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Abstract 
A method for determining sodium, potassium, 

and magnesium in soaps and detergents by means 
of flame speetrophotometry is described in detail. 
Sodium and /o r  potassium are normally present in 
high percentages; magnesium is usually found in 
relatively low concentrations as par t  of the anti- 
oxidant system of bar soaps. The speetrophoto- 
metric procedure has the following advantages 
over commonly used wet methods: 1) rapidity,  
2) simplicity, and 3) the cations are determined 
direct ly and independently of each other. Soap 
additives, such as perfumes, colors, super-fat t ing 
agents or germicides do not interfere with this 
method. Possible interferences between sodium, 
potassium, and magnesium cations were evalu- 
ated and eliminated. Typical examples, including 
toilet soaps, combination soap-detergent bars, and 
sprayed detergents arc described. 

Introduct ion 

T HE SODIUM, potassium, and magnesium cations in 
soaps and detergents are usually determined by a 

var ie ty  of s tandard analytical methods. Foremost of 
these are the periodic acid method for  potassium and 
the pyrophosphate method for magnesium (1). An 
alternate method for  determining sodium, potassium, 
and magnesium in soap is by way of flame speetro- 
photometry.  

Flame spectrophotometry has been used to deter- 
mine sodium and potassium in many areas as, e.g., in 
the analysis of water (2), minerals (3), soil(4), and 
animal tissues (5). The method has also been used 
to estimate magnesium in feldspar (6), cement (7),  
and biological fluids (8).  More recently sodium, po- 
tassium, and calcium in leaves have been determined 
by flame spectrophotometry (9). No reports  have 
appeared discussing the extension of this method to 
soaps and detergents. I t  is the purpose of this paper 
to discuss such a method in detail. 

Experimental 
E q u i p m e n t  a n d  R e a g e n t s  

Beckman model DU speetrophotometer with flame 
at tachment  

Oxygen, commercial grade 
Hydrogen,  commercial grade 
Potassium chloride, reagent grade 
Sodium chloride, reagent grade 
Magnesium oxide, reagent grade 
Hydrochloric  acid, reagent grade 
Pla t inum crucibles 
Demineralized water 

P r o c e d u r e  

1) Dry  the sample at 110C. 
2) Ash 0.5000 g of sample in plat inum dish. 
3) Wash ash with water  into a one liter volumetric 

flask and fill to the mark. 

z Presented at the AOCS meeting in Toronto, Canada, 1962. 
o P r e se t "  address :  Liquid Carbonic Co., Chicago, Ill. 
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4) Measure luminosity on Beckman model DU spec- 
trophotometer  equipped with flame attachment. 

5) Operate flame at tachment at 10 psi oxygen and 
2.50 psi hydrogen pressure. 

6) Use instrument  selector at 0.1 with specific set- 
ting shown: 

Element Wavelength Resistor Slit Photomultiplier 

~ o d l u m  ..... . . . . . . . . . . . . . . . . . .  589  2 0 .02 1 
P o t a s s i u m  .................. 766  3 0.1 1 
M a g n e s i u m  ................ 285 .3  2 0 .04  4 

7) Obtain concentration of cation by comparing 
with s tandard curve. 

Preparation of Standard Curves 

Standard Curve for Sodium 
A standard stock solution of sodium chloride was 

prepared so that one ml was equivalent to 1.19 mg 
of sodium. Aliquots were placed in 100 ml flasks 
and filled to volume with distilled water. The trans- 
mission of the most concentrated solution was set at 
]00%. The per cent transmission readings of the 
aliquots plotted agains t  parts per million sodium 
are shown in Figure  1. Standards were checked 
before and af ter  each series of unknown samples was 
analyzed, and also were inserted in the series where 
the number  of samples was large in order to guard 
against small drifts  in oxygen pressure and unde- 
fined changes in atomizer eharacteristicis. 

Standard Curve for Pota,~sium 
Potassium chloride was dissolved in 1 liter of 

water to make s tandard potassium solutions. One 
ml of stock solution was equivalent to 0.85 mg of 
potassium. The s tandard curve (Figure  1) was 
prepared using the technique described above. 

Standard Curve for Magnesium 
A liter of magnesium stock solution was prepared 

from reagent grade magnesium oxide which had 
been dried at 105C. N2 HC1 (25 ml) was used to 
bring the salt into solution. One ml of this stock 
solution was equivalent to 0.130 mg of magnesium. 
The per cent transmission readings obtained were 
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FIO. 2. Standard magnesium emission curve. 

plotted against concentration to obtain the s tandard 
curve shown in Figure 2. 

Discussion 
Sodium and potassium are both measured in the 

visible region of the spectrum: sodium at 589 m,,~ 
and potassium at 766 m/,. The analysis of members 
of Group I I -A of the periodic table is beset with 
greater difficulties than analysis of the alkali metals. 
Unlike sodium and potassium, the flame spectrmn of 
magnesium is not due entirely to the free atoms, but 
also contains lines from the ionic species. The only 
wavelength for magnesium which is free from inter- 
ference from sodium falls in the ultraviolet region 
at 285.3 m~. Using these wavelengths, standard curves 
were prepared by the usual techniques. 

The accuracy of the s tandard curves was obtained 
by having unknown solutions prepared from the ap- 
propriate stock solution and determining the emission 
under the same conditions and instrmnent settings as 
used for the preparation of the standard curves. The 
apparent  cation concentration was determined from 
the standard curves. In  no case did measured and 
calculated values differ by more than 0.3 ppm. 

Evaluation of Interferences. Some soaps and de- 
tergents contain both sodium and potassium salts. In 
order to evaluate the effect on the presence of potas- 
sium on the sodium determination, three standard 
solutions all containing the same amount of sodium 
but different quantities of potassium were prepared. 
Interference of potassium would be indicated by a 
change in the per cent transmission reading of these 
samples. Results are shown in Table I. I t  is apparent  
from these data that, under these conditions, potas- 
sium has no effect on the emission of sodium. 

The effect of sodium on potassium emission was 
determined by reading the per cent transmission of 

T A B L E  I 
Cation In te r fe rences  

Sodium ppm Po ta s s ium Magnes ium % T 

17.85 
17.85 
17.85 

250 
125 
167 

83.5 
83.5 
41.8 

0 
274 
5OO 

0 
819 

0 
1.7 
3.4 

25.5 
25.5 
17.0 
17.0 

8.5 
8.5 
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85.9 
85.6 
85.9 

103 
103 

72.1 
72.0 
38.9 
38.7 

72.8 
72.9 
72.9 
86.3 
87.0 

2.6 
2.6 
2.6 
7.8 
7.8 

u 40 

standard solutions containing both sodium and potas- 
sium ions under the same conditions used to prepare 
the calibration curve for potassium. These results are 
also summarized in Table I. The results indicate that 
at the upper limit of the calibration curve the pres- 
ence of sodium at concentrations of 5 or 10 times 
that of potassium will increase the emission intensity 
of potassium causing slightly higher results. This 
interference can be overcome by taking a smaller ali- 
quot, so that the transmission readings will occur in 
the middle or lower portion of the calibration curve. 

Standard solutions containing both sodimn and 
magnesium ions were prepared and the transmission 
deternlined under the same conditions as used for 
the preparation of the nlagnesium calibration curve. 
These results, shown in Table I, demonstrate that 
large concentrations of sodium ion have negligible 
effect on the magnesium determination. This is true 
only at the part icular  wavelength selected for mag- 
nesium determination. 

Effect of Operating Co~ditions. Variation of the 
ratio of fuel to oxygen affects the temperature of the 
flame gases and the dimensions of the flame itself. 
The pressures and flow rates which produce maximum 
intensity of an emission line or band vary somewhat, 
depending upon the element, its concentration, and 
the wavelength used for measurement. Failure to 
operate exactly at the maximum intensity does not 
affect the accuracy of the analysi s . However, it is 
desirable to operate near the maximum emission be- 
cause the most narrow spectral bandwidths can be 
used and also, if the approach to the maximum is 
relatively steep, there is least disturbance from gas 
pressure variations. To evaluate this variable, the 
emission intensity of a known amount of sodium was 
determined as a function of the hydrogen pressure 
with oxygen pressure as a parameter. Per cent trans- 
mission at the initial hydrogen pressure of 2 psi was 
set at 50% by adjusting the sensitivity. The emission 
intensity of sodium was then measured as a function 
of hydrogen pressure alone. This is shown ill Figure 
3. A final pressure of 2.5 psi was selected to insure 
that slight variations in the hydrogen pressure would 
have minimal effect on the luminosity. Using a mag- 
nesium standard containing 2.6 ppm magnesium, the 
emission intensity of magnesium was determined as 
a function of the hydrogen pressure. The results ob- 
tained are shown in Figure 3. Using the same.instru- 
nlent settings, the emission intensity of the same mag- 
nesium standard was determined as a function of the 
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FIG. 3. Emission in tens i ty  o f  sodium as a func t ion  of  
hydrogen pressure (A), and magnesium as a function of 
hydrogen (B) and oxygen (C) pressure. 
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TABLE I I  
Analysis of Soaps and Detergents 

_ _ S a m p l e  __Type 

A Spray-dried detergent  
B Light  duty  l iquid detergent 
• Heavy  duty  l iquid detergent 
D B a r  Soap 
E [Soap-synthetic ba r  

% Cation 

By flame spectrophotometry By wet methods (1) 

Sodium Potass ium Sodium Potass ium Magnesium 

23.16 
2.10 
2.20 
5.89 
9.58 

0 
9.82 
6.94 
2.11 
0.04 

Magnesium 

0.03 

23.76 
2.51 
2.31 
6.00 
9.61 

0 
10.01 

7.06 
2.17 
0.05 0.03 

oxygen pressure with a hydrogen pressure of 1.75 
psi, which is the pressure corresponding to maxi- 
m u m  emission for  magnesium, as a parameter .  See 
F igure  3. 

A t  an oxygen pressure of 10 psi slight variat ions 
in the pressure would not affect the luminosity.  How- 
ever, it was found tha t  a calibration curve f rom 0 to 
13 p p m  magnesium could not be p repared  when the 
oxygen pressure was 10 psi and hydrogen pressure 
was 1.75 psi. When the hydrogen pressure was 
changed to 2.5 psi the readings of the magnesium 
s tandard  became continuous and a calibration curve 
could be drawn. I f  the hydrogen pressure drops 
f rom 2.50 psi to 2.45 psi, the transmission readings 
will increase 0.44 scale division, which amounts to 
about  0.1 ~g of magnesium. 

Examples of the Determination of Sodium, Potas- 
sium, and Magnesium in Soaps and Detergents. To 
i l lustrate the usefulness of the method, five commer- 
cial products  were analyzed for  sodium, potassium, 
and magnesium. The types of samples analyzed and 
the results obtained are summarized in Table I I .  
Excellent  agreement  between results obtained spec- 
t rophotometr ieal ly  and by s tandard  wet methods was 
obtained. The procedure followed was essentially the 

Kinetic Studies of Detergency. IQ 

same in each case, except that  with liquid detergents  
the samples were dried at 110C pr ior  to ashing. I t  
was found tha t  carbon was more readi ly  burned off 
when using a p la t inum ra ther  than porcelain dish. 
Also, the residue was more easily removed f rom the 
p la t inum than  f rom porcelain or vitreosil dishes. 

In  conclusion, the determinat ion of sodium, po- 
tassium, and magnesium in soap by means of flame 
spect rophotometry  is useful because of the speed and 
accuracy of the method. Inherent  difficulties, such as 
determining small quantit ies of magnesium in the 
presence of large amounts  of sodimn, were overcome 
by  proper  selection of wavelengths and ins t rumenta l  
conditions. 
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Analysis of Cleaning Curves 
M. C. B O U R N E  1" and W. G. ] E N N I N G S ,  Department of Food Science and Technology, 
University of California, Davis, California 

Abstract 
The kinetics of removal  of thin films of pure  

radioactive t r is tear in  f rom a stainless-steel sur- 
face by  .03 M N a O H  was studied in a circulation 
system. The data  obtained are consistent with the 
presence of two species of tr istearin,  each species 
being removed simultaneously by  a first-order 
process and behaving independent ly  of the other. 
The pr incipal  evidence for  the existence of the 
two species is the excellent agreement  of the ex- 
per imental  data  with the mathemat ica l  techniques 
of kinetics over a wide range of experimental  con- 
ditions. Rate constants for  the removal  of each 
species and the relative proport ions  of the two 
species are given for  different experimental  con- 
ditions. I t  is shown that  the difference between 
the two species must  be based on some physical  
factor,  and possible explanations are discussed. 
The presence of two species gives a sat isfactory 
explanation for hitherto unexplained results of 
other workers. 

Introduction 

D 
E T E R G E N C Y ,  A P R A C T I C A L  EVERYDAY OPERATION~ u s u -  

a l l y  involves removal  of a thin fihn f rom a sur- 
face by  a liquid. Although s tandards  of efficiency are 

x Presen t  address:  Dept. of Food Science and  Technology, New York 
State Agricul tura l  Exper iment  Station, Cornell Universi ty,  Geneva, N.Y. 

present ly  high, the l i tera ture  shows tha t  our under-  
s tanding of detergent  processes lags f a r  behind prac- 
tice. Most detergent  research at the fundamenta l  level 
has been concentrated on fibers and textiles, even 
though the cleaning of hard  surfaces is conceivably 
more impor tan t  as direct ly related to the wholesome- 
hess of food. 

In  most detergency studies, the t ime factor  is held 
constant  while other variables are studied. In  this 
investigation of the rate of soil removal, in contrast,  
the main variable under  consideration was the time 
factor.  

Rhodes and Bra ina rd  (31) pointed out the need for  
an index of detergent  power tha t  would be based on 
exper imental  data. They found that  log-log plots of 
detergency vs. t ime were linear, and suggested that  
the slopes would be some index of detergent  power. 
Bacon and Smith (4) stressed the importance of 
mechanical  action in detergency and the effect of 
detergents in reducing the work requirenlent. They 
varied the force factor  of their  mechanical  washing 
device 48-fold and found that  their  data  fitted the 
equation 

S = K (CFT) ~ 

where S = soil removed, C = detergent  concentration, 
F = force, T = time, K and n are constants, and n is 
between 0 and 1. 


