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U P to the I)resent time the measurement  of glyc- ,.o 
erine color has been accomplished by  visual 
means. The eoh)r s tandards  have ranged f rom 

tile descriptive type, such as " v e r y  l i g h t "  and o., 
" s t r a w  co lor"  to comparison with the Lovibond 
glass slides. Visual comparisons have been set up 
for  C.P. and I : .S .P .  grades using tile s tandard  col- o.~ 
orimetrie solutions (N.F. and U.S.P.) to define co]or 
limits. The glass slides used in the Lovibond tintom- 
eter are applicable to the nleasurement of the color oz 
of I I igh Grav i ty  or I)ynainite grades in terms of an 
a rb i t r a ry  scale. 

Lovibond determinations have the inherent  disad- ~ o.~ 
vantages of visual methods, such as eye fatigue, indi- 
vidual  differences, l imited object ivi ty  of approach,  
and color vision defects. Fur thermore ,  at the I)resent ~< o.s 
t ime the appara tus  used and par ts  thereof are not V- 

Q_ 
easy to obtain (1). o 

Since spectrophotometers  have become a pa r t  of 
the s tandard  equipment  in m a n y  laboratories,  we o.4 
decided to stud), tllc applicat ion of this ins t rument  
to the problem of glycerine color measurement .* 
Because glycerine color is commonly repor ted in o~ 
Lovibond units, one of the, objects of our work was 
to develop a spectrophotometr ic  method for  determin- 
ing color in terms of these units. I t  se.emed prob- oa 
able that  under  the proper  conditions this could be 
accomplished with greater  accuracy and reliabil i ty 
than  is obtained hy the use of Lovibond glasses. That  o., 
this can be achieved is s t rongly indicated by  the 
results obtained in the present  study. We feel con- 
fident that,  with fu r the r  refinement through cooper- 
ative investigation, the spectrophotomctr ic  method 
can be a useful addition to cur ren t ly  accepted meth- 
ods for  the determinat ion of color in glycerine. 

Experimental 

The appara tus  used by  our l abora tory  in tilts work 
consisted of a Wesson type colorimeter and set of 
L o v i h o n d  glass slides, and a Coleman Universal  
spectrophotometer  ( M o d e l  11) with 13-mm. square 
cuvettes. The cooperating laboratories used com- 
parison colorimeters with Lovibond glasses, four  
Beckman spectropllotometers (Model DU),  and one 
Coleman Jun io r  spectrophotometer.  Fifty-five glyc- 
erine samples were used in the development of the 
proposed method, and 10 addit ional  samples were 
used in verification. 

In  the beginning of this s tudy  eight samples of 
high-gravi ty  glycerine were measured spectrophoto- 
metr ical ly over the wave length range 370 to 720 m~, 
in order to cover the whole visible range. F igure  1 
shows the curves obtained when optical density was 
plot ted against  wave length. Lovibond color values 
also were determined for these samples, in the usual 
way. Several statistical methods were applied to 
these data to determine the best wave lengths to be 

* T h e ,  use of p h o t o - c e l l  i n s t m l m e n t s  f o r  d e t e r m i n a t i o n  of  o i l  a n d  ta l -  
l o w  c o l o r s  h a s  b e e n  t he  s u b j e c t  o f  c o n s i d e r a b l e  s t u d y  (1 ,  2 ,  3 ,  4 ) .  

WAVE LENGTH, m)L 
FIG. 1. Optical density v~. wave length for eight high-gravity 

glycerine samples. Coleman Model 11 spectrophotometer, using 
13-ram. cuvettes. 

used when convert ing optical densi ty data to Levi- 
bond values. One of these methods was the calcula- 
tion of correlation coefficients between the two sets 
of measurements.  Another  involved the determina- 
tion of the mean deviation f rom the average ratios 
between Lovibond color and optical  density at vari-  

T A B L E  [ 

Results of Statistical Analysis of Lovibond and Optical Densi ty  
Data o n  E i g h t  G l y c e r i n e  Samples 

"Wave Length  
: M i l l i - m i c r 0 n s  

4 2 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 6 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 2 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 6 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Correlation Coeffi-  
c i e n t s  B e t w e e n  

J , o v i b o n d  L o v i b o n d  
R e d  and Yellow and 
O p t i c a l  Optical 
Densi ty  Dens i ty  

0 . 7 2  
0 . 7 3  . 82  

. 78  . 8 4  
. 9 0  . 7 8  
. 9 4  . 73  
. 9 6  . 67  
. 95  . . . . . .  
�9 94 . . . . . .  

P e r  C e n t  ~Iean 
Deviation from 
Average Ratios 

Lovibond Lovibond 
R e d /  Y e l l o w /  

O p t i c a l  Optical 
Dens i ty  Densi ty  

13  1 2  
11  12  
12  1 4  

8 .3  :l 7 
7 . 4  1 8  
9 . 0  1 9  

1 4  2 7  
1 7  .20 
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OPTICAL DENSITY AT 44-0 mN 

[PIG. 2. l ~ e ] a t i o n s h i p ' b e t w e e n  optical c]ensit, y a t  440 in# a n d  
Lovibond yellow color, 13-inm. cuvettes. 

ous wave lengths. Results from these two methods 
are listed in Table I. 

F rom Table I it is seen that the wave lengths giv- 
ing the highest correlations t)etween optical density 
values and Lovibond red and yellow colors are about 
530 mt* and 450 rot* arid those showing minimum ratio 
deviations are about 490 rot* and 430 nat*, respectively. 
Since it is obvious from the data that  the wave length 
is not highly critical, at least over a range of about 
30 rot*, a tentative selection of 520 lnt* for red and 
440 nit, for yellow was made. The validity of these 
selections was confirmed by the good correlation ob- 
tained in subsequent work with large numbers of 
glycerine samples. 

In  the next phase of the work each cooperating 
l a b o r a t o r y  obtained spectrophotometric and Lovi- 
bond d~ta on 8-]0 samples of glycerine. Measure- 
ments on these samples, of which there were 47 in 
all, were also made by the authors. The total  data 
fronl 55 samples were used to calculate the relation- 
ships between optical density values made at 440 rot* 
and 520 mu and Lovibond yellow and red colors, 
respectively. Two linear equations were found by 
the method of least squares. They are:  

for yellow : Ly  ~ 153I)~ - -  5.7 
for red : Lr  ~ 80.7l)~ - -  0.55 

I Present.~,d at 22nd annual  fall meeting, American Oil Chemists' 
Society, New York City, Nov. 15-17, 19i8.  

where 
Dl ~ o p t i c a l  density at  440 rot* for 13 toni. cell 
I),, ~-- optical density at 520 mt* for 13 mm. cell 
Ly  ~-- Lovibond yellow color 
Lr  ~ Lovibond red color 

The degree of conformity between the data and 
the equations is shown by Figures 2 and 3. I t  will 
be noted that the curves show a positive optical dens- 
ity value at zero Lovibond. This presumably rcprc- 
sents the average light transmission loss due to the 
several air-glass interfaces of the Lovibond glass com- 
binations. Since it is usually necessary to use several 
Lovibond glasses to match a given glycerine sample, 
a significant par t  of the color intensity of the samph; 
is " m a t c h e d "  by the light loss at the air-glass inter- 
faces. Spectrophotometric measurements involve no 
net loss of this kind so it is to be expected that zero 
optical density will not be reached on extrapolation 
of the line to zero Lovibond. 

Fo r  verification of this method of conversion, a 
set of 10 glycerine samples covering a representative 
color range was prepared. St)cetrophotometric and 
Lovibond data were obtained for each sample by our 
laboratories and by the cooperating laboratories. The 
data obtained are listed in Tables I I  and I I I .  They 
indicate that satisfactory agreement can be expected 
between different laboratories using visual and spec- 
trophotometric methods to obtain Lovibond color and 
that  values o b t a i n e d  spectrophotometrically are at 
least as reliable as values obtained visually. I t  should 

20 

18 

16 

Ld 

Z 
0 
m ~0 

o _.1 

- -  . u  

oL ~ o!, oL 
OPTICAL DENSITY AT 52Omj~ 

]~'Id. 3. Relationship between optical density at 520 m# and 
I, ovibond red color, 13-ram. cuvettes. 
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be clearly understood tha t  the methods described are 
pure ly  p re l iminary  and have no official status. 

Summary 
A method has been developed by  which spectre- 

photometr ical ly  measured g l y c e r i n e  color can be 
expressed in terms of Lovibond units. The yellow 
and red color values are determined, by  means of 
two stat ist ically derived l inear relationships, f rom 
optical density measurements  at 440 m~ and 520 
m~, respectively. The conversion f rom spectropho- 
tometric data to Lovibond color mit ts  may  be done 
graphical ly  and the results are a t  least as reliable 
as the results of repeated visual measurements.  
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The Effect of a Non-ionic Detergent on the Detergency of 
Alkylaryl Sulfonates and Soap in Hard Water" 
G. E. BARKER, Atlas Powder Company, Wilmington, Del. 

Introduction 

I T has heen recognized for  many  centuries that  soap 
has certain deficiencies as a d e t e r g e n t  in hard  
water.  Dur ing  the past  two or three decades much 

research has been devoted with considerable success 
to the development of d e t e r g e n t s  which overcome 
the less desirable propert ies  of soap in hard  water.  
Among these la t ter  products  of promise are the non- 
ionic detergents.  One purpose of this paper  is to 
show the effect of one of these non-ionic detergents 
on the d e t e r g e n c y  of soap. I t  has likewise been 
known for  several years tha t  the a lkylaryl  sulfonate 
type of detergent,  al though excellent for  many  ap- 
plications, is deficient in detergency for  the washing 
of cottons. In spite of this deficiency the a lkylaryl  
sulfonates foani profusely  whereas the non-tonics are 
general ly not good foam producers.  Consequently a 
second purpose of this paper  is the determinat ion of 
the effect of a non-ionic on the detergency of alkyl- 
aryl  sulfonates in the washing of cotton. 

The employment  of synthetic detergents with soap 
has not received great  a t t e n t i o n .  McDonald (1) 
described some exper imental  work on a salt water  
soap which contained admixtures  of soap with syn- 
thetic detergents,  inchtding some n o n - t o n i c s .  Re- 
cently, Barker  (2) reported some pre l iminary  results 
on tim effect of certain non-ionic detergents on the 
detergency of the a lkylaryl  snlfonates. The purpose 
of this paper  is to present  new data  on the effect of 
a non-ionic detergent,  R e n e x ,  ~ a polyoxyalkylene 
derivat ive of mixed f a t t y  and resin acids, on the 
detergency of the two major  groups of anionic deter- 
gents, soap and a lkylary l  sulfonates, as measured in 
the laboratory.  

In  view of the predominant  importance in both 
commercial  and home launder ing of cotton washing, 
the evaluation of detergent  systems has been devoted 
prine, ipal ly to this fabric.  There are many  methods 
of m~asuring detergeney in the laboratory,  but  most 
of them consist of removing f rom a fabr ic  a syn- 
thetic soil composed of earbon and some form of oil 

* Presented at the 22rid fall meeting, American Oil Chemists ~ Society, 
New York City, Nov. 15-17, 194~. 

I R.e~istered Trade Mark, Atlas Powder  Co., Wilmington 99, nel .  

or grease by  washing in a labora tory  machine. The 
present  s tudy was conducted by  washing a syntheti- 
cally soiled cotton muslin with a detergent  solution 
in a Launder-O-Meter  type machine. The detergency 
is measured by  determining the light reflectance of 
the soiled fabric  before and af ter  washing. The deter- 
gent efficiency is calculated by the following formula : 

Rw--R~ 
Detergent  efficiency - -  X 100. 

Ro--R~ 
Where Rw ~ Reflectance of the washed fabr ic  

R~ ~ Reflectance of the soiled fabr ic  
Re ~ Reflectance of the unsoiled, unwashed 

fabric.  

In this discussion Relative Detergent  Efficiency is the 
ratio of the efficiency of one detergent  system relative 
to the efficiency of any  other detergent  system taken 
a rb i t r a r i ly  as 100. 

EXPERIMENTAL 

Preparation of Standard Soiled Fabric 
One of the most influential factors  in detergent 

testing is the character  and method of prepara t ion 
of the soiled fabric.  The s tandard soiled fabr ic  used 
in this s tudy  is essentially tha t  of Vaughn  and Smith 
(3). The pr incipal  differences are dictated b y  the 
smaller scale of operations. 

In this work strips, 10 in. x 120 in., of a s tandard 
muslin are immersed in a 0.l N sodium hydroxide 
solution and mainta ined in it for two minutes. The 
str ips of fabric  are then rinsed three times in dis- 
tilled water  at 80~ for  five minutes each time. The 
fabric  is then placed in a solution of 15 g. of sodium 
stearate and 3,300 ml. of distilled water  (at  80~ 
and are thus washed at that  t empera tu re  by  gentle 
s t i r r ing for  two minutes. Af ter  having been washed, 
the fabr ic  is rinsed three times at  80~ and three 
times at  room t e m p e r a t u r e  in distilled water  for  
five minutes  each time. The clean fabr ic  is squeezed 
through the rolls of a washing machine wringer  and 
ironed immediately.  Care is taken dur ing  these op- 
erations to mainta in  the cloth submerged below the 
surface of the solutions, and the solutions are st irred 
f requent ly  to obtain thorough washing and rinsing. 


