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Abstract  
A s t u d y  of  t h e  u n i f o r m i t y  of  t h e  n o m i -  

n a l  g r a d e s  of  L o v i b o n d  r e d  g l a s s e s  w h e n  
u s e d  w i t h  a L o v i b o n d  35-ye l low g l a s s  h a s  
b e e n  m a d e .  A t o t a l  o f  2,700 g l a s s e s  h a v e  
b e e n  i n v e s t i g a t e d ,  c o n s i d e r e d  in  g r o u p s  of  
1,000, 1,000, a n d  700. R e s u l t s  on  t h e  f i r s t  
g r o u p  of  g l a s s e s  h a v e  a l r e a d y  b e e n  p u b -  
l i s h e d  b u t  a r e  i n c o r p o r a t e d  in  t h e  p r e s -  
e n t  p a p e r .  T h e  s e c o n d  a n d  t h i r d  g r o u p s  
c o n f i r m  n o t  o n l y  t h e  e x i s t e n c e  b u t  a l s o  
t h e  m a g n i t u d e  of  t h e  d e p a r t u r e s  f r o m  
a d d i t i v i t y  f o u n d  in  t h e  f i r s t  g r o u p .  I t  i s  
s h o w n  t h a t  t h e  s a m e  i m p o r t a n t  d i s c r e p -  
a n c i e s  w o u l d  s t i l l  o c c u r  in  g r a d i n g  v e g e -  
t a b l e  oil  i f  u n e a l i b r a t e d  L o v l b o n d  r e d  
g l a s s e s  a r e  u sed .  I t  m a y  be  conc luded ,  
t h e r e f o r e ,  t h a t  t h e  n e e d  f o r  c a l i b r a t e d  
g l a s s e s  s t i l l  e x i s t s  f o r  c o l o r - g r a d i n g  p u r -  
p o s e s  i n  t h e  v e g e t a b l e  oil  t r a d e .  

I. INTRODUCTION 

T H E  definition of the color of 
oil in terms o f  Lovibond 
glasses dates back to 1900 

when Lovibond glasses were first 
introduced into this country to es- 
tablish a standard for "prime sum- 
met yellow cotton seed oil." The 
color represented by the combina- 
tion of glasses, Lovibond 35Y 
7.1R', was first adopted by the In- 
terstate Cotton Seed Crushers' As- 
sociation; this standard was later 
changed to 35Y 7.6R. However, 
the prime-summer-yellow color is 
but one of several reference points 
on the 35-yellow, variable-red scale 
(35Y q- N R ) ;  other reference 
points on  the same scale are used 
for other kinds of oils. ~ In the 
course of trade, inconsistencies oc- 
curred in the grades assigned the 
oils which in 1912 led the Society of 
Cotton Products Analysts, now 
American Oil Chemists' Society, to 
appeal to the National Bureau of 
Standards for an investigation of 

xEach  of  t h e s e  g l a s s e s  i s  o n e  of  a s e r i e s  
of f l a s h e d  r e d  ( R )  a n d  y e l l o w  (Y)  g l a s s e s  
w h i c h  a r e  g r a d e d  by  t h e  m a k e r s  a c c o r d -  
i n g  to  t h e i r  " d e p t h  of  co lo r . "  T h e  p r i n -  
c ipa l  c o l o r i n g  m a t e r i a l s  u s e d  i n  t h e s e  
g l a s s e s  a r e  g o l d  f o r  t h e  r e d  a n d  s i l v e r  
f o r  t h e  ye l low.  T h e  r e d  g l a s s e s  a b s o r b  
m o s t  s t r o n g l y  in  t h e  g r e e n  a n d  t h e  y e l -  
low g l a s s e s  i n  t h e  v io l e t .  

�9 F o r  e x a m p l e ,  w i n t e r  c o t t o n s e e d  oil, 
c o c o a n u t  oil, p e a n u t  oil, a n d  s o y a  b e a n  
oil a r e  d e f i n e d  on  t h e  35Y -]- N R  s c a l e  a t  
N = 2.5, 3,5, 5, a n d  9, r e s p e c t i v e l y .  A 
p o r t i o n  of  one  of  t h e  r u l e s  ( C r u d e  Oil  S e t -  
t l e m e n t s )  g o v e r n i n g  t r a n s a c t i o n s  b e t w e e n  
m e m b e r s  of  t h e  N a t i o n a l  C o t t o n s e e d  
P r o d u c t s  A s s o c i a t i o n ,  Ine . ,  s u c c e s s o r s  to  
I n t e r s t a t e  C o t t o n  S e e d  C r a s h e r s '  A s s o c i a -  
t ion ,  Inc . ,  s t a t e s ,  " S e l l e r  s h a l l  p a y  b u y e r  
f o r  off co lor  a t  r a t e  of  ~ o f  1% of  c o n -  
t r a c t  p r i c e  f o r  e a c h  1 p o i n t  in  e x c e s s  of  
7.6 r e d  in  t h e  c a s e  of  c o t t o n s e e d  oil o r  
5 r e d  in  t h e  c a s e  of  p e a n u t  o i l . "  

* P u b l i c a t i o n  a p p r o v e d  b y  t h e  D i r e c t o r  
of  t h e  N a t i o n a l  B u r e a u  of  S t a n d a r d s  o f  
the U. S. D e p a r t m e n t  of  C o m m e r c e .  

2 B 2  

C O N T E N T S  
I Introduction 

I I  Erratic departures from a d -  
d i t i v i t y  i n  t h e  L o v i b o n d  scale 

I. Variations among 
glasses of i d e n t i c a l  
nominal grade 

2. Variations in the size 
of the intervals 

I I I  Regular departures from ad- 
d/tivity i n  L o v i b o n d  scale 

I V  S u m m a r y  

the uniformity of Lovibond glasses. 
The results of this early investiga- 
tion were presented orally 3 to the 
oil chemists in 1913. At that time 
were reported : 

1. Discrepancies as large as 0.5 
among the red glasses of the 
same nominal value. 

2. Greater discrepancies among 
the red glasses than among the 
yellow. 

3. Lack of additivity. 
4. Lack of a satisfactory stand- 

ard set. 
It was then agreed that the Na- 

tional Bureau of Standards set, 
BS 9940, be adopted as the stand- 
ard and that all glasses used in the 
oil trade be compared with the 
glasses of this standard set. Before 
this could be done, however, it was 
necessary to standardize the set it- 
self because of the irregular color 
intervals present. Certain of these 
irregular intervals may be seen by 
reference to a previous paper3 

This standardization 5, which re- 
sulted in the adoption in 1927 of 
the standard Priest-Gibson N" unit 
and scale, is one of several projects 
in the program of investigations in- 
tended to reduce or eliminate the 
inconsistencies occurring in the color 
grading of cottonseed and other 
vegetable oils. These investigations 
have dealt not only with the spec- 

aI. G. l~r ies t ,  R e p o r t  o f  P r o c e e d i n g s  of 
t h e  F o u r t h  A n n u a l  M e e t i n g ,  S o c i e t y  of  
C o t t o n  P r o d u c t s  A n a l y s t s ,  C h i c a g o ,  Ill., 
J u n e  21, 1913. 

+G. K.  W a l k e r ,  Statist ical  investigation 
of the un i formi ty  of grades of 1,000 Levi -  
bond red glasses,  BS J. R e s e a r c h  12, 269 
(1934)  R P 6 5 3 ,  F i g .  5. 

5K. S. G i b s o n  a n d  G. W .  H a u p t ,  Stand-  
ardization of Lovibond red glasses in 
combination w i th  Lov lbond 35 yel low,  J .  
R e s e a r c h  N B S  13, 433 (1934) R P 7 1 8 ;  a l so  
Oil  a n d  S o a p  11, 246 (1934).  

trophotometric analysis and the cali- 
bration of Lovibond red and yellow 
glasses but also with the spectro- 
photometric analysis of the oils 
themselves .6 

Nearly 3,500 Lovibond red glasses 
have now been compared with the 
standardized glasses 7 and a statis- 
tical analysis of the regrade values s 
for the first 1,000 glasses graded 
has been published2 

It  is the purpose of the present 
paper: (1) to give the results of 
the investigation on the first 2,700 
glasses, examined in three groups, 
1,000, 1,000, and 700, and (2) to 
compare conclusions obtained from 
a statistical analysis of each of these 
three groups. 
II. E R R A T I C  DEPARTURES 

FROM ADDITIVITY IN T H E  
LOVIBOND SCALE 

I .  V a r i a t i o n s  Among Glasses of 
Identical Nominal  Grade 

The variations in the regrade 
values, N",  which were found among 
glasses of identical nominal grade, 
N, may be seen from the histograms 
in figure 1, which show the fre- 
quency distributions of the regrade 
numerals. The first group of 1,000 
are represented by black areas, the 
second group of 1,000 by striped 
areas, and the third group of 700 by 
white areas. The ordinate indicates 
the number of glasses having the 

eK. S. G ibson ,  F .  K .  H a r r i s ,  a n d  I .  G. 
P r i e s t ,  The  Lov ibond color s y s t e m - - A  
SPectrophotometrio analys4~ ol the Lev i -  
bond glasses, B S  Sci. P a p .  ~9  (1927-28)  
$547. D.  B.  J u d d  a n d  G.  K .  W a l k e r ,  A 
s tudy  o] 129 Lov tbond  red glasses wi th  re- 
spect  t o  t h e  reliability of their nominal  
grades, Oil a n d  F a t  I n d u s t r i e s  S, 16 
(1928) .  I .  G. P r i e s t ,  Tes t s  of color sense 
o/ A.O.C.S. members  and  data on sensi- 
bility to change in Lov ibond  red, Oil  a n d  
F a t  I n d u s t r i e s  fi, 63 (1928) .  D. B. J u d d ,  
Effect  o] t empera ture  change  on the  color 
of red and  ye l low Lov ibond  glasses, BS 
J .  R e s e a r c h  1, 859 (1928) RP31.  I .  G. 
P r i e s t ,  D.  ]3. J u d d ,  K .  S. Gibson ,  a n d  G. 
K.  W a l k e r ,  Calibration o] sixty-f ive 35- 
yel low Lovibond glasses, B S  J.  R e s e a r c h  
2, 793 (1929) RP58 .  H.  J .  M c N i c h o l a s ,  
Color and  spectral  transmdttance of vege-  
table oils, J .  R e s e a r c h  N B S  15, 99 (1935) 
R P 8 1 5 ;  a l so  Oil  a n d  S o a p  12, 167 (1935).  
K.  S. G ibson ,  N o t e  o n  the speetrophoto- 
metr ic  grading of vegetable  oils on the 
N"  Lov ibond seals, Oil  a n d  Soap  14, 286 
(1937).  

~The  m e t h o d  u s e d  i n  t h e  s e l e c t i o n  of  
t h e  s t a n d a r d  g l a s s e s  is  d e s c r i b e d  in  J .  
R e s e a r c h  N B S  13, 441-442 (1934) RP718 
a n d  t h e  p a r t i c u l a r  g l a s s e s  s e l e c t e d  a r e  
l i s t e d  i n  B S  J .  R e s e a r c h  12, 271 (1934) 
RP653.  

SBy regrade values are meant values 
assigned according to the standard 
Priest-Gibson N "  sca le .  

~BS J .  R e s e a r c h  12, 269 (1934) RP653.  
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REGRADE NUMERAL , N" 
Fiqure 1.--Frequency distributions of the reqrade numerals, N", amonq qlttsses of 

identical nominal r N, for the three qroups of qlasses |nvesticjated. 
B l a c k  a r e a s  r e p r e s e n t  d i s tr ibut ion  a m o n q  t h e  first l ,O00 q l a s s e s :  s t r iped  a r e a s ,  s e c -  

o n d  LO00 q l a s s e s :  w h i l e  a r e a s ,  l a s t  700 .  

re.grade numeral shown on the ab- 
scissa. In  the figure there are 27 
histograms, which have N values 
ranging from .10 to 20.0, and each 
histogram presents data on glasses 
having identical maker 's  numerals 
engraved upon them; none shown 
contains fewer than 16 glasses. In  
t h e i r preparat ion class-intervals 
were used, the sizes and positions 
of which were arbi trar i ly selected 
and varied according to the magni- 
tude of N as follows: 

Size of Class- 
Interval Magnitude of N 

N" = 0.05 .10_ N < 1.0 
N" = 0.1 1.0 _< N < 10.0 
N " = 0 . 2  10.0 _ < N <  16.0 
N " = 0 . 4  16.0 _<N<_ 20.0 

As an example, let us consider 
N = 2.0, which contains the largest 

number of glasses, 144. The size of 
its class-interval is 0.1 N" unit and 
the class-interval centering at 2.3 
contains 65 glasses, 14 of which 
were among the first 1,000 graded, 
33 among the second 1,000, and 18 
among the third 700. However,  the 
regrade numerals of these 65 glasses 
as calibrated and reported were not 
all of this one value 2.3, but ranged 
in N" units from 2.25 to 2.341% the 
limits of the class-interval desig- 
nated as 2.3. 

I t  is apparent from any of the 3 
groups shown in figure 1 that the 
variations among glasses of identi- 
cal nominal grade may well have 
been one of the major  causes of 
commercial disputes. As previously 
shown for the first group of 1,000 
glasses, variations among the tenth 
glasses are not very large (.14 to 

o i !  & s o a p  

.25), but from N = 5.0 to N = 
12.0 the average range is greater 
than one whole unit (1.15).  Among 
the higher grades the variations are 
still larger. 

The ranges exceed the tolerances 
in every case. F rom N = 1.0 to 
N = 10.0, the ranges exceed the tol- 
erance of 0.1 by factors from 2.5 
to 13.0. Over a quarter of the 
total number graded have regrade 
numerals which differ from the re- 
spective means by more than our 
tolerances. These means of the re- 
grade numerals, N",  for each of the 
nominal grades from N = .10 to 
N = 20.0 are given in column 3 of 
table 1, where also will be found 
in column 6 the respective magni- 
tudes of the ranges of the regrade 
numerals. The ranges in some cases 
are so large that glasses of similar 
chromaticity were found having 
nominal grades differing by a whole 
unit. This overlapping by a whole 
unit (columns 4 and 5) occurred 
in 68 out of the 2,700 glasses. 

The average and maximum devi- 
ations from the mean regrade nu- 
merals, columns 7 and 8, are also 
given, for they contribute informa- 
tion about the magnitude of these 
variations among glasses of identi- 
cal grade. I t  may be noted from 
figure 1 that the range of v a r i a t i o n  
is somewhat less for the third group 
of glasses than for the first and sec- 
ond groups. F igure  2 shows the 
average deviation from the mean 
regrade numeral in N" units for 
each of the nominal grades from 
.10 to 20.0 listed in table 1. In  this 
figure group I refers to the first 
group of 1,000, group I I  to the sec- 
ond group of 1,000, and group I I I  
to the third group of 700. Nominal 
grades below 1.0 are shown on the 
enlarged inset. These average devi- 
ations for  groups I, II, and I I I  are 
seen to increase on the average with 
the increase of Lovibond numeral, 
N ;  above N = 5.0 they are on the 
whole greater  than the tolerances. 
However ,  it may be seen that the 
average deviations for group I I I  
are on the average smaller than 

1~ r e g r a d e  n u m e r a l s ,  N " ,  of  t h e s e  
g l a s s e s  w h e n  r e p o r t e d  u n d e r  t e s t ,  h a v e  
b e e n  g i v e n  to  0.01 u n i t .  T h i s  h a s  b e e n  
d o n e  in  o r d e r  t o  g i v e  t h e  m o s t  p r o b a b l e  
r e g r a d e  n u m e r a l  fo r  e a c h  g l a s s ,  b e c a u s e  
t h e  n u m e r a l s  a r e  a d d e d  w h e n  t h e  g I a s s e s  
a r e  u s e d .  H o w e v e r ,  t h i s  s h o u l d  n o t  be  
t a k e n  to  i m p l y  t h a t  t h e  o b s e r v a t i o n s  w e r e  
a c c u r a t e  to  0.01 u n i t .  T w o  g l a s s e s  h a v -  
i n g  g r a d e s  of 2.25 a n d  2.34 a r e  r e l a t i v e l y  
d i f f e r e n t  by  a b o u t  t h e  a m o u n t  i n d i c a t e d  
b u t  e a c h  i s  n o t  p r e s u m e d  to  be  a c c u r a t e  
to  0.01 u n i t .  T h e  r e g r a d e  n u m e r a l s  a r e  
c e r t i f i e d  to  be  c o r r e c t  w i t h i n  t h e  f o l l o w -  
i n g  t o l e r a n c e s  e s t a b l i s h e d  in  1928: 

R a n g e  o f  N o m i n a l  
T o l e r a n c e  G r a d e  
N "  = 0.1 .01 =<N _-<10.0 
N "  = .2 10.0 < N  _-<16.0 
N "  = .4 16.0 < N  _<-20.0 

2 8 3  
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Fiqure 2.--Trend of the averaqe  variation among g lasses  of identical nominal qrade 
for each of qroups I, II ,  and IIL 

The averaqe  deviations from the mean reqrade numeral in N'" units are s h o w n  for 
each of the nominal grades  from .10 to 20.0 listed in Table 1. 

those of either group I I  or group I. 
Thus in group I I I  individual glasses 
of the same nominal grade tend to 
have more nearly the same chrom- 
aticity. 

2. V a r i a t i o n s  I n  the  S ize  o f  the  
Intervals 

It  has previously been shown ~ 
that among the glasses in group I 
there are failures of additivity re- 
sulting from the two types of varia- 
tions, both erratic. One type, found 
in groups I I  and I I I  also, has just  
been described in the previous sec- 
t i o n - n a m e l y ,  the variations among 

~ B S  J .  R e s e a r c h  12, 269 (1934) RP653 .  

glasses of identical nominal grade. 
The second type will now be de- 
scr ibed--namely,  the variations in 
the size of the intervals between the 
average N" numerals for successive 
Lovibond tenth and unit glasses. 
This second type of erratic varia- 
tion may be seen in figure 3, which 
shows for each of the groups, I, I I ,  
and I I I ,  the position on the N" scale 
of each of the mean regrade nu- 
merals from N = .10 to N = 20.012. 
I f  each successive tenth interval 
from N = 0 to N = 1.0 and each 
successive unit interval from N = 0 
to N =-20.0  were of uniform size, 
there would be no failure of additiv- 

T A B L E  1 
Variat ion among glasses of identical nominal grade 

] D e v i a t i o n s  f r o m  M e a n  
N o m i n a l  N u m b e r  of . . . .  R e g r a d e  N u m e r a l s ,  N ' - - -  in  C o l u m n  3 
G r a d e ,  N G l a s s e s  M e a n  M i n i m u m  M a x i m u m  R a n g e  A v e r a g e  M a x i m u m  

1 2 3 4 5 6 7 8 
.10 135 0.18 0.11 0.25 0.14 0.02 0.07 
.20 124 .30 .22 .37 .15 �9 .08 
.30 114 .41 �9 .53 �9 .02 .12 
.40 111 .52 .45 .59 .14 .03 �9 
.50 128 .64 .55 .70 .15 .03 �9 

.60 101 .73 .60 .83 .17 .03 .10 

.70 92 .85 .76 .92 .16 .03 .09 

.80 97 .92 �9 1.00 .21 .03 .13 
.90 93 1.05 .94 1.15 .21 .04 .11 

1.0 129 1.21 1.08 1.33 .25 .04 .13 

2.0 144 2.31 2.02 2.51 .49 .07 .29 
2.5" 53 2.76 2.44 2.97 .53 .03 .32 
3.0 120 3.25 2.97 3.54 .57 .08 .29 
3.5 21 3.74 3.51 3.89 .38 .08 �9 
4�9 117 4.28 3.93 4.66 �9 .09 �9 

5.0 129 5.38 4.99 6.07 1.03 .13 .69 
6.0 116 6.41 5.93 6.98 1.05 .16 .57 
7.0 101 7.25 6.74 8.01 1.27 .17 .76 
7.0 65 7.82 7.46 8.52 1.00 .17 �9 
3.0 91 3.32 7.90 8.80 .90 .14 .48 

9.0 85 9.34 8.30 9.91 1.11 .20 .57 
10.0 94 10.34 9.77 11.07 1.30 .23 .73 
11.0 33 11.43 10.92 11.92 1.00 .23 �9 
12.0 45 12.26 11.53 13.07 1.54 .22 .81 
15.0 10 15.58 14.73 17.40 2.62 .40 1.82 

16.0 29 16.36 15.61 17.06 1.45 .38 .75 
20.0 59 20.37 19.51 22.87 3.36 .59 2.00 

2 8 4  
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ity due to this second type of erratic 
variation; However,  it is evident 
from the figure that in each of 
groups I, I I ,  and I I I  such erratic 
variations exist both among the 
tenth and among the unit intervals. 

F rom a comparison of the sizes 
of the tenth intervals for the three 
groups it may be noticed that the 
smallest spacing occurs between the 
same two nominal grades, namely, a 
spacing of about 0.07 between N = 
.70 and N = .80. Similar irregu- 
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Fiqure 3.--Erratic variations in the size 
of the intervals. 

Chanqes  in the mean reqrade numerals 
are indicated by  the s lopes  of the lines 
joininq them. 

larities may be seen among the 
nominal unit intervals by compar- 
ing for  the three groups the con- 
sistently small sizes of the intervals 
from 2.0 to 3.0, 6.0 to 7.0, and 11.0 
to 12.0 with the larger sizes of the 
intervals from 1.0 to 2.0, 7.0 to 8.0, 
and 10.0 to 11.0. 

This is further  illustrated in fig- 
ure 4, which shows for each of the 
three groups the deviations in N" 
units from the average interval of 
the respective group for both the 
nominal tenth and the nominal unit 
intervals. The erratic variation of 
these intervals in each of the three 
groups is apparent  from the ex- 
treme zigzag nature of the broken 
line connecting the points, which 
are plotted to represent both the 
magnitude and direction of the devi- 
ations from the average interval. I t  
is seen that all three groups tend 
to show the same irregularities. 

Attention should also be called in 
figure 3 to the lines connecting the 
mean regrade numerals for a par- 
ticular nominal grade. Changes in 
the mean regrade numerals are in- 

I~All n o m i n a l  g r a d e s  a r e  s h o w n  in  w h i c h  
t h e r e  w e r e  s u f I l e i e n t  g l a s s e s  to w a r r a n t  
t h e  t a k i n g  of a m e a n � 9  
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From the extreme z igzag  nature of the broken line connect ing the points for e a c h  
group, it is s e e n  that the intervals vary  erratically and that all groups tend to s h o w  the 
s a m e  irregularities. 

dicated by the slopes of the lines 
joining them. From inspection it is 
seen that there is little evidence of 
a consistent Change in one direction 
from group I, to II ,  to I I I ,  such 
as would suggest wear in our stand- 
ard glasses. 13 This lack of change 
in the standards is a!so apparent 
from the tendency among the tenth 
glasses (6 cases out of 10) for the 
mean regrade numerals in group I I  
to be higher on the N" scale than 
those in either groups I or I I I .  
Among the grades above unity there 
is also a similar tendency, although 
this is not apparent from the figure 
because of the less open scale. The 
reality of this tendency was tested 
by weighting the deviations of the 
mean regrade numerals from their 
respective nominal grades by the 
number of glasses and taking an av- 
erage. It was found that for the 
glasses up to and including N---- 
1.0, this average for group I I  is 
higher than that for groups I and 
I I I  by about 40 and 50 per cent, 
respectively, and that for the glasses 
above N = 1.0, group I I  is higher 
by about 10 and 50 per cent, respec- 
tively. Since there is no consistent 
progressive variation in mean re- 
grade numeral, these data fail to 
yield evidence of wear in our stand- 
ard glasses. 

In  summary, it may be said (1) 
that the results of the investigation 
on all 2,700 glasses confirm the ex- 

~ I t  m a y  be r e c a l l e d  t h a t  t he  c o l o r i n g  
m a t e r i a l  i n  t h e s e  g l a s s e s  is  c o n c e n t r a t e d  
in a v e r y  t h i n  l aye r .  

isteuce of the two previously found 
important erratic departures from 
additivity, namely, the variations 
among glasses of identical nominal 
grade (shown in figure 1 and table 
1) and the variations in the size of 
the nominal tenth and unit intervals 
(just shown in figures 3 and 4 ) ;  
(2) that some improvement among 
the more recent glasses has been 
found in the size of the variations 
among glasses of identical nominal 
grade (shown in figure 2) ; and (3) 
that no improvement has been found 
in uniformity of the tenth and unit 
intervals in either of groups I I  and 
I I I  over group I. 
III. REGULAR DEPARTURES 

FROM A D D I T I V I T Y  IN THE 
L O V I B O N D  SCALE 

It was demonstrated in the pre- 
vious publication on group I that 
there are two types of regular 14 de- 
partures from additivity in addition 
to the erratic departures just de- 
scribed. Linear equations in N" 
and N, obtained by least squares 
adjustment of constants, demon- 
strated these two types. 

One equation, which covers the 
entire range of scale from N = .10 
to N =--20.0, demonstrates the first 
type only-- that  due to the existence 
of an intercept. The equation is, 
for grou p I : 

N" = 1.02 N + 0 . 1 4  (1)I  
Even if there had been no erratic 
variations such as shown in figures 
1, 2, 3, and 4 the existence of the 

l iBS  J. R e s e a r c h  12, 281 (1934) RP653. 

intercept shows a failure of ad- 
ditivity. 

But because two straight-lines 
were found to describe the data bet- 
ter than one, two equations in N" 
and N were formed for the upper 
and lower sections of the scale re- 
spectively. The equation up to and 
including N----1.0 is, for group I, 

N" = 1.11 N -~ 0.06 (2)1 
The equation above N = 1.0 is, for 
this group, 

N" = 1.01 N ~- 0.20 (3)1 
The intercepts in both equations 
are again evidence of the existence 
of departures from additivity of the 
first type but the greater slope (1.11 
compared to 1.01) of equation 
(2)1, indicating a larger N unit for 
the lower section of the scale than 
for the upper, demonstrates the ex- 
istence of the second type of de- 
parture from additivity. 

To determine whether or not 
groups I I  and I I I  also exhibit these 
two types of regular departures 
from additivity, the method of least 
squares has again been applied. The 
equations for groups I I  and I I I  
which cover the entire range of scale 
from N----.10 to N----20.0 and 
which correspond to equation (1) 1 
are, respectively : 

N" = 1.03 N -]-0.14 ( 1 ) n  
N" = 1.04 N ~- 0.12 ( 1 ) n l  

The equations for the lower and 
upper sections of the scale for 
groups I I  and I I I  which correspond 
to equation (2)1 and (3)1, respec- 
tively, are given below. The equa- 
tions up to and including N = 1.0 
are : 

N" = 1.11N --l- 0.08 (2) I I  
N" = 1.12 N -1- 0.07 ( 2 ) n I  

The equations above N = 1.0 are:  
N" = 1.02 N -[- 0.21 ( 3 ) n  
N" ----- 1.03 N -I- 0.!4 (3)111 

It must be concluded, therefore, 
from these equations that both 
groups I I  and I I I  exhibit the two 
types of regular failure of additiv- 
ity reported for group I. In addi- 
tion, it may be noted that the con- 
stants found for groups I I  and I I I  
are of the same order of magnitude 
as those found for group I. 

However, a comparison of equa- 
tions (1)i ,  (1)II ,  and (1) I I I  shows 
an increase in slope of about one 
per cent between groups I and I I  
and between groups I I  and I I I ,  al- 
though for group I I I  the effect on 
N" of this increased slope for any 
given value of N is counteracted 
somewhat by the decrease in inter- 
cept from 0.14 to 0.12. This same 
regularity of change in slope is ap- 
parent for the upper section of the 
scale (N greater than 1.0, equations 
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(3)I ,  (3)I1, and ( 3 ) m ) ,  but 
not for the lower section (N less 
than or equal to 1.0, equations 
(2)I ,  (2)H, and ( 2 ) m ) .  

In  table 2 are shown the com- 
puted values of N" obtained by sub- 
stituting values of N listed in col- 
umn 1 in each o f  the foregoing 
equations for each of groups I, II ,  
and I I I .  The differences in the 
computed N" values for the lower 
section of the sca!e are so small that 
the statement may be made without 
qualification that the "tenths" sec- 
tion of the scale has remained con- 
stant from group to group. For  

ered. It  was shown that the changes 
were definitely not those of pro- 
gression in such a direction as could 
be accounted for by changes in our 
standards. The permanence of our 
standards is the subject of another 
investigation, in which a study of 
thirteen of our standard glasses 
ranging in N from .86 to 20.00 has 
so far been completed. Three and 
in most cases four independent 
spectrophotometric determinations 
of these glasses, taken over a ten- 
year period, show no evidence of 
any such consistent changes. It  is, 
therefore, concluded that there has 
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from N = - . 1 0  to N = 2 0 . 0 ,  the 
equation is : 

N" = 1.03 N -t- 0.14 (1) 
Up to and including N = 1.0, the 
equation is : 

N " =  1.11N @0.07 (2) 
Above N----- 1.0, the equation is: 

N" = 1.02 N -t- 0.20 (3) 
It happens that equation (1) and 
(1) i i  are the same to the second 
decimal and that equations (2) and 
(2)I I  and equations (3) and (3)I I  
are the same to within one in the 
second decimal. 

This larger nmnber of glasses is 

T A B L E  2 
V a l u e s  of  N "  d e r i v e d  f r o m  the indicated equations for specified values of N to show the magnitude of the changes in N "  that  

have  o c c u r r e d  a m o n g  g roups  I, lip and  I I I .  

F N "  
N E q u a t i o n  I E q u a t i o n  2 E q u a t i o n  3 

G r o u p  I G r o u p  I I  G r o u p  I I I  G r o u p  I G r o u p  I I  G r o u p  I I I  G r o u p  I G r o u p  I I  G r o u p  I I I  
1 2 3 4 5 6 7 8 9 10 

0.0  . . . . . . . . . . . . . . . . . . . . .  0 .14 0 .14  0 .12  0 .06  0 .08  0.07 . . . . . . . . . . . .  
.1  . . . . . . . . . . . . . . . . . . . . . .  24  .24 .22 .17 .19 .18 . . . . . . . . . . . .  
.5 . . . . . . . . . . . . . . . . . . . . . .  65 .66 .64 .62 .64 .63 . . . . . . . . . . . .  

1 .0  . . . . . . . . . . . . . . . . . . . . .  1 .16 1 .17  1.16 1.17 1 .19  1.19 . . . .  
2 .0  . . . . . . . . . . . . . . . . . . . . .  2 .18  2 .20  2.20 . . . . . . . . . . . .  "2'.22 "2". 25 2.20 
5 .0  . . . . . . . . . . . . . . . . . . . . .  5 .24 5 .29  5 .32  . . . . . . . . . . . .  5 .25  5 .31  5.29 
8.0 . . . . . . . . . . . . . . . . . . . . . .  8 .30  8 .38  8.44 . . . . . . . . . . . .  8 .28  8 .37  8 .38  

10 .0  . . . . . . . . . . . . . . . . . . . . .  10.34  10 .44  10.52 . . . . . . . . . . . .  10.30  10 .41  10 .44  
13 .0  . . . . . . . . . . . . . . . . . . . . .  13 .40  13 .53  13 .64  . . . . . . . . . . . .  13.33 13 .47  13 .53  
1 6 .0  . . . . . . . . . . . . . . . . . . . . .  1.6.46 16 .62  16 .76  . . . . . . . . . . . .  16 .36  16 .53  16 .62  
20 .0  . . . . . . . . . . . . . . . . . . . . .  20 .54 20 .74  20 .92  . . . . . . . . . . . .  20.40  20 .61  20 .74  

N = 8 . 0  and above, however, the 
differences are not snlall enough to 
be considered negligible; they are 
of the order of magnitude of our 
tolerances. 

The uncertainties la in the con- 
stants for two of these equations, 
namely : 

N" = 1.02 N -t- 0.14 (1)I  
and N ' =  1 .04N- t -  0.12 (1) i l l  

have been computed and were found 
for (1) i  to be 0.002 and 0.013, re- 
spectively, and for ( 1 )III  t o  be 0.003 
and 0.016, respectively. The uncer- 
tainties in the constants are, there- 
fore, not large enough to account 
for the total anlount of the differ- 
ences between the colunms in the 
preceding table. On the other hand 
these differences in the constants are 
small. I f  they are to be considered 
as real, they might be accounted for 
either by a decrease in the size of 
the N" unit because of erosion of 
our standards in use, or by an in- 
crease in the size of the N unit. 
Each of these interpretations will 
be considered briefly. 

Possible erosion of the standards 
has already been mentioned in the 
previous section, where changes in 
the mean regrade numerals from 
group to group have been consm- 

' n I - I u g e  e r r o r ,  e q u a l  t o  4.9 t i m e s  t h e  
p r o b a b l e  e r r o r ,  M .  M e r r i m a n ,  M e t h o d  o f  
L e a s t  S q u a r e s ,  J o h n  W i l e y  & S o n s ,  I n c . ,  
1911.  
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been no change in the size of the 
N" unit caused by change in the 
standard glasses. 

The possibility that these small 
differences in the constants could be 
due to an increase in the size of 
the N unit also brings in the ele- 
ment of time. I f  it were known 
that all the glasses in group I I I  
had been graded and sent out by the 
Lovibond establishnlent since the 
glasses in group II ,  and those of 
group I I  in turn since those of 
group I, the conclusion naight justi- 
fiably be drawn that this increase in 
slope is indicative of an increase 
in the size of the N unit. There is 
a chance, of course, that many of 
the glasses of group I I I  have been 
graded more recently by the mak- 
ers than the glasses of group II ,  
and group I I  than group I, but since 
there is no definite information to 
this effect, such an interpretation 
of the data, while possible, cannot 
be considered as certainly demon- 
strated. 

Since groups I I  and I I I  have in- 
dependently confirmed the existence 
of two types of regular departures 
from additivity which are closely 
the same in magnitude as that found 
for group I, it is of interest to de- 
rive similar linear equations by least 
squares reduction of the data for 
the larger group of 2,700 glasses. 
For the entire range of the scale 

a nauch more representative group 
from which to draw conclusions 
than was the first 1,000 glasses. 
Group I may have been considered 
to be not an especially representa- 
tive group in view of the fact that 
1,000 is a very small number com- 
pared to the naany thousands of red 
glasses which have been supplied to 
this country. However, it is now 
found that two other groups ot 
1,000 and 700 glasses each, regraded 
over a period of about six years, 
confirm the two types of regular de- 
partures from additivity reported 
for the first group of 1,000 glasses. 
They not  only confirna the existence 
of the slope and intercept in the 
equation previously reported but 
also confirm the magnitudes of each. 
Small significant differences between 
the groups have been found which 
might possibly indicate changes in 
the standards or naethods of grad- 
ing of the Lovibond establishment, 
but which perhaps indicate factors 
of obscure origin tending to make 
slightly non-representative the sam- 
pling afforded by each of the three 
groups of glasses. 

IV. SUMMARY 
The present paper gives the re- 

sults of the investigation of the 
uniformity of the nominal grades, 
N, of 2,700 Lovibond red glasses in 
terms of the standard Priest-Gibson 
N" scale. The glasses have been 
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examined in three groups of 1,000, 
1,000, and 700, and the results ob- 
tained from a statistical analysis of 
each of the three groups are com- 
pared. The important differences in 
chromaticity existing among glasses 
of identical nominal grade are il- 
lustrated and it is found that there 
is a slight improvement among the 
glasses of the third group. The de- 
gree to which the Lovibond scale, 
as embodied in these 2,700 red 
glasses combined with 35Y, fails to 
be additive is shown. The second 
and third groups confirm not only 
the existence but also the magnitude 
of the departures from additivity 
found in the first group. Both reg- 

ular and erratic departures are de- 
scribed. 

It is demonstrated that the same 
two types of regular departures 
from additivity exist in each of the 
three groups. This is shown by  
means of linear equations which ex- 
press the relation between the N" 
and N scales. Certain small dif- 
ferences from group to group in the 
slopes of the equations defining the 
glasses above N ~  1.0 appear sig- 
nificant in that they are greater than 
the uncertainties involved in their 
determination, but no adequate ex- 
planation of these differences is ap- 
parent. 
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Of even greater importance than 
the regular departures from additiv- 
ity in the N scale are the erratic 
departures, of which there are also 
two types. It is shown that im- 
portant discrepancies could still oc- 
cur in grading oil both because of 
the variations among glasses of 
identical nominal grade and because 
of the variations in size of the av- 
erage intervals between successive 
Lovibond tenth and unit glasses. 
Furthermore, these intervals show 
the same irregularities throughout 
all three of the groups. It may be 
concluded, therefore, that the need 
for uniformly graded red glasses 
still exists in the vegetable oil trade. 
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Abstract 
T h e  a p p a r a t u s  c o n s i s t s  of  a p i p e t t e -  

l ike  g l a s s  t u b e  ( s o l v e n t  d i s t r i b u t o r )  i n t o  
t h e  s i d e - w a l l  a n d  i n s i d e  of w h i c h  is s ea l ed  
a s o m e w h a t  s m a l l e r  t u b e  for  c a r r y i n g  
s o l v e n t  v a p o r .  T h i s  d e v i c e  i s  s u p p o r t e d  
i n  a t e s t  tube ,  t he  s i d e a r m  of w h i c h  i s  
c o n n e c t e d  to  a d i s t i l l a t i o n  f l a sk  c o n t a i n -  
i n g  the solvent .  The  s o l v e n t  d i s t i l l s  f r o m  
the  f l a s k  t h r o u g h  t h e  tube ,  is  condensed 
i n  a condense r ,  r u n s  d o w n  t h e  in s ide  
w a l l s  of t he  d i s t r i b u t o r  a n d  a c c u m u l a t e s  
i n  t h e  t e s t  t u b e  u n t i l  i t s  level  reaches  t h e  
s i d e a r m ,  w h e r e  a p o r t i o n  ove r f l ows  b a c k  
i n t o  t h e  s o l v e n t  r e s e r v o i r .  

D a t a  a r e  g i v e n  c o m p a r i n g  r e s u l t s  ob-  
t a i n e d  b y  off icial  m e t h o d s  w i t h  t h o s e  ob-  
t a i n e d  u s i n g  t h e  a p p a r a t u s  desc r ibed .  

T HE present official method for 
the determination of unsapon- 
ifiable matter, as described in 

the methods of the Fat Analysis 
Committee of the American Chem- 
ical Society and the American Oil 
Chemists' Society, 1 has been in use 
for many years and has yie!ded very 
satisfactory results. 

The official method consists brief- 
ly, of (1) saponification of a small 
sample of the fat with an alcoholic 
potassium hydroxide solution, (2) 
quantitative transfer of the resulting 
solution to an extraction cylinder 
and dilution with alcohol and water 
to a specified concentration, and 
(3) subsequent extraction with 
seven successive portions of petro- 
leum ether (AOCS).  The indivi- 
dual extracts are separated from 

* P r e s e n t e d  a t  t h e  T w e l f t h  ~ 'al l  M e e t i n g  
of  the  A m e r i c a n  Oil  C h e m i s t s '  Soc ie ty ,  
Ch icago ,  Oc tobe r  6-7, 1938. 

the soap solution by means of a 
glass syphon, and the unsaponifiable 
matter recovered by evaporation of 
the solvent. 

This method is, obviously, some- 
what long and tedious. Many an- 
alysts have been disturbed by the 
large number of extractions and 
the length o f  time and close atten- 
tion required, i t  being necessary to 
shake the seven extractions vigor- 
ously and long to be certain that the 
extraction of the unsaponifiable mat- 
ter is complete. 

The apparatus described in this 
paper was developed with the 
thought of reducing the time re- 
quired for this determination as 
much as possible and at the same 
time improving the extraction effi- 
ciency and general manipulative ease 
of the method. The extraction unit 
is identical in principle with that 
described by I. E. Knapp 2, who pro- 
posed his apparatus for use in the 
ethyl ether extraction of unsapon- 
ifiable matter from rosin. It differs 
only in the manner in which the 
solvent vapor is carried to the con- 
denser and in the manner of de- 
livery of the extracting solvent to 
the bottom of the extraction tube. 
Since the completion of this work 
Ashley and Murray 3 have also pro= 
posed a similar apparatus for the 
removal of ferric chloride from 
solution. 

F IGURE I 

A p p a r a t u s :  
Figure I illustrates the principle 

of the unit. The solvent vapor is 
carried from the 100 ml. flask 
through the side arm of the extrac- 
tion tube and the glass tube (C), 
sealed into the solvent distributor 
(B), to the condenser. The con- 
densed solvent runs down the inside 
wall of (B) and accumulates in (B) 
until the pressure head of the liquid 
solvent is sufficient to force the 
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