


STUDIES IN MINERAL METABOLISM XXVII.

phate, was found to give a reading of 42. On the basis of a 100 per
cent. transformation to tri-magnesium phosphate according to the
above equation, the theoretical reading would be 44. 1e washn
mixture was therefore changed accordingly, 30 c.c. concentratea
ammonia (30 per cent.) being added to 1,000 c.c. of the mixture
described by Malan and Van der Iangen (1931).

The results obtained with 0-07 mgm. magnesium as read against
a 0-2 mgm. phosphate standard at 30 m.m., have been tabulated in
Table [. The mixture used for washing the final precipitate was that
described above.

TABLE [.
Actual colorimetric Theoretical
Mg. standard. reading, (average of reading.
three readings). g
0407 MEM. ..o ovv e eee e 207 ‘ 29-4

e e 30-0 '
e e e 29-9 4
ry e e 29-4 v
P 30-0 -
pr e e 30-1 v
D 295
e 30-2 .
e e e 29-7 -
sr e e 29-7 v
e e e 29-3 .
e 30-1 .

In the method under review, the magnesium is determined by
first precipitating the calcium as oxalate in a solution just alkalinized
with ammonia. Without removing this precipitate, the magnesium
is then precipitated as magnesium ammonium phosphate by adding
excess phosphate and ammonia. The magnesium in this precipitate
is determined indirectly by determining its phosphate equivalent
colorimetrically. The calcium on the other hand is determined as
its phosphate in a second aliquot by directly precipitating the calcium
as calcium phosphate from a solution made alkaline with sodium

hydroxide.

Since the grass-extract itself contains some phosphate and 1in
addition contains various other metallic ions such as iron, copper,
aluminium, manganese, etc., it is clear that a very complex system
is being dealt with. With micro-quantities it is possible to choose
conditions in such a way that the precipitation of an undesired
compound 1s avoided, either by keeping the product of its jonic con-
centrations below their solubility product or by utilizing the possi-
bility of complex salts speciallv characteristic of the micro-concen-
tration range. Ii follows, however, that any such method must be
restricted in its application, since its correctness must be limited to
a definite range of concentrations for every individual ion capable
of influencing the system.

116



C. R. IIOLZAPFEL.

In dealing with grass-extracts the position 1s grea 7 simplified
in as much as such metals as aluminium, copper, manganese, etc.,
are present in such relatively low concentrations that their ~resence
does not in any way appreciably affect the analytical v 1es for
caleium and magnesium. In the case of iron the position is different,
since grass- eXtIdCtS frequently contain iron in such quant es, as to
lead to serious errors.

Before considering the possible 11 uence of = third element su
as iron, it would seem advisable to consider 2 possible effect or
calcium on the magnesium determination. In a neutr  solution,
containing calecium, magnesium and phosphate with a considerable
excess of ammonium oxalate it may be anticipated that only at a
relatively high level of phosphate and calcium concentration would
some calcium be precipitated as calcium phosphate and thus cause
too high magnesium values. In actual experiment it was fo | that
the calcium and initial phosphate had to rise as high as 1U mgm.
per aliquot volume before a  stinctly measurable error was intro-
duced. This is about five times the amount usually present in grass-
extracts.

Erricr or IroNy oN MagNESTUM DETERMINATION.

Grass-extracts have heen examined with a ferric iron content
as high as 24 mgm. Fe per 100 c.c. extract (+10 gwm. grass), and
possibly higher. Such iron concentrations arve sufficiently high to
cause at least some of the iron to be precipitated as ferric phosphate
under favourable conditions, thereby causing errors in the magnesium
values obtained. In the following table the relevant data obtained
on standard solutions containing known amounts of magnesium, iron
and *‘ initial phosphate ™’ have been compiled, the presence of cal-

cium being maintained merely because it 1s always present in actual
grass extracts.

TABLE .

Mgm. ‘ .
Product | Colori-
sent. . nt. 205 ;

1 present. [P,0;]. reading.
L 0-10 0-50 ‘ 0-10 0-40 ‘ 0-04 20-8
2 0-10 0-50 0-20 0-40 0-08 17-4
F 0-10 1-00 0-10 0-80 0-08 17-0
4o 0-10 1-00 ‘ 0-20 0-40 0-08 16-9
o N 0-10 0-50 | 0-20 0-40 0-08 17-3
6. 0-10 0-50 [ 0-30 0-40 ‘ 0-12 15-4
T 0-10 0-50 0-40 0-40 | 0-16 13-8
e 0-10 1-00 | 0-50 040 | 0-20 13-2

| ! ‘ |

According to the quantity of magnesium present, the above
colorimetric readings, compared with a 0-2 mgm. P,0, standard at
30 m.m., should all have been in the neighbourhood of ?* . m. It

will be seen that only No. 1 gives a correct reading, e other
readings giving too high values. Tt will also be notice as the
product [Fe] x [P,0;] increases, the error increases. 1y thus
be concluded that the presence of iron must either be tded or
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limited to such amounts that the product [Fe] x [ initial 7
P,0,] is kept well below 0-04 per aliquot volume.  1eal > fu aer
suggestb that at least some iron 1is precipitate as terric phosphate.
This conclusion may be confirmed by excluding the magnesium and
caleium from the above experiment.

TABLE ITI.
) ‘ Mgm. (initial) Product ( e) X Colorimetric
Mgm. Fe present. ‘ P:O5 present. ‘ [““initial 7 P,0;.] ‘ reading.
!
| 1
0-05 1-0 | 0-05 ‘ Slight colouration.
0-10 1-0 0-10 =80
0-15 10 0-15 | 60
0-20 10 0-20 48
0-25 1-0 0-25 | 44
0-45 0-8 0-36 255
0-55 0-8 0-

44 ‘ 21-6

Obtaining such readings as the above against a 0-2 mgm. P.0,
standard at 30 clearly illustrates that at least some iron is precipi-
tated as phosphate since in the above case both magnesium and cal-
cimn were absent. The table again suggests that a ﬁg‘ure of + proxi-
mately 0-04 for the product [Fe] x | initial > P,0,] is a maximum
value for approximately correct readings. If it is allowed to rise to
about 0-4 the error on 0-1 mgm. magnesivm would at least be 100
per cent. In solutions containing both iron and phosphate the only
safe procedure would thus be either to exclude or remove the 1ron
in some way. It was observed that the addition of oxalate der
certain conditions prevented the precipitation of iron, probably in
a similar manner as the better known action of citrate on iron in
solution. However, the results obtained by exploiting e use of
oxalate for preventing the iron from being precipitated were some-
what erratic. The use of citrate proved efficacious as far as keeping
the 1ron in solution, but apparently prevented complete precipifation
of the magnesium.

It was therefore decided, first to precipitate the iron as hydroxide
(phosphate) by adding ammonia, then precipitating the calecium by
adding oxalate, centrifuging oﬁ and determining the magnesium
in the supe tant ].iqui.d.

The results thus obtained on some standar solutions have een

tabulated in Table IV.

TABLE TV.
i ' Product | *
Mgm. Mg. | Mgm. Ca. | Mgm, Fe. | MED-FaOs | Tpey ‘ Mgm. Mg. | 9
present. present. present. | (}ini{ial)\ [* initial” recovered. |Recovery
i | | ’ P,0;.! i
0-07 0-5 0-3 0-6 0-18 0-067 96
0-07 0-5 0-3 0-6 0-18 0-067 96
0-10 1-0 0-1 0-4 0-04 0-095 95
0-10 0-5 0-3 0-6 0-18 0-098 98
0-10 0-5 0-3 0-6 018 0-097 97
0-15 0-5 0-3 0-6 0-18 0-146 97
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All these values arve satisfactory, since some slight loss was
inevitably incurred by the decantation of the supernatant fluid.
Such losses, however, are mechanical, and may easily be avoided by
taking an aliquot of the supernatant.

To confirm the correctness of this procedure further, and to test
its applicability to the analysis of grass-extra~*-, six such extracts
were selected on the basis of their iron content.  sing 1 c.c. aliquots,
the magnesium was first (A) determined on the calcium oxalate plus
ferric hydroxide-phosphate precipitate, then (B) in the supernatant
liquid, and finally (C) in a second aliquot on the total precipitate
obtained by the original method. These values have been tabul d
in Table V.

TABLE V.

! |
A. B. | C. . Mgm. Fe per m. ’,0;
o Mgm. MgO | Mgm. MgO | Mgm. MgO 100 ¢.c. er 100 c.c.
Specimen. }g)er 100 per 10(% %cr‘ 106{ orass- P grass-
| gm. grass. ‘ gm. grass. © gm. grass. extract. cxtract.
| | |
( ' ‘ 3 J
2 0-08 0-22 0-31 23-5 13-9
1% S 0-04 0-13 018 156 | 9-5
6C (1)evennn. .. 0-00 0-17 0-18 10-3 ‘ 8-6
4. 0-03 0-12 0-15 9-1 9-5
15 0-00 0-20 0-20 7-8 10-3
27 0-00 0-19 0-20 77 [ 11-7

In the above table, the values under column B must be considered
as correct, those under column A increasing with increase in iron
content. When the iron and incidentally the phosphate content is
low as 1n samples 6 C (1), 44, 51 and 27 the differen~~ between

columns B and C is either zero or mmsignificantly small. here the
ron contents are higher, as for example in sample 2, the error is
appreciable. The difference between columns C and however,

more or less exactly equals the figures under column A, whose values
were shown to be due to the precipitation of ferric phosphate under
the conditions of the original procedure.

After the modification of the wethod for the determination of
magnesium was found to be satisfactory, it seemed possi  to d  r-
mine both calcium and rmagnesium in the same aliquot of grass-
extract, provided the method for calcium determination could be
modified accordingly. The method of procedure suggesting itself at
this stage was to utilize the precipitate of calcium oxalate for the
calcium determination. The precipitate, consisting of cale n
oxalate, ferric hydroxide and possibly some ferric phosphate was re-
dissolved in dilute hydrocloric acid, and the caleium in this solution
directly determined by precipitation as phosphate accor ng to the
original method for calcium. The procedure thus resembles very

closely that of Kramer and Tisdall (1921) for the determin of
calcilum and magnesium in serum, except that the cal~ium re
determined as phosphate, while according to the methc of ler

and Tisdall the calcium is titrated as oxalate with permanganate.
Malan and Van der Lingen (1931) state that the presence of iron,
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up to four times the quantity usu: y present in grass-extracts, has
no appreciable effect on the calcium tigures obtained. As the follow-
ing table will show, this statement has been confirmed, correct values

being obtained even with iron as high as 0-8 mgm. = per c.c.
““ extract 7.
TABLE VI.
! |
Mgm. Mg. | Mgm. Ca. Mgm. Fe. \Mgm) ((1;11t1al) Mgm. Mg Mgm. Ca
present. present. present. pre:e ot recovered. recovered.
| I
0-07 0-20 0-10 0-40 0-070 0-200
0-07 0-20 0-10 0-60 0-068 0-198
0-07 0-20 0-20 0-40 0-068 0-203
0-07 0-20 0-20 0-60 0-069 0-203
0-07 0-20 0-30 0-40 0-070 0-204
0-07 0-20 0-30 0-60 0-067 0-203
0-07 0-20 0-50 0-40 0-068 0-204
0-07 0-20 0-60 0-40 0-069 0-200
0-07 , 0-20 0-80 0-20 0-067 0-194
0-07 1 0-20 0-80 0-40 0-067 0-192

Incidentally it should be noted that in this procedure the effect
of magnesium on calcium determination as stressed by Roe and Kahn
(1929) 1s obviated in as much as magnesium is absent when the
calclum 1s precipitated as phosphate.

As a final test for the applicability of the modified method to
grass-exiraects, the mwethod has been used for the analysis of grass-
extracts to which known amounts of caleium and magnesium have
been added. These results have been tabulated in Table IT.

TABLE VII.

Mg present ; Cla present ‘ ‘ . ‘

from grass- Mg(rlr(llg[g from grass- Mgﬁli. dCa Mén} M§ Di[gn}.) 03

extract, mgm. added. |\ oot mgm,  Added. i recovered. recovered.

N [‘

0-041 0-036 0-074 ‘ 0-10 0-076 0-174
0-031 0-036 0101 0-10 0-069 0-198
0-045 0-036 0:148 | 010 0-079 0-232
0-034 0-036 0-114 0-10 0-070 0-214
0-044 0-036 0-158 0-10 0-081 0246
0-036 0-036 0-072 J 0-10 0-073 0-172

DrrarLep DescripTioNn or TECHNIQUE FOR THE ETERMINATION OF
MaceNEsiuM anDp Carnciu.

1 c.c. of grass-extract is pipetted into a 15 c.c. centrifuge tube.
4 c.c. of distilled water are added and then a minute drop of methyl
red. A further drop of strong ammonia (35 per cent.) is sufficient to
make the solution just alkaline. After shaking the tube, 1 c.c. of
saturated ammonium oxalate solution is added to precipitate the
calcium. The tube is then we shaken and left for at least four
hours for complete precipitation of calcium. It is then centrifuged
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