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volve calculations only, based on reference to results 
of existing official methods. 

Bleaching Methods Committee. This committee 
Colltinues to be ra ther  inactive as there is no sI)eeifie 
problem before them although one member  of the 
committee is making a spectroscopic s tudy of bleach- 
ing response of various oils. In view of the problems 
on s tandard  bleaching earth presented in the first 
of this report ,  the connnittee may  soon have a very 
active problem. 

Vitamin Committee. This eonlmittee is ra ther  in- 
aetive pending aetion that  the 17. S. Pharmacopoeia 
may take in their  contemplated consideration of the 
physicoehemieal methods of Vitamin " A "  assay that  
the committee has previously developed. 

Glycerine Analysis Committee. Revision in tenta- 
tive method Ea-6-46 for  the periodic acid determina- 
tion of glycerine was adopted (November,  1948). 

Spectroscopy Committee. A speetrophotometrie  
method of analysis for  consti tuent  f a t ty  acids was 
adopted (November,  1948) as tentative.  

General. The foregoing reviews of committee ac- 
tivities are in most eases as complete as informat ion 
has been made available to the l rniform Methods 
Conlmittee. I t  is entirely complete with respect to all 
offieial actions of the Society on analytical  methods. 

,J. J.  (.}ANIJOIIEAIT T . C .  LAW 
l,. :B. PARSONS T. 1I. tlOPPER 
M. M. I)UgKI~:E J . T . R .  ANDREWS 

1l. R. KIX(~, chairman 

The Determination of Potassium in Soap and 
Mixed Caustic Lye" 
W. J. MILLER and J. T. R. ANDREWS, The Procter and Gamble Company, Ivorydale, Ohio 

M O D I F I C A T I ( ) N  of the method for  the. de.termi- 
nation of potassium as the periodate, suggested 
by Wil lard and Boyle (34), is presented. The 

lnodification increases the accuracy and sensit ivity of 
the original method and at the same time contr ibutes 
to its usefulness as an industr ial  control procedure.  
A l i terature survey is presented as an aid for those 
who wish to evaluate the proposed method by com- 
I)arison with other methods. 

Review of Methods 
Coball ini tr i te .  The determinat ion of potassium 

with sodium eobaltinitrite,  as first suggested by  de 
Konineh (11), has disadvantages that  cannot be over- 
looked when extreme accuracy is desired. The pre- 
cipitate of dipotassinm sodiuln cobalt initr i te has been 
studied quite eompletely by Robinson and I Iausehikl t  
(22). Their  investigations show the composition of 
the preeii)itate to vary,  deI)ending upon tile condi- 
tions of the. precipi ta t ion;  the lnost impor tan t  is 
the sodimn and alcohol concentrations of the pre- 
e.ipitating medium and tile t empera ture  at which the 
precipitat ion is made. Others (19, 25, 26, 30) have 
confirmed this work insofar as agreeing with the 
qualitative effeet of these variables. There is wide 
discrepancy, however, in the l i terature,  concerning 
the quant i ta t ive effects of N a : K  ratio, teml)erature,  
and concentration. 

Sodium cobaltinitri te reagent  is generally preI)ared 
by mixing a solution of sodium nitri te with a solu- 
tion of cobaltous acetate in acetie acid. Since pre,- 
eipitation by  this reagent  usually gives high results, 
it is felt tha t  a reagent containing less extraneous 
materials  wouhl be desirable. This is accomplished 
by  Wilcox (33), who employs an aqueous solution of 
trisodium cobalt initr i te as the precipi ta t ing reagent,  
the reac, tion being carried ont in a nitric acid me- 
dium. The precipi tate  is e, rystall ine and allegedly 
of constant composition regardless of the sodium 
cone, entration. 

* Presented at, 22nd fall meeting, American Oil Chemists' Sociely, 
New York City, Nov. 15-17, 1948. 

Ttle precipi tate  of dipotassium sodium eobaltini- 
t r i te  obtained through any scheme of preeil)italion 
may  be finally determined either gravimetr ieal ly  or 
vohmletrically.  One of the best known methods is 
that  of K r a m e r  and Tisdall (18), who d e c o m p o s e  
the precipi tate  with alkali, oxidize the l iberated ni- 
tr i te with potassium permanganate ,  and back t i t ra te  
the excess with oxalate. 

There are certain disadvantages ill this method, 
and these are outlined by  B r o w n ,  R o b i n s o n ,  and 
Browning (5), who have suggested an al ternat ive 
procedure. They dissolve the precipi tate  in eerie 
sulfate and back t i t ra te  the excess with ferrous mn- 
monimn sulfate, using or tho-phenan|hrol ine as the 
indieator. An average error  of 29; is reported in 
determinations of potassium f rom 0.2 to 1.0 rag. 

A variat ion of the eerium procedure is presented 
by  Kaye (16). Potassium iodide is added to the ex- 
cess eerie sulfate, and the l iberated iodine is t i t ra ted 
to a starch endpoint  using sodium thiosulfate. The 
obvious advantage of such procedure lies in the sharp- 
ness of the endpoint,  ewm in ver.v dilute sohttions. 

Fu r the r  variat ions of the eobalt initr i te method in- 
elude the use of silver eobalt initr i te reagent  and the 
final determiuat ion made with eerie sulfate and fer- 
roin (17). l )e terminat ion of the precipi tate  formed 
f rom the same reagent  is also made through the esti- 
mat ion of silver in the insoluble complex using the 
Volhard method (14). An al ternat ive procedure is 
the determinat ion by  distillation and t i t ra t ion of am- 
monia (10). The format ion of the sih 'er  complex is 
p re fe r red  by  some because of its grea ter  insolubility, 
more constant composition, and ease of manipulat ion.  

Colorimetry. Colorimetrie methods applicable to 
tile determinat ion of potassium are many  and inehlde 
fu r the r  variat ions of the precipi tat ion of the eobalti- 
nitrite. One of these is suggested by  Eden (12) and 
is a variat ion of the method of Jaeobs  and Itoffnlan 
(15), in which a br i l l iant  green complex is formed 
with choline hydrochloride and potassium ferroeya-  
nide. Wande r  (31) suggests tile oxidation of dipo- 
tassium sodimn eobalt initr i te with dichromate and 
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sulfuric acid followed by  measurement of the result- 
ant  yelh)w-green color. 

Sideris (27) determines pota~siuIn indirectly by 
precipitat ing the eobaltinitrite and colorimetrieally 
measuring the amount of cobalt in the acid solu- 
tion of the precipitate using nitroso-R-salt (disodium 
salt of l-nitroso-2-hydroxy-3:6-naphthalene disulfonic 
acid). 

Other colorimetric procedures (29) which may be 
utilized af ter  precipitation of the potassium with so- 
dium cobaltinitrite include direct development of the 
(.'()bait chh)ride, development with dimethyl glyoxime 
and sodiuIn sulfide, development with ~flieylic ae.id 
and a-naphthylamine and development with cysteine 
hydrochloride and hydrogen peroxide. 

When the concentration of sodium is constant in aU 
samples, a coh)red complex of potassium may be de- 
veloped directly with dipierylamine (2).  A similar 
procedure may be used in the absence of a)dium 
and sulfates in whic.h the color of a solution of potas- 
sium pierate is measured (7).  For  low concentrations 
the colorimetric determination of a solution of potas- 
siunl chloroplatinate has been suggested (1). Even 
more sensitive is the same type of measurement using 
iodot)latinate (8). 

Chloroplatinate. I t  has been stated (9) that  the 
classical gravimetrie procedure using chloroplatinic. 
acid (1,3), which is the official A.O.C.S. method, is the 
most accurate method for the determination of small 
amomits of potassium. Sehohl and Bennet t  (24) have 
modified the ehloroplatinate precipitation procedure 
and have developed a volumetric method based on the 
following reactions : 

K~PtCI6 q- 6KI = K~l'tI, + 6KC1 
K~I)tI6 + Na:S20~ ~ K:I)tI, + 2NaI + Na~S~(), 

The method is reported to have an accuracy of 2% on 
samples containing as little as 0..4 rag. of potassium. 

Variations on the ehloroplatinate method are few as 
compared with the cobaltinitri te method. One which 
is of interest, however, employs metallic magnesium 
to reduce the plat inum in a neutral  solution of the 
ehloroplatinate precipitate. After  the platimnn has 
been reduced to the metallic state, the l iberated ehlo- 
fine is t i t ra ted with silver ni t rate  using diehh)roflno- 
reseein indicator (6). 

Although the ehloroplatinate method is more accu- 
rate or at least more stoiehiometrically positive than 
the eobaltinitri te method, the lat ter  may be preferred  
by many since the eost of chloroplatinic acid may he 
prohihit ive where large numbers of samples are han- 
dled. Recovery of the platinum is not completely 
satisfactory in addition to the fur ther  time involved 
in this step. 

Perchtorate. The original perehlorate method for 
the determination of potassiuni as introduced by  
Schloessing (23) and modified by Smith (28) is so 
familiar  that  it will be given only passing mention. 

Ammonium salts and sulfates must not be present. 
A little phosphate does no harm, but  large quanti- 
ties produce high results. This need for the absence 
of sulfates and fair ly  large amounts of phosphates 
makes the method a poor one to use in the analysis 
of synthetic detergents. 

A complete bibl iography of the perehlorate method, 
ineluding its shortcomings, is given by  Morris (20). 

Flame Photometry. Unfortunately ,  potassium de- 
terminat ion of flame photometry (4) leaves much to 

be desired. Even with the newer apparatus,  in whie.h 
an internal  standard, such as lithium, is employed, 
the results are somewhat erratic. I)ihttion is neces- 
sary so that  measurements may be made in parts per 
million, and sinee these results nlay he in error  1)y 
several par ts  per million, the fiual results may show 
extremely large errors indeed. 

Instruments  of the internal s tandard and direct 
intensity type have been studied quite completely by 
the authors. The conclusion reached was that  the 
individual instrument  is no het ter  than the sensitiv- 
i ty of its photocell and its device for atomizing the 
sample. Recently others (35) have borne out the 
inaccuracy of the flame photometer, especially the 
interference of common metals, acids, and solvents. 

I t  has been reported, however, that a photometric 
measuring instrument such as that supplied for use 
with the Beckman Spectrophotometer will produce 
results of more desirable accuracy (3). 

Polarography. One of the newer sehenles of illstru- 
mentation applicable to the analysis of potassimn is 
the use of the polarograph (32). Good accuracy on 
samples containing as little as 0.001.% t)otassium is 
obtainable in the al)senee of sodium. A e. v. curve is 
obtained with the sample in an electrolyte of aqueous 
tetraethyl  ammonium hydroxide, and the height of 
the wave compared with a previously prepared cali- 
brat ion curve. 

Discuss ion  
The determination of potassium as periodate, KIO,, 

offers a number  of attractive advantages. The salt 
has a high molecular weight;  it lends itself well to 
vohimetrie determination by a very exact t i tration 
of liberated iodine; it is only slightly soluble and 
contains about  the same percentage of potassium as 
the chloroplatinate and cobaltinitrite. I)etermina- 
lions are sensitive to 0.1 rag. of I)otassium and may 
be carried out quite rapidly. Since satisfactory meth- 
ods are now availablc for  the. manufaeture  of pe,'i- 
odic aeid, the reagent is comparatively inexl)ensive. 
and readily available.. 

The solvent used in the method is that chosen by  
Willard and Boyle (34). A mixture of ethyl ah!ohol 
and ethyl acetate is not oxidized by periodic acid 
during the time required for the analysis. It is mis- 
cible with over 10% of water and dissolves sodium 
I)eriodate and other salts while leaving the potassium 
salt completely out of solution. 

The reaction used by Willard and Boyle to t i trate 
the p e r i o ( t a t e  was first suggested by  Miiller and 
Fr iedbcrger  (21). 

I0i~ q- 2I- ~ I0; q- I z 

The reaction is quanti tat ive only in neutral  solution, 
preferably buffered by  boric acid-boraie. The free 
iodine is t i t ra ted with s tandard arsenite. The only 
advantage of this over the proposed method of eom- 
pletely reducing the periodate to iodine is that iodate 
will not interfere. Miiller and Fr iedbcrger  used this 
reaction to determine perio(late in the presence of 
iodate. Since precautions are taken in the proposed 
method to preclude the presence of iodates, there is 
no reason why the periodate should not be completely 
reduced and the liberated iodine t i t ra ted with thio- 
sulfate. The most obvious a d v a n t a g e  is that the 
sensitivity of the method is increased by  a factor 
of four. The advantage of using thiosulfate ra ther  
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than arsenite and the elimination of buffers is not 
to be overlooked. 

:Experimental 
Since tho proposed method was to be apt)lied to 

control laboratory work where many samples would 
be handled sinmltaneously, the original method (',ail- 
ing for  mechanical st irr ing was impractical, A num- 
ber of d e t e r m i n a t i o n s  were made to compare the 
effects of mechanical versns hand stirring (Table I) .  
As a result, hand stirring was r e c o m m e n d e d  and 
many later observations have borne out the validity 
of tile alternate procedure. 

TABLE I 

% N a  % K  
Present  Added 

1 o .oo 3.0() 
15.00 3.00 
20.00 3.00 

5.00 12.60 
10.00 12.60 
20.00 12.60 

% K Found 

Mechanical Stir- 
ing, 30 min.  

Low lIigh 
Speed Speed 

2.99 o 98 
�9 ~.9s ~:99 
3.01 2.99 

12.60 12.59 
12.6l  12.59 
12.61 12.60 

t Iand  St i r r ing,  5 min. 
In tervals  

30 ] 45 I 60 
l n l n .  n l i n ,  l lqin.  

- - ~ ; T -  ~ a.o2 
2.97 , 3.00 I 2.[ .( 
3.01 I 2.98 I 2.99 

12.60 12.60 12.61 
12.60 12.60 I 12.61 
12.60 12.61 12.59 

Reagents 
1. Periodic Acid. The reagent must be free of 

iodie acid and may be tested as follows: Dissolve 
0.5 gin. of periodic acid in 25 ml. of water. Add a 
few drops of N/4  silver nitrate and warm to dis~lve 
the yelh)wish-brown silver I)eriodate, I f  iodie acid is 
present, a white flocculcnt precipitate of silver iodate 
will form. The grade manufactured by the G. F. 
Smith Chenfical Company, Columbus, Ohio, was used 
in all work and showed no trace of iodate. 

2. Sol,vc~t. Mix equal parts of 95~, 3A ethyl alco- 
hol and anhydrous ethyl acetate. One gram of peri- 
odic acid dissolved in 100 ml. of solvent should show 
no more than a trace of free iodine after  standing 
at room temperature for one hour. If aldehydes arc 
present in the alcohol, treat it before mixing with 
the ethyl acetate, by refluxing 2-3 hours over 0.5 
gin. of NaOH and 2.5 gm. of AgNOa per liter, Distill 
after rcfluxing. 

3. Sodium Thiosulfate. 0.1 N standard solution. 
4. Potassium Iod, ide. 30% water solution, 
5. Nitric Acid. C. P., concentrated. 
6. Indicator. Starch paste. 

Preparation of the Sample 
Soap. Dissolve 5.000 gin. of soap in warm water, 

decompose with 20 ml. of 1-3 nitric acid, clear and 
filter through wet paper into a 250-ml. volumetric 
flask. Wash with hot watcr, cool, dilute to mark and 
remove a 50-ml. aliquot (or one of such size as to 
contain no more than 30 rag. of K._,O). Evaporate 
to dryness in a 150-ml. beaker on a steam bath. To 
the residue add 10 ml. of eonc. nitric acid and again 
evaporate to dryncss. Chlorides will reduce periodic 
acid and must be removed in this manner. I f  morc 
than traces of ammonium salts are present, the dried 
nitrate salts should be gently heated over a flame 
to deeomI )ose  any ammonium nitrate. The residue 
should then be treated once more with enough nitric, 
acid to wet the salts and again taken to dryness on 
the steam bath. 

Caustic Lye. Transfer  5.000 gm. of sample to a 500- 
ml. volnmetric flask and make to volume with water. 
Place an aliquot containing no more than 30 rag. of 
K~O in a 150-ml. beaker and neutralize with cone. 
nitric acid. Evaporate  to dryness and treat  wi~h 
nitric, acid, taking the same i)reeautions as directe(i 
for soap. 

Precipitation of KIO~ 
To the dried nitrate salts, add not more than 5 ml. 

of water and swirl to dissolve as completely as pos- 
sible. Add 3 ml. of water (from a snlall graduate)  
in which 1.0 gin. of periodic acid has just  been dis- 
solved. Swil'l at frequent intervals for 3 or 4 nlinutes 
to permit comI)lete precipitation of the KIO,.  Add 
90 ml. of the alcohol-ethyl acetate solvent and allow 
the mixture to stand in an ice bath for 30 minlttcs 
with vigorous hand st irr ing at 5-minute intervals. 
Filter through a Gooch crncible and wash with about 
50 nil. of anhydrous  ethyl acetate at 0~ 

I t  is essential that , thc i)recipitation be carried out 
as indicated. I f  the periodic acid is added after  ttle 
addition of the solvent, lhe precipitate will be gela- 
tinous and difficult to filter, whereas if it is first 
formed in aqueous solution, the periodate will bc 
crystalline. 

Ti trat ion of the Liberated Iodine 
Placc the crucible and contents in a 250-ml. beaker, 

add 100 nil. of water alnl 5 ml. of (;on(;. H('I .  With 
a stirring rod, loosen tile asbestos mat and tip the 
crucible into its side. Add 10 nil. of the 3()~, KI  
solution and titrate with N/10 sodium thiosulfate. 
After  some of the iodine color has disappeared, earc- 
fully lift the crucible above the liquid with the stir- 
ring rod. Rinse it with water from a wash bottle into 
the beaker and remove it. Continue the t i tration to 
the starch cndpoint. 

Gravimetric Determination of KIO, 
An alternate procedure is to filter the I)reciI)itated 

KI() ,  through a Gooch crucible that has been previ- 
ously dried at 105~ and weighed. After  washing 
the precipitate with ethyl acetate as directed, dry  for 
10 minutes at 105~ and reweigh. 

Calculations 
ml .  o f  t h i o s u l f a t e  X n o r m a l i t y  X 0 . 0 0 5 8 9  X 100  

% K:O . . . .  
Wcight of sample 

Weight of precipitate X 0.2047 X 100 
% KA) = 

Weight of sample 

Cooperative Work 
Cooperative work has been done to establish the 

reproducibili ty of this method. As a result it has 
been adol)ted as a s tandard control method arm has 
shown none of the difficulties usually encourltered 
with new methods, even in the hands of compara- 
tively inexperienced analysts. Table i I  shows the 
results obtained by four independcnt laboratories 
using the proposed method on three cooperative sam- 
ples. All laboratories and analysts were completely 
unfamiliar with the method. 

Interferences 
\Villard and Boyle have shown the effeet of the 

presence of other metals and of free acids. Results 
are unsatisfactory in the presence of iron, manga- 
nese, chronfium, rubidium, cesium, and ammonium. 
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TABLE I I  

i Sample  
! No. 1 

:'~Iade to contain .................................... i 2.61 
Laboratory A ......................................... 2.62 
Labora to ry  B ....................................... ' 2 .60 
I , a l )o~ to~ r  ~)'..'..'.'.'.'.i'.'.'.'.:'.'.'.'.'..'.:'.::::::.::~U.:::'i 2.6,) 
I_~a bor ttory 2.61 

% K~O 
Sample Sample 
No. 2 No. 3 

2 . 6 1  2.53 
2.61 2.54 
2.61 ~ 2.50 

I 2.5s I 2.54 
2.61 I 2.54 

] f  both calcium and sulfates are present,  results may 
be low as a result  of the format ion  of a double po- 
tassium calcium sulfate. I t  is possible to separate  
potassium f rom as much as 70 times as nmch sodium. 
Free  acids, other than  hydrochloric,  may be present,  
bu t  large quantit ies pro(luee a precipi tate  that  filters 
only with difficulty. Perchloric acid will produce a 
precipi tate  of KC10~ which will not be converted to 
periodate with 30 minutes of stirring~ 

The presence of large amounts  of glycerine, ethan- 
olamines, and similar organic compounds that  may 
nitrate will interfere with the results .  The samples, 
in such cases, should be p repared  by ashing. 

Summary 
The method of determining potassium as KI() , ,  as 

suggested by  Wil lard  and Boyle, has been modified 
and applied to the analysis  of soap and caustic lye. 
The i)rccii)itated periodate is completely reduced, and 
the l iberated iodine is t i t ra ted  with s tandard  thiosul- 
fate. The determination is sensitive to 0.1 mg. of 
potassium an(l the analysis of large numbers  of sam- 
ples nlay be carried out simultaneously in a relatively 
short time. This, along with the low cost of the rea- 

gents, makes the method applicable to industrial  con- 
trol work. An extensive l i terature  search was made 
and the complete list of references is included. 
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Report of the Color Committee 
May, 1949 

Introduction 

T i l l s  repor t  covers work conlpleted since the 194~ 
repor t  pr inted in the Journa l  of tile American 
Oil Chemists '  Society, V o l u m e  X X V I ,  No. 2, 

45-51, Februa ry ,  1949. At the meeting of the Color 
Committee, held in New York in November,  1948, 
it was deci(h~d to contimle the investigation of the 
reproducibi l i ty  of the Coleman Jun ior  spectropho- 
tometer  and to set up a method that  could be rec- 
ommended for  adoption by  the U n i f o r m  M e t h o d s  
Committee of thc Society. The work reported herein 
is aimed at completing this program.  

Work Completed 
The, Commitlee submit ted  to 20 collaborators four  

oil sanlples and  a nickel sulfate solution, together 
with a proposed spectrophotometr ic  c o l o r  m e t h o d .  
Each collaborator  was requested to 

1. F o l l o w  t he  m e t h o d  as  g i v e n ,  excep t  no d i l u t i ons  shou ld  
I)e m a d e  

2. R e p o r t  b o t h  dens i t i e s  a n d  t r a n s m i s s i o n s  

3. Be  su re  the  i n s t r u m e n t  w a s  c a l i b r a t e d  e x a c t l y  

4. 17sc Tyl )e  B e u v e t t e s  

5. Read  oils u t  525 a nd  550 m~. ,  u s i n g  CCL as "~ 1)lank 

6. :Read n icke l  s u l f a t e  a t  400,  470, 510, 525, 550, a n d  700 
m~. ,  u s i n g  bo th  w a t e r  a n d  CCh as b l a n k s  

7. :Read L o v i b o n d  colors  on t he  oil s amp le s .  

The data obtained are shown ill Tables I, I I ,  and 
H I .  Coml)lete spectral  information on the four  oils 
is given in Table IV  and Fig. 1. The Barrow-Agee 
laboratories obtained Lovibond red readings on a 
large number  of oils in process and read spcctropho- 
tometric transmissions on the same oils at several 
wavelengths. These data are plotted in Figs. 2 and 3. 

Discussion of the Data 
A total of 20 sets of samples were sent out to the 

Color Committee collaborators. Sixteen reported re- 
sults using the Coleman Jun io r  spectrophotometer  
and one using the C o l e m a n  [;lfiVel'sal Model 1]. 
Agreement  was general ly good except for Labora to ry  
6, which was extremely erratic on the nickel sulfate 
solution. Ins t ruments  in Laborator ies  11 and 19 ap- 
pear  to be out of wavelength calibration. The instru- 
ment in Labora to ry  12 gave too high results at all 
wavelengths for  some unexplained reason. Labora-  
tory 13 was slightly high because a 20.5 ram. cell 
was used for all measurements.  All of these results 
(Table ] l )  are excluded, leaving ]2 sets of results, 
which have been assembled in Table I. 

While all of the instruments,  except the one in 
Labora to ry  ] 5, were supposed to be calibrated against  
the ins t rument  maker ' s  d idymium filter, instruments 
in 6, 11, 12, and 19 are out of cal ibrat ion if the nickel 


