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separation than did those without this addition. 
In another series, to which 0.3 Gm. of powdered 
ox-gall extract was added to the older type in- 
testinal fluid (pH of 7.85), most emulsions were 
stable but the U. S. P. emulsion showed a large 
amount of oil separation. 

The addition of 0.3 Gm. of fresh bile to the 
series, using the newer type intestinal juice, did 
not seem to give results materially different from 
those in which 0.1 Gm. of bile salts was used, al- 
though two cases showed more oil separation in 
the fresh bile series. It was further noted, in a 
comparative study of the U. S. P. and the chon- 
drus type emulsions, that when no bile salts were 
present the amount of oil separated was roughly 
proportional to the time of digestion. However, 
when varying amounts of bile salts or substances 
containing them were added to the digestions in 
the synthetic gastric fluid somewhat erratic re- 
sults were obtained which were difficult to evalu- 
ate. 
4. Less oil appeared to be separated when bile 

salts were added to the natural intestinal extract 
without the addition of 0.5 per cent pancreatin 
than in a similar case in a series run in which 0.5 
per cent pancreatin had been added. 

When the +H level of synthetic gastric 
juice was raised from 1.0 to 2.0 and this was 
added to the emulsions only one emulsion showed 
any marked oil separation. This emulsion broke 
almost completely and, as the +H of the synthetic 

3. 

5. 

gastric juice was raised further from 2.0 to 3.0, it  
still was the only one to show any appreciable oil 
released from the emulsion. I t  is interesting to 
note that the most stable emulsions at  a PH of 3.0 
were the chondrus type and the U. S. P. mineral 
oil emulsion. 

6. When the emulsions were stored for one 
week a t  0’ F. and then centrifuged after thawing 
the separation of oil was marked varying from an 
extreme of 76 per cent in the case of the “Vitamin 
A-Mineral Oil Dispersion,” to none in the case 
of the chondrus type emulsion. Even the U. 
S. P. emulsion showed an appreciable amount of 
separated oil in this extreme test. 

It is concluded that of the various types of 
mineral oil emulsions studied both in the presence 
of gastric juice, and intestinal juices both natural 
and artificial, at  varying +H levels and even after 
extreme freezing temperatures for one week, the 
chondrus type of emulsion was the most perman- 
ent. 

8. However, since the stability of certain 
emulsions seemed to vary widely with only slight 
changes of PH, it seems that further investigations 
might well be carried out in regard to this factor, 
and that the foregoing experiments might be con- 
sidered preliminary in nature. 

7. 
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An Improved Assay for Magnesium Citrate Solution* 
By DONALD D. ABBOTTT and LOUIS A. REBER 

The present official methods of analysis for magnesium citrate solution are involved 
and tedious. The assays for total citric acid and for magnesium oxide have been 
simplified without sacrificing accuracy to any degree. Use has been made of a 
cation exchange resin to convert the total acid to a titratable form. Citric acid may 
then be calculated directly. The magnesium oxide has been determined by a titra- 
tion employing disodium ethylenediaminetetraacetate. The combination of these 
two procedures for the analysis of magnesium citrate solution allows a great saving of 
time with an accuracy equal to or better than that achieved using the official methods. 

HE PRESENT OFFICIAL ASSAY of U. S. P. mag- 
Tnesium citrate solution (1) consists of a deter- 
mination of Minimum of Tota.1 Citric Acid as well 
as an Assay of Magnesium Oxide. The citric acid 
determination consists of the precipitation of cal- 
cium citrate, ignition to calcium oxide, followed 
by a residual acidimetric titration. The assay 
for magnesium oxide is a gravimetric procedure 
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based on the precipitation and weighing of mag- 
nesium hydroxyquinolate. Each of these of- 
ficialmethods, although satisfactory as a means of 
assay, has its shortcomings. The method for 
citric acid requires a great deal of manipulation 
resulting in a long and tedious procedure making 
its use awkward as a routine laboratory proce- 
dure. The gravimetric procedure for the assay of 
magnesium oxide is simple and accurate but 
nevertheless time-consuming. 

This paper presents methods for the determina- 
tion of magnesium as well as citric acid which are 
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improvements over the present official methods. 
Each of these proposed methods results in a con- 
siderable reduction of time required and has 
proved to be equally accurate and even more pre- 
cise than the present U. S. P. method. In the pro- 
cedures developed in this study, magnesium is 
determined volumetrically by the use of the di- 
sodium salt of ethylenediaminetetraacetic acid, 
while total citric acid is titrated with alkali after 
liberation from its salts b y  the use of an ion ex- 
change resin. 

Disodium ethylenediaminetetraacetic acid 
(disodium saltof EDTA) and the ion exchange res- 
ins have been receiving ever increasing use in the  
field of analytical chemistry. The use of the di- 
sodium salt of E D T A  for the determination of 
magnesium was introduced by  Schwarzenbach (2) 
for the determination of magnesium and calcium 
in water; the method is similar to  that  suggested 
by Mattocks and Hernandez (3) for the assay of 
calcium products and used by  Griffenhagen, 
Pfisterer, and Sloth (4) for the assay of tablets 
containing calcium. For the determination of 
citric acid, use has been made of an ion exchange 
resin t o  replace the cations of the solution b y  
hydrogen ions, thus making possible a titration of 
the total acid with standard alkali. 

EXPERIMENTAL 

Magnesium Determination 

Reagents.-(a) Solution of Disodium Sult of 
EDTA.-Dissolve 10 Gm. of the disodium salt of 
EDTA in sufficient water to make 1 liter. This 
solution should be stored in a pyrex bottle to ensure 
its stability. 

( b )  Standard Magnesium Sulfate Solution.-Pre- 
pare an aqueous solution of MgS04.7Hz0 so that 
1 ml. of solution is equivalent to  1 mg. of mag- 
nesium. This solution may be standardized by 
any suitable method for the determination of mag- 
nesium. I n  our work the hydroxyquinoline gravi- 
metric procedure was employed. 

(c) Buffer Solution.-Dissolve 67.5 Gm. of am- 
monium chloride and 570 ml. of concentrated am- 
monium hydroxide in enough water to make 1 L. 
of solution. 

( d )  Indicator Solution.-Inhibited Versenate Indi- 
cator.' 

Standardization of the Solution of the Disodium 
Salt of EDTA.-Transfer exactly 25 ml. (equal to 
25 mg. of magnesium) of standard MgS04 solution 
to a 250-ml. beaker and add exactly 50 ml. of the 
solution of the disodium salt of EDTA. Stir and 
allow to stand ten minutes, add 20 ml. of buffer 
solution and titrate the excess disodium salt of 
EDTA with standard MgSO, solution using two 
drops of indicator solution. The end point of the 
titration. a change from a dark blue to  a wine-red 
color, is readily observed when the beaker is held 
above a white surface. Calculate the amount of 

1 Bersworth Chem. Co.. Pramingham. Mass. 

magnesium (in mg.) equivalent to 1 ml. of the solti- 
tion of the disodium salt of EDTA. 

Determination of Magnesium Content of Mag- 
nesium Citrate Solution.-Transfer t o  a 100-ml. 
volumetric flask exactly 10 ml. of magnesium citrate 
solution which has previously been freed from 
excessive carbon dioxide by repeated pouring. Di- 
lute to  mark and mix thoroughly. Transfer exactly 
25 ml. of this dilution (equivalent to 2.50 ml. of 
sample) to  a 250-ml. beaker, add exactly 50 ml. of 
the solution of the disodium salt of EDTA and allow 
to stand ten minutes. Add 20 ml. of buffer solu- 
tion and titrate the excess disodium salt of EDTA 
with standard MgSO, solution using two drops of 
indicator solution. From the magnesium equiva- 
lent to  50 ml. of solution of the disodium salt of 
EDTA subtract the amount of magnesium con- 
tained in the standard MgSO4 solution used in the 
titration. The difference, multiplied by 40, is 
the magnesium contained in 100 ml. of the sample. 
The magnesium content multiplied by 1.658 gives 
the equivalent amount of MgO. 

The residual titration of magnesium was resorted 
to  after considerable experimentation with a direct 
titration procedure. The end point of the direct 
titration proved quite difficult to  observe and in- 
consistent results were obtained using this method. 
This is in agreement with the findings of Mattocks 
and Hernandez (3). 

Total Citric Acid Determination 

Reagents and Apparatus.-(a) Tenth-normal 
Sodium Hydroxide. 

( b )  Ion Exchange Resin-AmberliteB IR-120 (H) 
analytical grade.2 

(c) Ion Exchange Column-It is suggested that the 
ion exchange column have the following charac- 
teristics: 300 mm. in length, 8 mm. in diameter, 
one end constricted to an aperture of 4 mm. and 
packed with a small wad of glass wool. Five grams 
of resin are introduced into the column by means of 
a funnel inserted into the upper end and washed 
with water until firmly and evenly packed. The 
rate of flow of water through the properly prepared 
column should be 80 to  100 drops per minute. A 
column prepared in this manner can be used three 
times in the procedure described below before it is 
regenerated or discarded. 

PROCEDURE 
Transfer exactly 25 ml. of the same dilution as 

used in the determination of magnesium to a 150- 
ml. beaker and heat to just below the boiling point. 
Pour the hot solution through the exchange column, 
collecting the effluent in a 250-ml. flask. Wash 
the beaker twice with 25-ml. portions of hot water, 
collecting the washings in the same flask. Allow the 
resulting solution to cool and titrate with tenth- 
normal sodium hydroxide, using phenolphthalein 
as indicator. Each milliliter of tenth-normal 
sodium hydroxide is equivalent to 7.005 mg. of 
citric acid. 

I n  experimenting for the best means of achieving 
the ion exchange the addition of varying amounts 
of resin directly to  dilutions of prepared magnesium 
citrate solution, of known citric acid content, was 
tried. The results obtained in titrations of solutions 

2 Rohm and Haas, Philadelphia, Pa. 
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TABLE  COMPARISON OF METHODS FOR 
MAGNESIUM DETERMINATIONS 

(GRAMS OF MG PER IOO-ML. SAMPLE) 

u. s. P. XIV Proposed 
Method Method 
0.940 0.938 
0,940 0.937 
0.938 0.938 
0.940 0.938 

Av. 0.940 Av. 0.938 
__ __ 

S. D. = 0.001 S. D. = 0.0005 

TABLE II.-RECOVERY OF ADDED MAGNESIUM BY 
TITRATION WITH DISODIUM EDTA 

(GRAMS OF MG PER 100-ML. SAMPLE) 
Arnt. Amt. Amt. 

Added Present Found 
None 0.940 0.940 
0.050 0.990 0.988 
0.100 1.040 1.040 
0.150 1.090 1.094 
0.200 1.140 1.138 

TABLE III.-COMPARISON OF METHODS FOR CITRIC 
ACID DETERMINATION 

(GRAMS OF CITRIC ACID PER ~ ~ O - M L .  SAMPLE) 

u. s. P. XIV 
Method 
9.23 
9.20 
9.26 
9.24 

Proposed 
Method 
9.24 
9.26 
9.24 
9.25 .~ - ~ 

Av. 9.23 Av. 9.25 
S. D. = 0.022 S. D. = 0.009 

TABLE IV.-RECOVERY OF ADDED CITRIC ACID BY 
ION EXCHANGE METHOD 

(GRAMS OF CITRIC ACID PER ~ O O - M L .  SAMPLE) 

Amt. Amt. Amt. 
Added Present Found 
None 9.25 9.25 
0.250 9.50 9.49 
n *5on 9.75 9.74 
0.750 
1.000 

10.00 
10.25 

10.00 
10.24 

treated in this manner gave recoveries of citric acid 
ranging from 95 to 98%. It was for this reason that 
the present method using the column, rather than 
the batch technique, has been employed. 

RESULTS AND DISCUSSION 

Magnesium Determination.-In order to test the 
suitability of the suggested method for the deter- 
mination of magnesium, a sample of magnesium 
citrate solution was analyzed, for magnesium con- 

tent, by both the U. S P. XIV method and the 
method described herein. The results are shown 
in Table I. To test further the reliability of the 
suggested method known quantities of magnesium 
were added to the original magnesium citrate solu- 
tion and analyses repeated. The recovery of these 
added amounts of magnesium are given in Table 11. 

As is shown in Tables I and I1 the results obtained 
using the suggested method for magnesium are com- 
parable, in accuracy and precision, to the present 
U. S. P. method. At the same time, a considerable 
reduction in the time required to complete each 
individual assay is achieved. 

Total Citric Acid Determination.-Analyses of 
magnesium citrate solution were carried out, using 
both the U. S. P. XIV method for minimum of totel 
citric acid and the proposed method for total citric 
acid. A comparison of the results obtained using 
these two methods is presented in Table 111. The 
reliability of the proposed method was ascertained 
by adding known amounts of citric acid to the 
original magnesium citrate solution. The results 
showing the amounts of citric acid recovered are 
presented in Table IV. The ion exchange method 
for the determination of total citric acid is shown 
to give results comparable to those obtained using 
the official method while it is capable of even better 
precision. 

SUMMARY 

1. The proposed methods for the determina- 
tion of magnesium and total citric acid content of 
magnesium citrate solution produce accurate and 
precise results comparable with those obtained 
using the present official U. S. P. methods. 

2. The methods presented herein allow for a 
considerable reduction in time and eliminate the 
unsatisfactory aspects of the current official 
methods. 

3. It should be realized that the proposed ion 
exchange method for the determination of total 
citric acid is not specific for that acid. By means 
of this method, all cations are replaced by hydro- 
gen ions and are titrated with alkali, regardless 
of the acid radicals with which they are com- 
bined. 
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