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ABSTRACT

On the basis of data published
by McNicholas, it is shown that
there is no -significant correlation
between the lightness or darkness
of -an oil and the Lovibond grade
assigned to the oil by the practical
color grader. The Lovibond color
grade of a vegetable oil may there-
fore be computed from its spectral
transmittance by colorimetric meth-
ods without taking into account the
luminous transmittance of the oil.
This method of grading might serve
to settle disputes among the oil
chemists as to the correct Lovi-
bond grade of an oil,

I. INTRODUCTION
In 1935 McNicholas published a
paper,® giving the spectral trans-
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mittances of 125 vegetable oils, 111
of which were from the cotton seed,
together with the spectral transmit-
tances of the wvarious Lovibond
glass combinations used in the com-
mercial color grading of such oils,
and illustrating the colorimetric val-
ues assigned to both the oils and
the glasses on the basis of the
O.S.A. observer and co-ordinate
system.? He furthermore showed
that some oils are much lighter, and
some much darker, than Lovibond
glass combinations of the same
chromaticity, and that even if of
the same lightness, or even if pho-
tometric means be employed to
eliminate the brightness difference
between the oil and the glasses in
the colorimeter, there still remains
in most cases a distinct chromatic-
ity difference which no adjustment
of Lovibond red will eliminate.
However, by graphical methods,
based on work by Judd,* McNicho-
las was able to determine the Lovi-
bond red numeral which in combi-
nation with the 35-yellow would
give the closest chromaticity match

for any given oil. He was there-
upon enabled to compare the Lovi-
bond grades of the oils thus deter-
mined from spectrophotometric data
with the respective grades previ-
ously assigned to the oils by the
donors according to the usual meth-
ods.

This paper by McNicholas is
without question of fundamental
importance in any future study of
colorimetric methods of oil grad-
ing.  Furthermore, the graphical
method of deriving the Lovibond
grade of an oil from spectrophoto-
metric data may prove acceptable
for use by a standardizing labora-
tory such as the National Bureau
of Standards, in those cases where
there is dispute among the chem-
ists as to the Lovibond grade of an
oil.

The question of the bureau’s thus
computing the N” grade of an oil
from its measured spectral trans-
mittance, and in this way serving as
arbiter if this were desired by the
oil chemists, was raised by Mr. L.
M. Gill, Chairman of the A.O.C.S.

*Publication approved by the Director of the National Bureau of Standards of the U. 8. Department of Commerce.
**Chief, Colorimetry Section, National Bureau of Standards.
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color glass development committee,
of which the author is a member.
The answer depends on the satis-
factory solution of certain other
problems connected therewith, The
present paper is an attempt to solve
one of these problems on the basis
of some of the data obtained by
MecNicholas.

II. COLOR GRADING OF
VEGETABLE OILS ON
THE N” SCALE
The universal practice among
American oil chemists is to grade
the color of a 5% inch thickness
of oil in terms of Lovibond red and
yellow glasses.* In the grading of
cottonseed oils the combination
mostly used is 35-yellow and vari-
able red. Unfortunately, as illus-
trated in previous bureau publica-
tions,® the consistency of the nu-
merals on the red glasses was not
satisfactory to the oil chemists and
they requested the bureau to un-
dertake the re-calibration of such
glasses. This was accordingly done,
the bureau first establishing by
measurements on its own set of
glasses a consistent additive scale
known as the Priest-Gibson or N”
scale® and then regrading submitted
glasses on this scale by direct com-
parison with its own standardized
glasses. Whenever reference is
made in this paper to the N” scale,
it should be remembered that this
is a scale of Lovibond red glasses
in combination with 35-yellow, the
N” numerals being those assigned
the red glasses on this adjusted bu-
reau scale. The original Lovibond
numerals, engraved on the red
glasses by the makers, are referred

to as'the N numerals.

lishment of the N” scale at the
bureau, the values of luminous
transmission, which determine the
lightness of the glass or combina-
tion of glasses, were disregarded,
because assurance was given that
the color-grade of an oil was de-
termined on the basis only of its
redness or greenness—that is, on
the amount of Lovibond red, with
35-yellow, necessary to match the
oil—and not on the basis of its
lightness or darkness. A light and
dark oil of the same redness would
on this basis be given the same
Lovibond grade.

If, in case of dispute among
themselves, the oil chemists are sat-
isfied to accept results on the basis
of the graphical method used by
McNicholas, designated hereinafter
as the spectrophotometric method,
in which the colorimetric results
are derived by spectrophotometric
measurements followed by colori-
metric computations and in which
the lightness or darkness of the oil
is not taken into account, the
method may be said to be already
available.  When, however, the
question was raised by Mr. Gill, it
was felt that if possible some test
should be made to see whether or
not the values of N” derived
by the spectrophotometric method
should be weighted by some factor
which would take into account the
luminous transmittance of the oils.
The test described in the following
section was accordingly made.

III. EFFECT OF LIGHTNESS
OF AN OIL ON ITS
COLOR GRADE
To assist in a better understand-
ing of the present results, two of
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paper are reproduced here, with
slight additions. Fig. 1 is a repro-
duction of the upper part of Fig. 8
of that paper, the continuous line
being extrapolated to N” = 260.
In this figure T, is the sunlight
transmittance of 514 inches of the
oil, 0.892 T, is the sunlight trans-
mission of a 514 inch cell filled with
the oil, and —log,, 0.892 T, ex-
presses the transmission values on
a scale such that equal vertical dis-
tances on any part of the scale
are approximately proportional to
equally discriminable differences
when the oils are viewed in a colori-
meter. The small solid circles and
continuous line (dashed from 21.0
to 26.0) represent the sunlight
transmissions of combinations of
Lovibond glasses as noted. The
continuous line, plotted through the
points for three glasses (one 35-
yellow with either two red glasses
or one red and one clear glass)
probably best represents the aver-
age lightness of the Lovibond glass
combinations with which the oils
are compared. Oils represented by
points above this curve are lighter
in color than the glasses, those be-
low this curve are darker. The
values of N” for the oils plotted
in this figure are as given in column
8 of Table 1 of the paper by Mc-
Nicholas.

Figure 2 is a reproduction of
Fig. 9 of this previous paper, the
dashed line being added for the
present publication. In this figure
the values of N obtained by the
donors are plotted against the val-
ues of N” obtained by MeNicholas
by the spectrophotometric method.
The dashed line is an attempt to
make the comparison slightly more

In the development and estab- the illustrations from McNicholas’s  exact. Since the donors used un-
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Fig. 1—This figure is the same as Fig. 8 (top) of the paper by McNi cholas (Oil and Soap, 12, 167; 1935), except for the extrapolation of
the curve beyond N” = 21. Deviations from the curve indicate that an oil is lighter (if above) or darker (if below) than the Lovibond

glasses of the saume N” grade.
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Fig. 2—This figqure i the same as Fig. 9 of McNicholas's paper, except for the addition o!

the dashed line and equation. This illustrates that on the average the N de assig

an oil by the practical grader is the same aa that obtained by the specu'ophotomelric

method, but gives no indication as to whether the deviations may be correlated with
excessively high or low transmittances of the oils.

consider is whether there is any
significant correlation between the
deviations of the points from the
curves in Figs. 1 and 2; that is,
whether the various horizontal de-
viations of the points from the
dashed line of Fig. 2 may be cor-
related with the vertical deviations
of the points from the curve in
Fig. 1. This may be tested by
plotting values of (—log,, 0.892
Ts)actu&l - (‘—logm 0892 T )cnrve
agamst values of N"gper —
N7 spectrophotometers For this pur-
pose only those values were used
for which a 35-yellow glass was
used, since, as already explained,
the N” scale is defined in terms of
a 35-yellow glass. Eighty-seven
out of the 125 samples used by
McNicholas met this condition and
were available for the test.

The individual values were ob-
tained as follows: Values of
N”spectrophotometer were taken from
column 8 of Table 1 of McNicho-
las’s paper, values of N”gonor were
obtained from the wvalues of R
(identical with N) in column 7 of
that table by means of the relation
N” = 102 N + 0.14, values of
(—log,; 0.892 Ty)actum were de-
rived from column 3 of the same

calibrated glasses bearing values of 1 - T

” v
N (the N” scale not having yet (DONOR'S GRADE TOO LOW) (DONOR'S GRADE TOO HIGH)

béen developed) one would not ex-
pect a perfect average agreement +3
with values computed on the N”
basis. Walker? has shown that on
the average the relation between the
values of N and N” is as follows:
N” = 102 N + 0.14.
Of course the ideal method of cor-
recting the data would be to cor-

)curve
+
N
T
{LIGHT)

¥
l

rect the plotted points by using the
N” values for each of the donor’s
glasses. This would probably elimi-
nate some of the larger discrepan-
cies, in addition to effecting a bet-
ter average agreement. Since this
is impossible, the donors’ grades
having been assigned over 20 years
ago, one might replot the graph,
converting each value of N to N”
by means of the above eguation.
An equivalent method, however, is
to change the reference line from
the continuous one with slope unity
and intercept zero to the dashed line -5
representing the above equation. ’
This has therefore been done, and

s12.8, .

240

— (~logp08927Ts

actual
(DARK)

(~log,o 0892 Ts)

€205

® 1.3

©20.4

except for the few points of very | L 1

low value it may be seen that this -5 -4 =3 -2 -1

dashed line represents the points

"
somewhat better than does the con- N'donor

0O +1 +2 +3 +4
"
N spectrophotometer

tinuous line. This confirms the Fig. 3—Showing lack of correlation between (1) the lighiness or darkness of an oil, and

average relation between N and N”

(2) the deviation of the domor's grade from the grade obtained by McNicholas from
spoctrophotometric analysis and colorimetric computations. The numbers refer to the N”

found by Walker. ) values of the red glasses fo which the particular poinis refer, these being given as «
The important question now to matter of inierest for those points showing the greatest deviations.
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table?, and values of (—log,, 0.852
Ts) curve Were read from the original
large scale plot of Fig. 1.

The results are shown in Fig. 3.
To assist in a ready understanding
of this figure it may be noted that
if the points plot above the hori-
zontal line the oils are lighter than
are the Lovibond 3-glass combina-
tions having the same chromaticity ;
if below the line the oils are darker
than the glasses. If the points are
to the right of the vertical line the
donor graded the oil too red, that is,
he assigned a Lovibond red nu-
meral higher than was obtained by
the spectrophotometric method; if
the points are to the left of this
vertical line, he assigned too small
a Lovibond red numeral to the oil.

If there were correlation between
the two sets of differences the
points should be  distributed in
either pair of diagonal quadrants,
1f, because an oil is light, the do-
nor assigned it a Lovibond numeral
that was too low, and correspond-
ingly if he assigned too high a nu-
meral because the oil was dark, then
the points should be grouped in the
upper left and lower right quad-
rants. If the converse were true,
the points should be grouped in the
other two quadrants., From the
graph it is obvious that no such
groupings exist, and it may be con-
cluded at once without computing
the coefficient of correlation that

no significant correlation is to be
found.

IV. CONCLUSIONS

It may therefore be concluded
that the oil chemists have been jus-
tified in stating that the lightness or
darkness of an oil is disregarded in
giving the oil a Lovibond grade.
However, this conclusion must be
qualified in two respects: (1) It
is based on data obtained about 20
years ago. It is possible, though
hardly probable, that changes of
personnel, instrument or technique
would so affect the readings that a
significant correlation might be ob-
tained at the present time. (2) The
lack of correlation shown is an av-
erage effect. It is not impossible
that a single observer or laboratory
would show a correlation of the
type considered here.

However, the data presented in
Fig. 3 would probably justify the
oil chemists, in those cases where
disputes arise, in accepting values
of N” obtained by the spectropho-
tometric method with no weight be-
ing given to the luminous transmit-
tance of the oil. Many details
would of course have to be consid-
ered before any such procedure
could be put into effect. In par-
ticular. the method would have to
be enlarged to include evaluation of
the oils in terms of Lovibond red
and other than 35-yellow. Data

0oil & soap

are on file in the bureau by means
of which such evaluation could be
made if at any time it is seriously
proposed to adopt this method of
settling disputes.
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NOTES ON THE DETERMINATION OF
THE ALKALINITY OF SOAD SOLUTIONS

By WALTER C. PRESTON

The PROCTER & GAMBLE COMPANY, IVORYDALE, OHIO

LL who have attempted to
study the alkalinity of soap

solutions know that there are
inherent difficulties in the pro-
cedure, and that while it is easy
to get a reading to 0.1 pH unit, it
is quite another thing to be sure
that the reading tells the true story.
Independent workers, both honest
and capable, are more than likely
to get divergent results when deal-
ing with commercial soaps unless
they use identical methods and ap-
paratus in making their determi-
nations, and there is wide differ-
ence of opinion as to what the best
methods and the best apparatus are.
Such solutions belong in the al-
kaline range, the range which is
most difficult to study experimen-

tally. They are sensitive to the
action of CO, They are some-
times colored, usually more or less
turbid, and frequently heteroge-
neous. Various mixtures of alka-
line salts or ‘“builders” are fre-
quently present, while the soap it-
self is a mixture of the salts of
various fatty acids, some saturat-
ed, some unsaturated, ranging from
10 to 18 or more carbon atoms,
The equilibrium between mneutral
soap colloid, ionic micelle, and true
crystalloid is slow of attainment;
it is the same for no two of these
soaps, and of course differs with
change in temperature, dilution, etc.
For these and other reasons, no
current method of determining the
hydroxyl ion concentration of these

solutions can be considered truly
satisfactory. Even the best of
them have certain limitations that
should be recognized. Whatever
method is chosen, it is important
that the difficulties to be met with,
the uncertainties involved, the
sources of error, and the probable
accuracy of the final result be the
subjects of careful consideration.

The Colorimetric Method

The colorimetric method is the
oldest, the most widespread in use,
and on its face apparently the eas-
iest and quickest way in which to
determine alkalinity. It does not
necessarily follow, however, that it
is the best, nor for that matter that
in the long run it is the guickest or
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