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content and decrease in percentage germination (4) 
on storage, the moisture content of cottonseed reserved 
for seeding purposes should be considered also and be 
low enough to insure good preservation. 

Summary 
The relationship of the free f a t t y  acid content in 

the oil to the percentage germination for 254 samples 
of cottonseed of different varieties indicates that  the 
free f a t ty  acid content may be used as a practical  
screening index for  use in selecting lots of cottonseed 
to be reserved for seeding purposes and subsequent 
testing for  germination. The percentage germination 
decreases in general with increasing free fa t ty  acid 
content. The mathematical probabil i ty that  a given 
lot of seed will exceed a specified minimum germi- 
nation value decreases markedly as the free fa t ty  acid 

content of the oil increases. Insofar as practical, i t  
is suggested that  cottonseed reserved for  seeding have 
a low free fa t ty  acid content, less than 0.75% in the 
oil if at all possible. 
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A Calorimetric ,Method for Water-Soluble 
Silicates in Detergents' 
WILLIAM J. MILLER, The Procter and Gamble Company, Ivorydale, Ohio 

T HI S  method grew out of the need for a rapid, 
fair ly accurate control method to make occasional 
determinations for silica on the crutcher  mix and 

the finished soap products.  The method worked so 
well that it was expanded to cover the analysis of all 
types of detergents, even those highly built  with phos- 
phates. I f  the assumption may be made that water- 
soluble silica is the same as the total silica, the method 
is just  as accurate as the dehydrat ion method. When 
an appreciable amount  of water-insoluble silicate is 
present, the method may be modified to include a 
determination of this material. When only a roughly 
accurate control is required, the amount of silica that  
is water-insoluble may generally be ignored. 

Discussion 
The method is based on the development of the 

yellow silico-molybdie acid complex. Although some 
workers (4) have suggested that  the reduction to the 
blue complex affords bet ter  detection of smaller quan- 
tities of Si02 (in the range of a few p.p.m.), i t  was 
felt  that the range of concentrations to be encoun- 
tered as applied to detergents did not warrant  the 
use of this modification. Moreover the interference of 
phosphorus is greater  and more difficult to eliminate 
when the blue color is developed. 

Citric acid was found to be an excellent bleach for 
the yellow phospho-molybdie acid color, having no 
effect on the color produced by  silica. Knudson (3) 
first precipitates the phosphates with calcium chlo- 
ride bu t  shows that  the p i t  at  this point is quite 
critical and requires a buffer to keep the pH of the 
solution at 10.0 before precipitation. 

F igure  I is a curve showing the development of 
the color f rom silica alone while Figure  2 shows the 
additional effect of phosphorus followed by  the addi- 
tion of citric acid. I t  was found that  the amount  of 
citric acid prescribed by  the method would completely 
eliminate the effect of 25 times as much P205 as Si02. 
Table I indicates that  the proposed method is as good 

1 Presented at the fal[ meeting, American Oil Chemists' Society, Oct. 
31-Nov. 2, 1949, Chicago, nl .  

as the dehydrat ion method and a series of duplicate 
analyses show the s tandard deviation to be • 0.05% 
for samples containing 1.5 - -  5% Si02 and __+ 0.01% 
for samples containing up to 1.5%. 

Apparatus 
1. K l e t t - S u m m e r s o n  colorimeter,. 
2. No. 42 K l e t t - S u m m e r s o n  filter. 
3. 2 x 4 cm. abso rp t ion  cells. 
4. Bure t tes ,  p ipet tes ,  volumetr ic  flasks, etc. 

Reagents 
1. Neut ra l ,  95% 3A or No. 30 alcohol. 
2. A m m o n i u m  mo lybda t e  solut ion.  

10% (NH~)~Mo,O.~'I-I.,O in water .  
3. Citric acid solut ion.  10% C~HsO, 'H20 in  water .  Small  

quan t i t i e s  should  be p repa red  so t ha t  the  solut ion be ing  
used is no t  more  t h a n  a week old. W h a t  l i t t le  mold  
fo rms  wi th in  th is  t ime  should  be filtered off before  the  
r eagen t  is used.  

4. Su l fu r i c  acid. 1 : 4  in  water .  
5. S t a n d a r d  sil ica solut ion (1 ml. ~ 0.0002 gin. SiO2). 

Fuse  0.2000 gin. of pure  SiO2 in 2 gins. of  Na2CO3 - -  
K~CO3 fu s ion  m i x t u r e  for  abou t  15 minu tes .  Cool an d  
dissolve in w a r m  water ,  u s i n g  a p l a t i n u m  d ish  for  a 
conta iner .  Cool the  so lu t ion  and  t r a n s f e r  to a 1,000-ml. 
volumetr ic  flask. Make  to volume wi thou t  de lay  an d  
store in a wax  l ined or ha rd  rubber  bott le .  
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Preparation of Calibration Curve 
Add, f rom a microburet te ,  to 100-ml. volumetric 

flasks, amounts of the s tandard  silicate solution to 
cover a range from zero to 1.0 mil l igram of Si02. 
Add enough water to each flask to make the total 
volume about 50 ml. and, from pipettes or burettes, 
add 1.0 ml. of 1 : 4  H2SO 4 and 5.0 ml. of 10% molyb- 
date solution. 

Al low the color to develop for 2 to 3 minutes  and 
add 5 ml. of 10% citric acid solution (note 1) ; make 
to volume with water and measure through a 20:mm. 

T A B L E  I 

Typical  Analyses 

Sample  

Synthet ic  "A" .  ............................. 
Synthet ic  " B " .  ............................. 
B a r  Soap "A" .  ............................. 
B a r  Soap " B " .  ............................ 
B a r  Soap "C" .  ............................. 
B a r  Soap " n " .  ............................ 
F lake  Soap "A" .  .......................... 
Ylako Soap " B " .  .......................... 
Soap Powder  "A" .  ....................... 
Soal~ Powder  " B " .  ...................... 

Total  
Si02 by 
Dehy- 

dra t ion  

5.02% 
4.95 
0.152 
0.160 
0.148 
0.157 
1.44 
1.44 
4.22 
3.02 

Water-  
Insoluble  
Mater ia l  

2.45 

Wate r  
Solubh 
SiO2 b: 
Dehy- 

drat iol  

3.65 
2.53 
0.150 
0.158 
0.150 
0.158 
1.43 
1.44 
4.22 
3.01 

Water-  
Soluble 
SiO2 by 

Proposed  
Method 

3.65 
2.55 
0.151 
0.159 
0.148 
0.158 
1.45 
1.44 
4.22 
3.01 

absorpt ion cell in a Kle t t -Summerson colorimeter at 
420 m/~. The ins t rument  should be balanced against  
a similar solution of reagents containing no silica at 
zero. A large number  of s tandards  should not be 
handled at one time since the absorpt ion must  be 
measured within 10 minutes af ter  addit ion of the 
citric acid. Plot colorimeter reading against  milli- 
grams of S i Q  and calculate the slope of the curve 
for  making measurements  of unknowns, or use the 
curve direct ly (see Calculations).  

Preparation of the Sample 
Built Synthetics. Transfer  5 • .001 gm. of sample 

into a 400-ml. beaker  and add about  200 ml. of f reshly 
boiled, hot, neutra l  95% alcohol. Cover with a watch- 
glass and  heat  on a steam ba th  for  10 minutes  with 
occasional vigorous stirring. Fi l te r  through a Gooch 
crucible 2 and wash with 200 ml. of the hot alcohol. 
Discard the alcoholic filtrate and rinse out the suc- 
tion flask with water.  Replace as before and to the 
residue in crucible rap id ly  add boiling water. Wash 
the water-insoluble mater ia l  with boiling water  unt i l  
75 to 100 ml. have been added. Trans fe r  the filtrate 
to a 500-ml. volumetric flask, cool to room tempera-  
ture, and make to volume. Transfer  a 50-ml. aliquot 
to a second 500-ml. volumetric flask, make to volume, 
and use 10-ml. aliquot for  the colorimetric determi- 
nation. Other dilutions are permissible, bu t  the final 
aliquot should be between 5 and 50 mi. and represent  
between 0.1 and 1.0 rag. Si02. Igni te  the crucible 2 
and contents if total  S.i02 is desired. 

Bar Soap, Flakes, and Powders. The same pro- 
cedure is followed as for  synthetics except that  the 
sample should be dissolved in alcohol on a steam 
bath. I t  is well to slice ba r  samples into thin pieces. 
Fil ter,  while hot, through W h a t m a n  No. 41 pape r  
and wash with hot alcohol. The alcohol insoluble 

Total  silica may be assumed to be the sum of the  igni ted  water-  
insoluble  por t ion  and  the water-soluble Si02. I f  th i s  f igure is desired, 
the Gooch crucible m u s t  of course be igni ted  and weighed before fil- 
t ra t ion.  The p rec ip i t a te  may be ign i ted  directly, if  speed is impor tan t ,  
w i thou t  p r e l im ina ry  oven drying.  
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residue is washed through the paper with hot water 
into a 250-ml. volumetric  flask. Five- to 50-ml. ali- 
quots representing 0.1 to 1.0 mg. SiO 2 should be used 
for the colorimetric test. The water-insoluble residue 
in the paper  may  be determined by  ashing if a total  
S i Q  figure is desired. 

Determinat ion 
Transfer a suitable sized aliquot (see Preparation 

of t h e  Sample)  to a 100-ml. volumetric  flask. Add 
enough water to make the total volume, about  50 
ml. From pipet tes  or burettes, add 1.0 ml. of  1 : 4  
H2S04 and 5 ml. 10% ammonium molybdate solution, 
in that order. Mix and allow the color to develop for 
2 minutes.  Add 5 ml. of 10% citric acid (note 1) 
from a pipette and make to volume with water. Mix 
well  and measure the absorption in a Klett -Summer-  
son colorimeter in a 20-mm. cell at a wave length 
of 420 m/~. Not  more than 5 minutes  should elapse 
between the time the citric acid is added and the 
absorption measured. The instrument should be bal- 
anced against a blank at zero on a solution contain- 
ing only water , ~I2S04, molybdate,  and citric acid as 
in the preparation of the calibration curve. 

Calculations 
Figure  3 shows the type of calibration curve that 

should be obtained and will  be used to il lustrate the 
fol lowing examples : 

CALIBRATION CURVE 

CONCENTRATION OF SiO2vs. COLORIMETER READING AT 4 2 0  rn~ 

K L E T T - S U M M E R S O N  COLOR METER;  2 0 r n m  CELL / ~ / ~  

o,4 

CDLORIMETER READING 

Fro. 3. 
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1. Mg. of SiO2 f rom calibration curve X 0.1 - -  gin. 
of sample in final aliquot ---- % Si02. 

Example  : 
Aliquot contains 0.01 gm. sample 
Colorimeter reading = 76 
Mgs. Si02 f rom calibration curve - -  0.435 
(0.435 X 0.1) - -  0.01 ~ 4.35% Si02. 

2. Slope of curve X colorimeter reading X 0.1 - -  
gm. of sample in final aliquot ~-- % Si02. 

Example  : 
Slope of curve = 57.25 X 10 -4 
Aliquot contains 0.01 gm. of sample 
Colorimeter reading = 76 
0.005725 X 76 X 0 . 1 -  0.01 = 4.35% SiO., 

Notes 
1. This method may  of course be applied to sam- 

ples containing no phosphate.  In  such a case the 
citric acid bleach may  be eliminated f rom the pro- 
cedure. I f  this is done, the calibration curve should 
be p repared  without  the citric acid. However,  if  a 
labora tory  plans to use the method for  various prod- 
ucts, some of which may  be bui l t  with phosphates, 
it is s impler to prepare  a single calibration curve 
using citric acid and then use the citric acid proce- 
dure for  all samples. 

2. The recommended use of this method is with a 
photoelectric colorimeter. However  as a selni-quan- 
t i tat ive test  to cheek the limits on a product ,  the 
siiieo-molybdate color may  be compared visually with 
two ampules of pieric acid solution represent ing the 
uppe r  and lower limits of silica allowed. Twenty-five 
and  six tenths  rag. of vacuum dried picric acid per  
l i ter  is equivalent to 50 mg. of SiO2 per  liter. Stand- 
ard  siliea solution may  be used as a s tandard,  but  
the color has no permanence.  Picric acid solutions, if  
protected f rom evaporation,  may  be used indefinitely. 

3. Advantage  may  be taken of the double color 
development, before the addit ion of citric acid, quan- 
t i ta t ively to determine orthophosphate.  Measurement  
of the color should be made, before the addition of 
citric acid, at  420 m~. Af te r  the final measurement  
is made of the bleached color, the difference between 
the two colorimeter readings may  be taken as the 
color due to orthophosphate.  A calibrat ion curve 
should be p repa red  using s tandard  NaH2P Q solu- 
tion and the s tandard  silicate solution. 

I t  must  be remembered that  the phosphorus color 
will be due to orthophosphate only and tha t  the color 
will not be stable when polyphosphates  are present. 
The color development takes place in acid medium 
which favors hydrolysis.  

Summary 
Water-soluble silica is determined rap id ly  and ac- 

curately by  measur ing the color produced a f t e r  the 
development of si l ico-molybdic acid. Citric acid is 
used to eliminate any interference f rom phosphate 
builders. The entire procedure requires not more 
than  30 minutes and is applicable to both soaps and 
synthetic detergents. Semi-quanti tat ive estimation be- 
tween limits may  be carr ied out even more rap id ly  by  
using picric acid s tandards  and a visual comparator .  
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Report of the Uniform ,Methods Committee 
1. At  the 23d Fal l  Meeting in Chicago, November  

1, 1949, the Seed and Meal Analysis Committee rec- 
ommended for  adoption as tentative, a n e w  Method 
A d  1-48, for  sampling tung  frui t ,  and new Methods 
Ad 2-48, Ad 3-48, Ad 4-48, and Ad 5-48, for  analy- 
sis of tung  f ru i t  and kernels. These methods were 
adopted as tentative.  

2. The Soap Analysis Committee decided to change 
the esterification flask in Method Da 12-48 (A- l )  f rom 
150 ml. to 125 ml. capaci ty  as the la t ter  size is more 
readi ly  obtainable.  Approva l  of this change was voted 
by  the Society. 

3. The Refining Committee, in response to a request 
f rom the Depar tmen t  of Commerce, Bureau of the 
Census, submit ted the following as a proposed defini- 
tion for  a refined vegetable oil: 

A refined vege tab le  oil or f a t  is one which  has  been  processed  
so as  to reduce the  color ing m a t t e r  and  remove s u b s t a n t i a l l y  
all  o f  the  f r ee  f a t t y  acids, phospha t ides ,  gums ,  and  insoluble  
impur i t ies .  

This definition represented a composite or consensus 
of definitions submit ted by  individual  members  of the 
Refining Committee and agreed upon b y  a subcom- 
mittee consisting of E. M. James,  T. C. Smith, and J .  
R. Mays Jr . ,  chairman. An overwhelming major i ty  

of both the Refining and Uni form Methods Commit- 
tee members  approved this definition for  adoption 
by  the Society and submission to the Bureau  of the 
Census. However  there was minori ty  opposition to 
it in both committees.  Fo r  this reason, and  because 
of our uncer ta in ty  concerning the use to which it 
might  be applied, the Uni form Methods Committee 
requested authorizat ion to inquire fu r the r  of the Bu- 
reau of the Census regarding the purpose for  which 
the definition is required, also author i ty  to modify  
its phras ing as seemed advisable in the l ight of the 
information obtained. The final definition to be rec- 
ommended to the Society must  have the approval  of 
the Refining and Uni form Methods Committees. This 
permission was granted.  

At  the 41st Annual  Meeting in Atlanta,  May 3, 
1950, a br ief  repor t  of this investigation was made. 
F rom the reply  to our inquiry  it was appa ren t  to 
the Uniform Methods Committee that  the desired defi- 
nition must  either be so comprehensive as to include 
all oils, or a mult i tude of definitions must  be formu- 
lated to cover individual  types and sources, with proc- 
essing procedures which become extremely complex. 
The definition submit ted  by  the Refining Committee 


