbon atoms respectively) are shown in 
F igure  1 which was obtained by  plott ing the values 
given by  MeBain and Johnson (11). In  this and the 
following figures (2a and 2b) the values obtained 
f rom u n d e r s a t u r a t i o n  were plotted. Some correc- 
tions publ ished in a la ter  pape r  by  MeBain and 
Green (10) were taken into account. The s t raight  
lines represent ing the solubilization isotherms change 
in position and slope with increasing m o l e c u l a r  

weight of the potassium soap. The inflnence of 
t empera ture  is i l lustrated in F igure  2a. The solu- 
bilization isotherms of potassium myris ta te  at 25 ~ 
and 50 ~ arc parallel,  the lat ter  shifted toward lower 
concentrations indicat ing that  within the whole con- 
centrat ion range about  30% less soap is required for 
solubilizing an equal amount of dye at the higller 
temperature .  The addit ion of 1 mole KCI changes 
the position and the sh)pe of the isotherm as shown 
in F igure  2b. At tile lower concentrations there is 
about  50% less soap required for  equal solubilizatioh 
of the (lye. 
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Fro. 2. Dye solubilization isotherms for potassium myristatc. 
(Plotted from data published by J. W. MeBain et al.) 

As will be shown later, the mathemat ical  expression 
for the proposed solubilization isotherm corresponds 
formal ly  to the well known Freundl ieh  adsorption 
isotherm, l lowever,  no claim is made here that  the 
linear relationship d e m o n s t r a t e d  above has any 
far-reaching pbysieal-chenfieal significance. Never- 
theless, tile potential  usefulness of this method of 
presenting sohtbilization data  for  fu r the r  thcorcticaI 
interpretat ion earl be i l lustrated by  tile derivation 
of a new mixture  rule. It  was deduced by  examining 
the, re-plotted solubilization values at  50~ published 
by  McBain et at., for potassium laurate,  potassimn 
myristale,  and a 50:50 nfixturc of these soaps. Since 
the solubilization isotherm of the mixture  fell equi- 
dis tant  between the isotherms of the components, the 
solubilization values oil the mixture  (S,,,) were com- 
pnted f rom the values S~ and S~ reported for each 
eompormnt using tile expression 

log SI-~-log S: 
log S , , ~  

2 
The above relation can be rewri t ten as ~ , , ,=~/SIS ~ 
showing that  Sm is the geometric mean of the indi- 
vidual solubilization values. Table I shows that  the 
mixture  rule employing the geometric means approxi-  
mates  the experimental  values much closer than the 
ar i thmetic  means mentioned by the authors in the 
above article. This mixture  rule which appears  to 
hold for  soap homohlgues might also he applicable 
to e.ertain other mixtures  of surface-active agents. 
I towever,  because of anomalies to be described later, 
this or any  other rule becomes definitely invalid for  
mixtures  containing dissimilar surface-active agents 
(e.g., an anionic agent  and a cationic, agent) .  
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TAI?,LE ] 
I l lustration of Mixture Rule 

a y e  Solubilization Values for a 5 0 : 5 0  Mixture of Potassiura Laurate  
and Potassium Myristato Compared With Calculated Values  

(Experimental  data published by J.  W. McBain et al.) 

Normality " Arith. - Experimental  Geom. 
of Soap Mean Value Mean 

0.04 8.10 6.85 7.6 
0.08 21.10 15.19 16.6 
0.20 45.95 44.10 44.2 
0..I0 92.03 87.3 88.5 
0.80 182.8 175.1 176.6 

Dye Solubilization Tests 
The experimental  procedures which have been used 

by  a number  of investigators (5, 11, 16) appear  
ra ther  tedious since the methods involve the at tain- 
ment  of equil ibrium conditions requir ing periods in 
the order of several days or even weeks. Addit ional  
time, f rom several hours to one day, is required for  
the settling out of the excess dye in the colloidal 
solutions. Fur thermore ,  it is suggested tha t  dye be 
added only in slight excess of the solubilization value 
in order to avoid any peptizat ion effects~ this re- 
quires, obviously, a number  of p re l iminary  tests with 
vary ing  amounts  of dyestuff. A relat ively rapid,  but  
only quali tat ive method utilizing dye solubilization 
for detecting surface-active agents was repor ted re- 
cently by  I I o y t  (4). 

In  view of the nature  and simplicity of the iso- 
therms in the log-log presentat ion of solubilization 
data, it became questionable whether  the high degree 
of prccision a t tempted  in the past  for  quant i ta t ive 
determinations is actual ly  required for  obtaining use- 
fnl results in comparat ive testing. Therefore,  tile 
first objective was to find a modified procedure which 
would more rap id ly  yield reproducible dye solubili- 
zation values approx imat ing  closely the equil ibrium 
values. 

A pre l iminary  s tudy was made to determine the 
gross influence of some exper imental  var iables  on the 
rate of dye solubilization. Solutions of Aerosol MA 
(1% and 16%),  Igepon T (1%)  and Naeconol NR 
(1%) were nsed for  detcrmining the effects of such 
variabh.'s as temperature ,  amount,  and physical form 
of the dyestuff, type of agitat ion dur ing solubiliza- 
lion, and mcthod of removing excess dyestuff. 

The above solutions gave s o l u b i l i z a t i o n  values 
which fell within the range f rom 0.5 to 80 mg. dye /  
100 ml. Even large excess amounts  of crystall ine 
dyestuff (lid not affect apprec iably  the relative order 
of the respective sohtbilization values. The difference 
between amorphous and crystalline dye was more pro- 
nounced at room tempera ture  than at  50~ As ex- 
pected, the amorphous dye showed a higher rate of 
solubilization at the lower temperature .  Independent  
of the type of agitat ion (rolling, shaking, or stir- 
r ing) ,  the solubilization values a f t e r  15 minutes were 
at least 80% of the equil ibrium values established 
af ter  several days. The method of removing excess 
dyestuff (sedimentation, filtration, or centr i fuging)  
had little effect on the final results, bu t  i t  was found 
that  filtering is least t ime-consuming. 

These results suggested that  a very much simplified 
procedure could be worked out for  the comparat ive  
testing of colloidal solutions by  dye solubilization. A 
new method was evolved, based on the above find- 
ings, that  dye solubilization values sufficiently close 
to the equil ibrium values conld he a t ta ined within 
a short period of time, providing the tests were made 

at an elevated t empera tu re  and the amounts  of dye 
solubilized did not e.xceed certain limits. Moreover, 
subsequent tests indicated that  a f te r  dispersing tile 
dyestuff by mild shaking, fu r the r  agitat ion of the 
mixture  dur ing period of interact ion was unnecessary. 

Outline of Procedure 
Eight  to 12 different s o l u t i o n s  can be readily 

handled for  simultaneous testing. Fur thermore ,  by  
selecting three or four  concentrations over a range 
sufficiently wide to give sohlbilization values above 
0.2 and below 50 rag. dye/100 ml., a fa i r ly  accurate 
isotherm can be obtained. Thus, as many  as four  
different materials  can be evaluated in any  one run. 

Two 20-ml. portions of each solution are poured 
into separate  test tubes, one to be used for dye solu- 
bilization, the. other as photometr ic  control, if nec.cs- 
sary. One set of solutions (i.e., eight to 12 test tubes)  
is prcheated for 5 minutes in a constant t empera tu re  
bath at 50 -+- 1~ The test tubes are removed from 
the ba th  and 100 _+ 5 rag. of recrystall ized (lye No. 
2 is added to each. Each test tube is then corked 
tightly, inverted shlwly 10 times and replaced in the 
bath  for  15 minutes, l~sing No. 50 Wha tman  paper,  
the solutions are filtered into another  set of test tnbes 
placed in the bath. The first 2 or 3 ml. that  filter 
through is discarded. The color of the filtratc is com- 
pared  with a set of reference solutions of dye No. 2 
p repared  in 20% Aerosol MA ~ (Concentrat ion of 
dye:  (a) 1, (b)  2, (el 5, and (d) 20 rag./100 nil.). 
The filtrates are diluted with 0, 1, 4, or 9 parts  of a 
50:50 acetone-water mixture,  the amount  of the dilu- 
tion being tha t  required to get an approximate  visual 
match to the reference solutions (a) or (b) .  Using a 
Fisher Electrophotometer  with micro ceils (blue filter 
425B and range C) density readings of tile solution, 
in 100 X d e n s i t y  (100X1) )  units, are taken on Scale 
A af te r  the ins t rument  had been set at zero with 
distilled water.  The other set of solutions is now 
pre-heated in the constant t empera tu re  ba th  for  20 
minutes and filtered folhlwing the same procedure as 
for  the dye-containing solutions. Eve ry  filtered eon- 
trol solution which gives a photmncter  reading higher 
than 3 is di luted in the sanle manner  as the eorrrc- 
st)onding dye solution and its density recorded. The 
difference between the density of the dye solution 
and that  of the control is converted to rag. of dye 
per  100 nil. of solution. Fo r  this purpose a previ- 
ously-prepared calibration curve is used which was 
obtained by  measur ing in the plmtonleter dye sohl- 
tions of known concentrations with Aerosol MA as 
the solubilizing agent. Final ly,  depending on tile 
dilution used, the results are nmltiplied by  tile factor  
1, 2, 5, or 10 respectively. 

Materials 
The surface-active agents werc all conlmereial prod- 

ucts excepting Laur ic- Igepon T (a medium molecular 
weight methyl  taur ide)  which had been p repared  ex- 
per imenta l ly  at this laboratory.  The comnlerc.ial sur- 
face-active agents used arc described as follows: the 
wetting agents inchlded esters of sodium sulfosuc- 
cinic acid (Aerosol MA and Aerosol OT, American 
Cyanamid and Chem. Co.) and sodium salts of 
organic sulfonates (Nekal BX and Nekal NS, Gen- 
eral Aniline and F ihn  C o r p . - - G D C ) .  Emulsifying 

* Aerosol MA at this relatively high concentration gives o, clear and 
stable solution having the required solubilizing power. 
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agents were o r g a n i c  e t h e r s  of a long chain fat ty 
acid and a fa t ty  alcohol respectively (Emulphor 
ELA, Emulphor ON, General Aniline and Film 
Corp.--GDC), sulfonated castor oil (Monopol Brill. 
Oil, General Aniline and Film Corp.--GDC) and a 
sulfonated ethylene formaldehyde condensation prod- 
uct (Tamol NNO, Rohm and Haas). The detergents 
used were fat ty  alcohol sulfates (Gardinol WA and 
Dupanol ME, E. I. duPont de Nemours Co.), a sub- 
stituted phenol ethylene oxide condensation product 
(Igepal CA, General Aniline and Film Corp.-- 
GDC), high molecular weight methyl taurides (Ige- 
pon T and Cyclopon A, General Aniline and Film 
Corp.--GDC) and an alkyl aryl sulfonate (Nacconol 
NR, Allied Chemical and Dye Corp.--National Ani- 
line Division). The soaps tested were Lux (Lever 
Bros.) and sodium oleate (Baker Chemical Co.). The 
hydrotropic agents were sodium x y l e n e s u l f o n a t e  
(Wyandotte Chemicals Corp.) and sodium-p-toluene 
sulfonate (Eastman Kodak Co.). 

Some of the dyestuffs and azo compounds which are 
described in more detail in Table II  were available 
as commercial products, and some were synthesized 
especially in small experimer~tal quantities. The fol- 
lowing commercial dyes were obtained as amorphous 
powders: Sudan Orange RA and another Sudau Or- 
ange equivalent to Orange OT [General Aniline and 
Film Corp.--General Dyestuff Corp. (GDC)] ; FD&C 
Yellow No. 3 (Allied Chemical and Dye Corp.---Na- 
tional Aniline Division). Orange OT (Dye No. 2) 
was used in crystalline form for most experiments. It 
was prepared by recrystallizing the dye from ethanol 
after dissolving about 45 g./liter at the boil under 
reflux. After vacuum filtration the dye was dried at 
50~ in a vacuum. Two experimental azo compounds 
(Nos. 4 and 5) were obtained in essentially amor- 
phous form as prepared in the dye section of this 
laboratory. The available amounts were insuffieient 
for recrystallization. Another experimental compound 
(No, 6 in Table II)  was purchased from Republic 
Laboratories, Chicago, Ill. The product was erystaI- 
line but exhibited at first considerable water solu- 
bility; after being washed several times in distilled 
water, the residual material appeared to be essentially 
water-insoluble. 

Specificity of Various  Dyestuffs  
Some consideration was given to the selection of a 

suitable type of water-insoluble dyestuff. The data 
presented by Merrill and McBain (17) had shown 
that slightly different dyestuffs vary greatly in their 
solubilization values. For instance, it was found that 
certain surface-active agents solubilize 10 times as 
much Yellow AB (Dye No. 3) as Orange OT (Dye 
No. 2). The authors attributed this phenomenon to 
the more hydrophilic character of Yellow AB. Hart- 
ley (3) offered an explanation for the relatively high 
solubility of dimethylaminoazobenzene (Dye No. 7) ; 
his concept of " amph ipa thy"  suggests the possibility 
of a speeific and varying interaction between dyes 
having polar groups and the colloidal micelles formed 
by the different surface-active agents. 

Before selecting Orange OT for the testing of col- 
loidal solutions, the solubilization characteristics of 
four oil soluble dyestuffs and two unsubstituted azo 
compounds of similar structure were studied. The 
chemical constitution, wave length of maximum light 
absorption, and other properties of the dyes and corn- 
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Flo. 3. Spectral  absorption curves of various dyes and azo 
compounds. (See Table I I . )  

pounds are given in Table II, where some literature 
data for dye No. 7 are included for comparison. The 
spectral absorption curves of the compounds Nos. 1 to 
6 in solution, as shown in Figure 3, were determined 
in a GE and Cary recording spectrophotometer for 
the visible and ultraviolet spectral range respectively. 
The solutions were prepared in 8X10 -a g./liter con- 
centration in acetone and were measured in a 1-cm. 
absorption cell. The absorption curves are charac- 
teristic of the compounds in the organic solvent but 
some changes of absorption characteristics, accom- 
panied by slight shifts in the absorption maxima, 
can be expected in aqueous solutions containing sur- 
face-active agents. 

The extinction coefficient (k) listed in Table If,  
is defined as 

1 Io 
k ~-- ~ log - -  

cd I 

wilere Io/1 is the ratio of the light intensities after 
absorption ill the solvent and in the solution respec- 
tively, c is the concentration of dye in the solution 
(g./liter) and d the cell thickness in era. (in this case 
d = l ) .  

The compounds Nos. 1 to 6 were tested for relative 
solubilization in five sohltions, each containing a dif- 
ferent type of surface-active agent. The experimental 
procedure followed was essentially as outlined above 
extent that amorphous dyes and eomoolmds were 
used; f u r t h e r m o r e ,  photometric density readings 
were employed for the comparison below without 
further conversion to actual dye concentrations. 

The results obtained in this exDerlment with com- 
pounds Nos. 1 to 5 are summarized in Table IIl .  
l{elative amounts of solnbilized dye were obtained 
hy setting the maximum photomctrie value in each 
eolmnn at 100 and calculating the other values in 
proportional units. For the testing of e, olloidal solu- 
tions these relative solubilization values for the varl- 
ous compounds with different types of surface-active 
a~ents seemed of greater imDortance than the abso- 
lute amounts solubilized. IIowever, the maximum 
ohotometric value for each dye is included at the 
bottom of the table to give an approximate index 
of the absolute amounts. 

The data confirmed the c o n t e n t i o n  that slight 
structural changes in the water-insoluble material 
influence greatly the solubilization values obtainable 
with different types of surface-active agents. Oll a 
relative basis, compounds Nos. 1 and 2 are solubilized 
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TABLE I I  

Chemical and Physical Data for Various Azo Compounds 

Light Absorption Data Determined in Acetone Solutions ( e x 1 0  -s g./ l i ter)  
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Azo Dye 
or Compd. 

Exp. No. 

I rade Name or 
Designation in 

Literature 

Sudan Orange HA 

F.D.&C.Orange #2 
or Orange OT 

F.D.&C.YelIow #3 
or Yellow AB 

Experimental 

Experimental 

Experimental 

DMAB 

Chemical Name 

l-phenylazo-2- 
naphthol 

l-o-tolylazo- 
2-naphthol 

l-phenylazo- 
2-naphthylamine 

l-o-tolylazo- 
2-naphthylamine 

l-phenylazo- 
naphthalene 

2,2'-azo bis 
naphthalene 

dimethylamino- 
azo benzene 

* VaIue reported by Koltboff and Strickd (5) for DMAB in theanol(10-s 

TABLE i I l  

Solubilization of Various Oil Soluble Dyestuffs in Solutions of 
Surface-Aetive Agent 

(1.0 g./liter active material in distilled water)  

Surface-Active Agent 

C y c l o p o n  A . . . . . . . . . . . . . . . . . . . . . . . .  
I g e p a l  CA . . . . . . . . . . . . . . . . . . . . . . . . . .  
L u x  F l a k e s  . . . . . . . . . . . . . . . . . . . . . . . .  
N a c c o n o l  N R  . . . . . . . . . . . . . . . . . . . . .  
N e k a l  B X  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i s t i l l e d  W a t e r - -  

C o n t r o l  . . . . . . . . . . . . . . . . . . . . . . . . . .  

C y c l o p o n  A . . . . . . . . . . . . . . . . . . . . . . . .  
I g e p a l  CA . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dye or Compound Number 

Relative Amounts of Dye Solubilized 
(Arbi t rary Units, Different for Each Dye) 

1 0 0  
4 4  
5 4  
2 7  
1 8  

9 1 

99 
100 

17 
12 

6 

0 

9 6  
1 0 0  

1 4  

o 

62  
l O0 

3 5  
1 0  

5 

o 
r Maximum Photometric ~f alues ( 100XD)  

I I I I ...... 

to a higher degree by Cyclopon A than by the other 
agents, while compounds Nos. 3, 4, and 5 are solu- 
bilized preferentially in Igcpal CA. The specificity 
becomes p a r t i c u l a r l y  obvious in the case of Lux 
Flakes and Nacconol NR; this is in contrast to the 
solubilization obtainable with Nekal BX (a typical 
wetting agent) which is relatively low for all com- 
pounds tested. 

In view of the possibility of a specific interaction 
between the more polar molecules and the surface- 
active agents in solution, it would have been desir- 
able to investigate further the unsubstituted com- 
pounds Nos. 5 and 6 for dye solubilizatiou tests. 
However, the spectral absorption curves given in 
Figure 3 show that the absorption peaks of com- 

Chemical Structure 

O~ 

CH 3 OH 

NH 2 

O- 

CH 3 NH2 

Abs. Max. 
(Amax.) 

472 

481 

450 

445 

372 

336 

Approx. Ex- 
tinction 

Coefficient (k) 
a t  ~max. 

51 

56 

44 

53 

43 

P h o t o m e t e r  

CH3~ 

CH3/N-C;-- N = N--~ 406~ 127~' " 

g./litcr). 

pounds Nos. 5 and 6 fall in the ultraviolet. In this 
range simple filter photometers have no response and 
this fact explains the low photometer readings shown 
in Table I I  for these compounds. I t  follows that the 
values given for compound No. 5 in Table I I I  are 
uncertain. Moreover, in the case of compound No. 6, 
which gave still lowex solubilization values, erratic 
photometer readings were ohiained and the results 
had to be discarded. Further  work with compounds 
Nos. 5 and 6 is contemplated using spectrophotomet- 
ric equipment extending into the ultraviolet. 

As indicated in the Outline of Procedure, dye No. 
2 was ultimately chosen for this investigation. Dif- 
ferent lots of recrystallized dye gave solubilization 
values which were, with few exceptions, reproducible 
within the experimental error. Although dye No. 2 
might give some specific i n t e r a c t i o n  with certain 
surface-active agents, it appeared preferable to other, 
more soluble dyestuffs. Moreover, a cursory examina- 
tion of some data published by Kolthoff and Stricks 
(5) seemed to indicate that the simple method, pre- 
senting solubilization data by plotting linear iso- 
therms, fails with a more soluble dyestuff, such as 
No. 7. 

Effects of Salts 
As is known, the solubilization characteristics of 

surface active agents are influenced considerably by 
the presence of electrolytes. Since commercial prod- 
ucts usually contain varying amounts of inorganic 
diluents, it will be in general more useful to compare 
such products on an active material basis. 

38 

37 

24 

28 

83 

Readings 
(lOOxD) 
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In  order to i l lustrate the order of magni tude of 
the salt  effects which one encounters in practice, the 
solubilization isotherms for Gardinol  WA (assumed 
act ivi ty : 40%) and Duponol  ME (assumed act ivi ty : 
100%) are shown in F igure  4. The solubilization 
values for  the salt-containing detergent  are consist- 
ently higher;  over a wide concentrat ion range only 
about  half  of the amount  of active mater ia l  is needed 
to obtain the same solubilization values. 

A similar effect is shown in F igure  4 for an experi- 
mental  Laur ic- Igepon T sample which was p repared  

5 O  
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DETERGENT 

(G. /  LITER ACTIVE MATERIAL)  

FIG. 4. Effc('t of salt on solubilization of dye No. 2. 

in distilled water  and in a solution containing 0.25% 
sodium sulfate. F igure  5 shows the solubilization 
ohtained with the stone product  in presence of cal- 
cium chloride. The values are first increasing rap id ly  
with the addition of calcium ions, but  become fa i r ly  
constant  beyond a concentration of 0.15% calcium 
chloride hydrate, in the solution. In  c o m p a r a t i v e  
tests i t  might, therefore,  be advisable to add vary ing  
amounts  of salt to samples to be tested in order to 
determine the opt immn solubilization value for each 
surface-active agent. 

Solubilization Data for Various Agents 
Some typical  results obtained for  various commer- 

cial surface-active agents tested with Dye No. 2 are 
shown in F i g u r e  6. S t r a i g h t  lines were drawn 
through a number  of exper imental  points deter- 
mined in several runs  made at  different times. The 
scat ter ing of data as indicated is typical  for  this type  
of solubilization test. The overall precision is illus- 
t ra ted  by  a s tandard  deviation of 5% determined for  
9 different tests with a 1 g . / l i ter  Igepal  CA sohltion 
and the same lot of recrystall ized (lye. The advan- 
tage of the log-log plot becomes obvious considering 
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CONCENTRATION OF CaCIt-2H~.O IN DETERGENT SOLUTION 

F[o. 5. Effect of calcium ions on the solubilization of dye 
No. '2 in Laur ic- Igepon T solutions. 

the significance of equi-distant  horizontal deviation 
f rom any isotherm; irrespective of the position on 
the graph, deviations of the same magni tude repre- 
sent the same percentage var ia t ion in the amount of 
surface-active agent. 

As can be seen f rom Figure  6, both the position 
and the slope of the isotherm are characteristic of 
the type of surface-active agent. At  low concentra- 
tions, detergents solublize more dye and have a lower 
slope than the other types of surface-active agents;  
wetting agents require higher  concentrations for solu- 
bilizing an appreciable  amount  of dye and their iso- 
therms have steeper slopes; and hydrotropic  agents 
require the greatest  concentration for  solubilizing 
and their isotherms are the steepest. 

The general equation for  the solubilization iso- 
therm is 

S ~ Kc" or 
l o g S - - - n l o g c  ~ l o g K  

where S is the amount  of solubilizcd dye (rag./100 
ml. of solutit)n), c the concentrat ion of the detergent 
solution (grams/ l i t e r  of active mater ia l )  and where 
K and n are constants which are characteristic for  
each solubilizing agent. The values for  n and K, 
determined experinlentally for  a number  of surface- 
active agents (including the ones shown on Figure  
6), are listed in Table IV. An additional column is 
inchlded giving the com;cntration of each surface- 
active agent  (g . / l i ter  active material)  which is re- 
quired for solubilizing 1 nlg. of dyestuff. For  the 
ready comparison of different surface-active agents, 
these values appear  general ly more significant than 
the absolute amounts of solubilized dyc. 

Anomalous Solubilization 
In  the course of this s tudy it was of interest to 

determine the sohlbilizing characterist ics of mixtures 
containing anionic and cationic agents. The anoma- 
lous behavior  of such a mixture  is i l lustrated in Table 
V. On the basis of active ingredients, considerably 
more dye is solubilized by  the mixture  than by  either 
of the components separately.  

Spectrophotometr ic  tests were made using the GE 
recording speetrophotomcter  in order to determine 
whether changes of the absorpt ion characteristics 
might have led to erroneous photometric  readings 
and thus made the solnbilization values appear  ab- 
norma:lly high. I t  was found  that  an er ror  was 
incurred b y  using the cal ibrat ion previously pre- 
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T A B L E  I V  

So]ubi l iza t ion D a t a  for  Va r ious  Su r f ace -Ac t ive  Agents  
(Dye  No. 2 :  i n t e r a c t i o n :  15 rnin. at. 5 0 ~  

Sur face -Ac t ive  Agenb 

"Wetting Agent~ 
Aerosol MA .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .56  
Aerosol O T  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,  1 .26  
Nekal  B X  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] l 
Nekal  NS .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E m u l s i f y i n g  and  1.3.1 
I 

I ) i spe r s ing  Agen s 
Emulpho r  E h A  .. . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .83  
E m u l p h o r  ON .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .95  
Monopol Br i l l .  Oil  . . . . . . . . . . . . . . . . . . . . . . . .  1 .05 
Tamol  N N 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

De te rgen t s  
Gard ino l  WA .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Igepal  CA .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Igepon T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nacconol NR .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Soaps  
Lux F lakes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sodium Oleate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I ydrot ropic  Agent~ 
Sodium Xylene- 

su i fona te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o d i u m - p - T o l u e n e -  

s u l f o n a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.09 
0 .~0 
l,OO 
0.83 

1 . 2 4  
1 .06  

3 .86  

5.21 

[ (?one. of 
I S . A .  Agent  
* fo r  

Sohlb i l i z ing  
Log K I rag. dye /  

100  ml. sol. 
( g . / l i t e r  
ac t ive  

m a t e r i a l )  

- - 1 . 7 1  12 .0  
- -O.70 3.5 
- - 0 . 6 8  2 .8  
--O.62 3 .0  

0 .31  0 .46  
b.ll 0.76 
0.29  0 . 5 4  

--I) .33 2 .5  

0 .38  0 . 4 4  
o. 19 0 .58  
0 .61 0 .25  
0 .61 1.0 

0 .19  0 .70  
0 . 2 4  0 .58  

- - 4 . 2 7  140  

- - 7 . 4 7  2 7 0  

pared with Aerosol MA solutions containing known 
amomlts of dye. Such errors in filter photometry 
were reviewed in detail by States and Anderson 
(20). However, an estimate made on the basis of the 

Sl)ectral absorption curves for the various sohttions 
indicated that the effect of s tray light could have 
inereased the values given in Table V by not more 

T A B L E  V 

Anomalous  Solubi l iza t ion  of Dye  No. 2 in Aqueous Solu t ions  
C o n t a i n i n g  :Mixtures of S u r f a c e - A c t i v e  Agcuts  

S u r f a c e  Active Agent  

Concen t r a t ion  in g . / l i t e r  
Act ive  I n g r e d i e n t s  

o.2 I 1 .0  

mg. d y e / 1 0 0  ml. 

1 : 2 M i x t u r e  of CeWl P y r i d i n i u m  
Chlor ide  and  Igepon  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 4.2 

Cetyl :Py r id in ium Chlor ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o.5 2 .6  
I g e p o n  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 2.2 

than 10%. The anomalous solubilization effect shown 
is definitely of a different magnitude. 

A possible explanation of tile enhanced solubiliza- 
tion in tile above mixtures might be the incorporation 
into the micelles of water-insoluble complexes which 
were described in detail by one of the authors (6). 
i t  appears that the expanded micelles solubilize cou- 
siderably more dyestuff. 
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Report of Cellulose Yield 'Committee 
1948-1949 

F O U R  sets of samples of cotton linter pulp, of 
three different grades, were checked by 10 dif- 
ferent laboratories during the past year. One 

laboratory, number 9, reported only three sets of 
results so these are not included in the over-all aver- 
age for the year. The average yield results for the 
three types  of l inters sent out are given below: 

No. Sets  
Lab .  No. S'~ml)les A 

Tested Linters 

1 ........................... 4 79.8 
2 ........................... 4 80.1 
:l ........................... 4 79.5 
,5 ........................... 4 79.9 
6 ........................... 4 80.5 
7 ........................... 4 79.6 
8 ........................... 4 80.2  
9 .......................... 3* 79.0 

10 .......................... 4 80.2 
11 .......................... 4 80.0 
A v g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80.0 

* Not i n e l u d ~  m ave rage .  

Samples  

B 
l , in te rs  

73.8 
73.1 
73.5 
73.4 
73.7 
72.9 
74.7 
72.5 
73.5 
74.0 
73.6 

O 
F i b e r  

69.7 
69.4 
68.7 
69.4 
68.4 
68.2 
70.1 
69.1 
68.9 
69.9 
69.2 

Over-al l  
Avorago  
for  Y e a r  

74.4 
74.2 
73.9 
74.2 
74.2 
73.6 
75.0 
73.5 
74.2 
74.6 
74.3 

Another  l a b o r a t o r y ,  number  4, which had been 
checking samples for  the past  12 years,  dropped out 
of the checking group due to not having time to make 
the tests and also stated tha t  since pract ical ly  identi- 
cal yields were obtained by  all laboratories,  they did 
not think it worthwhile to continue runn ing  the rou- 
tine check samples. 

Dur ing  the year  one of the laboratories had to re- 
place the screens in their  washers, which were giving 
low yields ; another  had to replace the sp ray  pipes. I t  
should be mentioned tha t  both of these conditions 
should be watched closely and possibly should be 
changed every two or three years as the holes in the 
screens and spray  pipe increase in size. These should 
be checked first if low results are obtained. 

C o n s i d e r i n g  the fact  that cotton linter pulp is 

very non-uniform in composition and therefore in 
the cellulose yield, the above results are excellent 
checks. I t  has been suggested by  some tha t  these 
check samples be omit ted due to the good check re- 
sults which are obtained. IIowever,  the fact  remains 
tha t  dur ing each year  there are at least one or two 
l a b o r a t o r i e s  whose results get out of line but  are 
immediately brought  back a f te r  finding the trouble, 
which is usual ly not too hard  to find. Fo r  this rea- 
son, it is thought  that  these checks are very valuable 
in keeping all of the equipment  in good working 
condition as some of this equipment  is not used too 
often in some of the laboratories.  

I t  should be pointed out that  this method is not 
applicable to low hull fiber yields, i.e., below 55%. 
Hull  fiber of this very low grade has very little value 
and should not be made in the first place. I t  can be 
estimated close enough by  visual inspection by  the 
purchaser  so tha t  agreement  can be reached on price 
without yield test. About  one such incident occurs 
in the count ry  per  year.  Work  will be done next 
year  to see if the method can be amended to include 
these isolated cases. 

Recommendations:  I t  is recommended that  sam- 
ples be sent out to all members  of the Cellulose Yield 
Committee and to laboratories which have been par- 
t icipating in the past  in these check samples. Also 
to any other labora tory  which requests in writing, to 
the ('.ellulose Yield Committee Chairman, that  they 
would like to be included in this cheek group. Four  
sets of samples should be sent out dur ing the next 
year :  one in August,  one in October, one in Decem- 
ber, and one in February .  

E .  C.  A I N S L I E  E .  ] [ .  T ~ N r . X T  
C.  H .  COX P . A .  W n m ~ [ s  
W .  S.  H u D z  L . N .  ROGZRS, 

c h a i r m a n .  


