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Method 

Abstract 
This paper  describes a practical method of 

evaluating the performance of detergents by 
using huck towels soiled in plant  mechanical 
shops and washed in a 5 gal semiautomatie 
washer. Detergency, redeposition and optical 
brightener intensity are evaluated by reflectance, 
yeIlowness, blueness and ultraviolet fluorescence 
measured on a Gardner  Larger  Area Colorimeter 
af ter  six soil-wash cycles. The precision of the 
method is determined statistically by analysis of 
variance. Significant differences to a 95% con- 
fidence level that  can be expected by this method 
are given. 

Introduction 

T IlE MAJORITY of methods used for evaluating the 
performance of detergents are based on their 

ability to remove a synthetic soil made with carbon 
black applied to cotton fabric in a solvent suspension 
of fat  or oil. These methods are well summarized by 
Gctchell (1) and Schwartz (2). The use of a syn- 
thetic soil based on carbon black has been criticized 
by Powe (3) and by Sanders and Lambert  (4) be- 
cause it  does not represent the type of soil found on 
clothes soiled in the home. Sanders and Lambert  (4) 
used a practical soil which was based on an average 
analysis of street dir t  obtained from six large cities. 
Their  method is based on washing this soil from cotton 
broadcloth in a Tergotometer and evaluating deter- 
gency and redeposition by reflectance. The validity 
of their method was substantiated because it corre- 
lated with results obtained when using a practical 
soil applied to hack toweling in roll form soiled in 
washrooms. Schwartz and Bereh (5) have described 
a laboratory scale soil accumulation method which 
uses a natural  soil applied to fabric swatches washed 
in a Tergotometer or Launderometer.  Detergency and 
redeposition is measured by reflectance readings after  
six cycles with a Hunte r  multipurpose refleetometer. 

A practical test based on individual huck towels 
soiled in plant  mechanical shops in the Colgate-Palm- 
olive Co. was briefly described by  Vitale (6) and 
Vitale, Ross and Sehwartz (7). In  this paper  addi- 
tional improvements have been made on this huck 
towel method to reduce the number of variables which 
are normally inherent  in a practical test of this kind. 
These modifications include a desizing and bleaching 
step which removes the starch applied to the towels 
by the manufac turer  and which whitens the towels 
to a uniform maximum so that  subsequent soiling and 
washing always produce a reduction in whiteness. 
These two steps also shrink the towels to their  mini- 
mum size, thus eliminating shrinkage as a variable. 
It was also found necessary to adjust  the speeds of 
the four Easy Whi r ld ry  washers and the speeds and 
temperatures of the four Whirlpool dryers so that  
their performance was the same throughout  the wash- 
ing and drying cycles. The standardization of the 
Gardner large area colorimetcr af ter  every four read- 
ings instead of af ter  every ten readings was also 
found necessary to reduce to a minimum the instru- 
mental  variations. A statistical analysis was made of 
this procedure to determine the precision that  could 
be expected to a 95% confidence level. 

177 

Experimental 
Materials  and Equipment 

Easy Whi r ld ry  washers, 5 gal capacity, speed of 
agitator 76 to 77 cycle/rain, made by Easy Washing 
Machine Division, The Murray  Corp., Syracuse, N.Y. 

Whirlpool automatic gas dryers, model LJDO6PW10, 
Imperial,  made by Whirlpool Corp., Benton Harbor,  
Mich. 

Gardner  Large Area Calorimeter, Manual Model, 
made by Gardner  Laboratories, Bethesda, Md. 

Huck towels, style 1211, size 12 inch x 18 inch (un- 
processed), hemmed and grommeted, white, distrib- 
uted by Wellington Sears, New York, N.Y. 

Frigidaire  automatic washer, Imperial  Fabric  
Master, Model WL59, 10 gal capacity. 

Towel  Preparation 

The present huek towel method uses 20 cotton huck 
towels for  each detergent to be evaluated. Since eight 
products are evaluated at one time, a total of 160 
towels are necessary and 4 towels are held as original 
untreated towels. These 164 towels are desized in the 
Frigidaire  automatic washer with water added at 
150F, allowing to stand 20 hr  overnight, the temp 
dropping to room temp. Desizing is done as follows: 
82 Huck  towels (5.4 lb) ; 10 gal water  at 150F (initial 
t emp) ;  1.0% bacterial amylolytic enzyme on wt of 
water;  0.05% nonionic wetting agent on wt of water. 

Af ter  20 hr of soaking, the towels are allowed to go 
through the " N o r m a l "  wash and rinse cycles of the 
automatic washer. The towels are then dried for 30 
rain in the Whirlpool automatic dryers at " R e g u l a r "  
cycle (162F).  

Bleaching is done in the same Frigidaire  automatic 
washer, as follows: 82 huck towels (5.4 lb ) ;  10 gal 
of water at 150F ; 0.85% Hexameta Phosphate powder 
on weight of water;  16 fl oz (600 ppm available 
chlorine) of sodium hypochlorite containing 5% avail- 
able chlorine. The towels are allowed to go through the 
" N o r m a l "  wash and rinse cycles and then are dried in 
the Whirlpool automatic gas dryer  at " R e g u l a r "  cycle 
for 30 rain at 1621~. 

The 164 towels are visually examined to determine 
if aiI towels are f rom the same lot. This is done by 
folding the towels in half  and overlapping each towel 
by about 1 in. on a large table. The appearance of all 
towels should be identical:  odd towels are removed 
and replaced. These towels are then marked and 
coded with permanent  ink. 

T o w n  Sol l ing 

The towels are set up on the racks in a statistical 
randomized pa t te rn  at two locations in the plant  
shops. Pumice soap (Klex) and a scouring cleanser 
(Ajax)  are provided for hand washing. Personnel 
front the pipe shop, machine shop, carpenter  shop and 
tinsmith shop use these towels to d ry  their  hands af ter  
washing in an adjacent sink. Previous tests indicated 
that  these two soiling locations gave the same degree 
of soiling. A chain is placed through tim brass grom- 
mets of the towels and locked with a padlock so that  
the towels cannot be removed from the rack. The 
soiled towels are removed daily and brought  to the 
laboratory by a laboratory technician. 
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T A B L E  I 

I~eflectance of Soiled Huck Towels After Sixth Washing 
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Towel 1A 1B 2A 2B 3A 3B 4A 4II 
No. 0 . 1 5 %  0 . 0 5 5  0 , 1 5 %  0 . 0 5 %  0 . 1 5 %  0 . 0 5 %  0 . 1 5 %  0 . 0 5 %  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Avg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

75 .5  
83.2  
80 .0  
79.9  
77 ,7  
80 ,0  
80 .2  
83 .7  
82 .4  
79.9  
81 .6  
82 ,0  
80 .7  
79.1  
78.1  

1204 .0  
8 0 , 2 7  

73.8  
77,3 
77 .7  
77.2  
76,5  
75 ,7  
76 ,2  
70 ,9  
73,8  
70,8  
76 ,5  
72 ,5  
71 ,5  
70 .6  
70,1 
74.2  

1185 .3  
74 .08  

80 .8  
81.0  
80.5  
82 .8  
79 .3  
84 ,9  
80 .0  
80 .8  
82 .1  
80 .1  
78.5  
79 ,2  
76 .7  
8 4 . 4  
78 .8  
77 .4  

1287 .2  
8 0 . 4 6  

77~7 
77 .5  
75.2  
74.9  
74 .5  
78 ,1  
73 .5  

78 .7  
75.8  
71 .4  
72 ,8  
66 .8  
72 .8  

9 6 9 , 7  
7 4 . 5 9  

81 ,6  
81 .8  
84,9  
82 .7  
79 .0  
8 1 , 7  
82 ,3  
78 ,2  
79.5  
77 ,9  
80 .6  
78 ,5  
81 ,1  
75.8  
83 ,6  
80 .6  

1 2 8 9 , 8  
8 0 , 6 1  

78 ,0  
78.8  
73.7  
73.7  
73 .9  
72 ,1  
74 ,8  
75.1  
71.7  
72.2  
70.2  
79 .5  
71 .6  
71 .7  
73.3 
73.3 

1 1 8 3 . 6  
7 3 . 9 8  

7 6 . 6  
80.0  
79.2  
76.0  
81 .8  
76 .9  
82 ,2  
80 .0  
80.9  
77.1  
81 .1  
81 .9  
78.1  
72.4  
82.3  
79.9  

1 2 6 6 . 4  
7 9 . 5  

7 0 . 5  
72 ,9  
72.3  
70 .0  
76 .4  
73 .1  
72 .2  
76 .2  
78.1  
70 .5  
74.3  
73 .9  
76 .5  
74 .5  
73.8  
75 .8  

1180 .5  
73 .78  

Washing and Drying 
W'ashing is done in a 5 gal Easy  Whirldry washer 

and drying is done in a Whirlpool  automatic dryer, 
as follows : 

Capacity of washer: 5 gal  
Number of soiled towels in load: 16 
Number of unsoiled towels in load: 4 
Total weight of load: 1.25 lb 
Ratio of load to water: 1:32 
Washing time: 15 minutes 
Water  hardness: 150 ppm (3 Ca/2  Mg) 
Washing temperature:  120F 
Centrifuging time after washing:  1 minute 
Number of rinsings: 2 
Volume of rinse water: 5 gat 
Temperature of rinse water: 100F 
Time of rinsing: 2 minutes 
Centrifuging time after rinsing: 1 minute 
Dry ing  time in Whirlpool  dryer: 30 minutes  
Temperature of Whirlpool  dryer: 162F (average) 
Number of soilings and washings:  6 

Statistical Design 
In the statistical design, two concentrations of a 

heavy duty powdered detergent (Fab) ,  one realis- 
t ically low (0.05% on wt of water) and one in line 
with package directions (0.15% on wt of water) were 
run in quadruplicate for a total of six soilings and 
washings. Soil ing and washing on each replicate was 
done on alternate days, as fol lows:  

Soiling and Washing Schedule 

Test No. Cone., % Soiling Washing 

1A 0.15 Monday Tuesday 
1B 0.05 Monday Tuesday 
2A 0.15 Tuesday Wednesday 
2B 0.05 Tuesday Wednesday 
3A 0 . 1 5  Wednesday Thursday 
3B 0 . 0 5  Wednesday Thursday 
4A 0.15 Thursday :Friday 
4B 0.05 Thursday Friday 

This design allowed a study of four days of the 
week as possible variables, as it was believed that 
some days gave heavier deposits of soil than other 
days. 

Instrumentation 
The Gardner Large Area Cotorimeter was used to 

measure the color changes of the towels. This instru- 
ment  is a trist imulus colorimeter which measures 
color on three scales. A n  area of 9.5 in. by 11 in. is 
read by the instrument,  although the newer models 

measure an area of 12 in. by 12 in. Color is read on 
three large ten turn potentiometer d ia l s - -an  "Rd" 
scale (reflectance), "a" scale (redness-greenness),  
"b" scale (yellowness-blueness) .  A special " R b "  scale 
is included to measure ultraviolet  reflectance. To de- 
tect the contribution of optical dyes to whiteness,  this 
instrument is equipped with a Novial  Shade A ultra- 
violet absorbing filter which could be placed into the 
two incident beams of l ight of the tungsten lamps. 
With these filters in the incident beams, no ultraviolet 
light can reach the fabric and therefore, only non- 
fluorescent color is measured. The contribution of 
any fluorescing materials, whether caused by absorp- 
tion of an optical dye or by a chemical modification 
of the fabric, is included in the color measured by 
the instrument.  Since optical dyes affect the "b" 
scale (yel low-blue),  more than the "a" scale (red- 
green),  the removal of yel lowness in the fabric pro- 
duced by the optical dye is determined by the differ- 
enee in the "b" scale readings with and without  the 
Novial  filter in the incident beam. 

Incandescent light emitted from a tungsten lamp 
which has less ultraviolet than daylight  is used in this 
instrument.  Accordingly,  the ultraviolet  reflectance 
measured is smaller than that which occurs in natural 
daylight. 

Results  and Discuss ion 

Detergency and Redeposition Evaluation 
The soil which is applied to the towels in plant 

shops may be black, brown or yel low or a combination 
of these colors. A randomized distribution of towels 
on the racks at the soiling stations over six soil-wash 
cycles produces a unifomn application based on the 
mean of 16 towels. Color measurements  were made 
after the sixth washing on the 16 soiled towels and 
4 unsoiled (redeposit ion) towels, as fol lows:  

" R d "  scale--reflectance 
"b" Filter In- -ye l low-blue  values, excluding 

brightener effect 
"b" Filter Out- -ye l low-blue  values, including 

brightener effect 

These three readings adequately accounted for all 
visible color changes in the towels. The " a "  scale 
readings (red-green) were omitted because there were 
no significant changes occurring on this scale that 
could be measured. The "Rd" readings measured 
the grayness, the "b" (Fi l ter In) readings measured 
the reduction in yel lowness excluding the effect due 
to optical brightener, and the "b" Filter  Out read- 
ings measured the reduction in yel lowness including 
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T A B L E  I I  ! 
Prec is ion  of H u e k  Towel Method Af te r  Sixth W a s h i n g  

S t a n d a r d  Significant 
] _ _ E r r o r  ] Diff. ( 9 5 % )  9 0 . 0  

M e~nflO:e t : n  cSoi I ~ Towels I / 
e ( d )  ............................................ 0.92 1.84 

Yellow-blue va lues  ( " b "  Fi l ter  Out)  . . . . . . . . . . . .  ] 0.17 [ 0.34 8 8 . 0  " 
Yellow-blue va lues  ( " b "  Fi l ter  I n )  ................ 0.11 [ 0.22 
Ul t ravio le t  ref lectance (Rb)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.70 1.40 

Mean  of 4 Redeposi t ion Towels 
Reflectance (Rd)  ........................................... 0.29 0.60 
Yellow-blue va lues  ( " b "  Fi l ter  Out)  ............. 0.18 0.37 8 6 . 0  
Yellow-blue va lues  ( " b "  Fi l ter  I n )  ................. 0.19 0.39 
Ultraviolet  ref lectance (Rb)  . . . . . . . . . . . . . . . . . . . . . . . . .  0.71 1.46 

the effect due to optical brightener. The 16 soiled 
towels after the sixth washing showed about 25.0 re- 
flectance units of unremoved soil, while the four 
redeposition towels showed about 4.0 reflectance units 
of redeposited soil. 

Detergency efficiency is based on the decrease in 
grayness or increase of ' ' R d "  values and on the reduc- 
tion in yellowness or decrease in " b "  (Filter In)  
values of the 16 soiled towels. Antiredeposition effi- 
ciency is also based on the decrease in grayness or 
increase in " R d "  values and on the reduction in 
yellowness or decrease in " b "  (Filter In)  values of 
the four redeposition towels. The efficiency of the 
optical brightener is based on removal of yellowness 
as indicated by the difference in " b "  values with and 
without the novial filter in the light path. 

A statistical analysis of the four replicates gives a 
standard error of the mean of 16 towels as 0.92 re- 
flectance units (8) and to a 95% confidence level, the 
precision or significant difference is 1.84 reflectance 
units. Therefore, if the difference between two load 
means (16 soiled towels) exceeds 1.84 reflectance units 
the grayness produced by the two detergents is differ- 
ent, and if the difference is less than 1.84 units the 
grayness produced by the two detergents is the same. 
The significant difference of the 16 soiled towels to a 
95% confidence ]eve] of " b "  Fil ter  In  values was 
found to be 0.22 units, and " b "  Filter Out values was 
found to be 0.34 units. 

The precision that can be expected of the mean of 
four redeposition towels to a 95% confidence level is 
0.60 for reflectance (Rd),  0.39 units for " b "  Filter 
In  values and 0.37 units for " b "  Fil ter Out values. 

U l t r a v i o l e t  R e f l e c t a n c e  E v a l u a t i o n  

The " R b "  scale on the Gardner Large Area Color- 
imeter measures the ultraviolet reflectance of the 
towels with a light source of two 15 watt BLB Black- 
light lamps. These lamps radiate most of their energy 
in the near ultraviolet region of the spectrum between 
320--400 mt~, and they emit ultraviolet light through a 
special filter glass which is par t  of the lamp that  
absorbs nearly all of the visible light. The " R b "  scale 
measures the intensity of ultraviolet reflectance pro- 

T A B L E  I I I  
I n e r e m e n t a ]  Decrease  in Reflectance Averages  of Four  Replicates  

Cycle Conc. Af te r  Soiling 
( % )  (Rd)  

Or ig  . . . . . . . . . . . . . . . . . . . .  

1 ............... 0;15 / 84.9 
3.,:12 . . . . . . . . . . . . . .  ............ ,[ 0.150.15 Ii 82.981.1 
4 . . . . . . . . . . . . . . .  0.15 80.0 
5 ............... 0.15 78.9 
6 ............... 0.15 77.7 

Orll~jZ::Z:::: 0:05 i~:4 
2 ................ 0.05 s1.1 
3 ................ 0.05 ] 78.5 
4 ............... / 0.05 I 76.4 
5 ............... 0.05 / 75.0 
6 . .  I 0.05 I 72.9 

Af ter  
W a s h i n g  

(Rd)  

- - 9 0 . 0  - 
87.7 
85.6 
83.8 
82.5 
81.4 
80.1 

9 0 . 0  
85.8 
82.4 
79.9 
78.0 
76.3 
74.8 

Soil f Soil 
Aoplied IRemoved 
(~Rd~) (ARd'2) 

4.8 I 2.7 
4.5 J 2.7 
3.8 [ 2.5 
3.6 I 2.5 
3.8 2.4 _ _  

5.6 1 i;~ 
4.7 1.3 
3.9 1.4 
3.5 1.6 
3.0 1.3 
3.3 I 1.4 

Soil 
Remaining 

( ARdl- 
5Rd2) 

2.3 
2.1 
1.8 
1.3 
1.1 
1.3 

3.4 
2.5 
1.9 
1.7 
1.9 
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nr 

t9 
z_ 
"1" 
Cn 

O~ 
bJ 

b. 

bJ 
O 
Z 

W 
_J 
t.L 

8 4 . 0  

8 2 . 0  

8 0 , 0  

7 8 . 0  

76.0  

• 035% DETERGENT 

• 0 .05% DETERGENT 

74.0 
O I 2 3 4 5 6 

NO. OF SOIL -WASH CYCLES 
FIG.  1. R e f l e c t a n c e  o f  h u c k  t o w e l s  a f t e r  6 s o i l - w a s h  cyc l e s .  

duced by the optical brightener. The function of this 
scale is similar to that  of a fluorimeter. 

A statistical analysis of the four replicates gives 
significant differences to a 95% confidence level of 
1.40 Rb units for the mean of 16 soiled towels and a 
value of 1.46 Rb units for the mean of four redeposi- 
tion towels. 

] 3 e h a v i o r  o f  S o i l  

In  the Huek towel test as described, readings need 
only be made after the sixth washing. However, in 
this test, reflectance readings were made after every 
soiling and after every washing on the 16 towels soiled 
in the plant shops so that the behavior of the soil 

7.0 

6 . 0  

"~ 5.0 

l..,J 4..O 
0 
Z 

0 3 .0  
W 
_1 

I.IJ 
fit: 2 . 0  

1.0 

• SOIL APPLIED-O.15% DETERGENT 

o SOIL REMAINING--O.15% DETERGENT 

• SOIL APPLIED--O.05% DETERGENT 

[] SOIL REMAINING--O.05% DETERGENT 

o 

o 

I I I I I I 
0 I 2 3 4 5 6 

NO. OF S O I L -  WASH C Y C L E S  

FIG. 2. Reflectance o f  soil app] ied  and soil rema in ing  a f t e r  
6 soil-wash cycles. 
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could be determined by this procedure (Table I I I ) .  
Averages of the four  replicates for  each of the two 
concentrations of the detergent were plotted against 
the number of soil-wash cycles in Figure  1. This curve 
shows that  the reflectance of the towels gradually 
decreases af ter  each washing, indicating that  some 
soil remains and has not been removed completely by 
the previous washing. The slope of this curve also 
shows that  the soil remaining is large, and that  there 
are definite differences between the detergency of both 
concentrations of the same detergent. 

The incremental decrease in reflectance (aRd)  af ter  
each soiling and washing is shown in Figure  2. The 
ARd of soil remaining on the towels and the aRd of 
soil applied after  each soiling decreases in the first 
four cycles, then becomes constant at the fifth cycle. 
Apparent ly  soil saturation occurs at the fifth eye]e, at 
which point the soil that  the towels will permanent ly  
retain and which cannot be washed out by the given 
concentration of detergent becomes constant. Both 
concentration curves are parallel to each other. The 
difference between the ordinates of these two curves is 
a constant and represents the soil removed. The satu- 
ration point occurs at the fifth cycle for both coneen- 

trations of the same detergent. This suggests that  for  
different concentrations of the same detergent and for 
the same substrate (Huek towels) and for  the same 
type of soil (mechanical shop soil), the saturation 
point occurs at the same cycle. Since the ARd's of 
soil applied and soil remaining become constant at the 
fifth cycle, the Huek towel procedure should be run at 
least five eyries. However, using six cycles gives 
greater assurance that  a constant residual soil is 
adsorbed by the towels. 
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A Colorimetric Method for the Determination 
Parts/Million of Nonionic Surfactants 
R. A. GREFF, E. A. SETZKORN and ~V. D. LESLIE, Analytical Research 
Section, Continental Oil Company, Ponca City, Oklahoma 

Abstract 
A method for the determination of nonionics 

ill low eoncn (0-20 ppm) has been developed. 
This method is based on the formation of a blue 
complex between ammonium cobaltothiocyanate 
reagent and a polyethoxylated compound. This 
complex is extracted into benzene ~rom a saturated 
salt solution and measured with a spectrophotome- 
ter  at 320 m~. The absorbance reading is com- 
pared to a standard. 

The method requires only a single extraction 
and no prelbninary cohen step is necessary. I t  is 
sensitive to polyethoxylated compounds contain- 
ing three or more moles of ethylene oxide. We 
have used this method to detect as little as 0.01 
mg of nonionic in 100 ml of sample (0.1 ppm).  
Reaction conditions, sensitivity differences be- 
tween compounds, interferences and suitability 
for  use in biodegradation studies have been in- 
vestigated. The accuracy and repeatabil i ty of this 
method is ± 3 %  relative at 20 ppm eoncn. 

Introduction 
A REVIE~N OF THE LITERATURE s h o w s  f e w  inethods 

for the determination of nonionies in low conch 
ranges. In higher eonen ranges there are methods 
based on gravimetric, volmnctric and eolorimetrie pro- 
cedures. Shaeffer and Critchfield (11) described a 
gravimetric procedure using' silicotungstic acid to 
precipitate the nonionic. They also describe a co]ori- 
metric procedure based on a molybdenum determina- 
tion af ter  precipitation with phosphomolybdie acid. 
Oliver and Preston (9) used phosphomolybdie acid 

of 

in a gravimetric procedure. Barber,  Chinnick and 
Lincoln (1) describe a more rapid procedure using 
phosphotungstic acid. Stevenson (12) developed two 
colorimetrie methods, both based on reaction with 
phosphomolybdic acid. Schoenfeldt (10) developed a 
volumetric procedure based on reaction with ferro- 
cyanic acid and determination of the excess reagent 
with s tandard zinc sulfate. Karabinos (7) described 
a phenol t i t rat ion procedure for determination of 
ethylene oxide chain length. Ca. 3 moles of phenol are 
required for each 7-8 ethylene oxide units. Davis, 
Watman and Speel (4) used the phenol t i t rat ion for 
determination of cohen. Wurzsehmitt  (17) describes 
oxonimn ion formation and the development of colored 
precipitates with reagents such as Kid and ammonium 
cobaltothioeyanate. Two oxonium groups appear  to 
form for each 5.5 ethylene oxide units. 

The ammonium cobaltothioeyanate reaction first 
described by Gnamm (5) was used as a qualitative 
test for  polyethoxylated compounds by Wurzschmit t  
(17) and van der Hoeve (14,15). In  1955, Brown 
and Hayes (2) published a method for the quantita- 
tive determination of polyethylene glycol mono-oleate 
using the cobaltothiocyanate reagent of Wurzschmit t  
to produce a colored complex which is extracted into 
chloroform and determined absorptiometrically. Also 
ill 1955, Kura ta  (8) published a review of methods 
for the analysis of nonionics in which he described a 
procedure using a coned ammonium eobaltothiocyanate 
reagent and benzene as the extraction solvent. The 
nonionic eobaltothiocyanate complex was extracted 
with benzene from a saturated salt solution. The 
benzene layer  was dehydrated with anhydrous sodium 
sulfate, centrifuged, and its absorbance measured. 


