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the calorimeter would differentiate between such small variations
in the inert material, the ash aud water.

Tabulating the results with reference to these inert materials
and giving simply the calorimetric reading for each we have :

‘Total of water and ash,

No. Per cent. B.T.T.
216 13.79 12,214
217 11.80 12,286
218 9.37 12,924
220 11.45 12,345
221 14.02 12,056

(¢) It has already been meutioned but attention sliould again
be called to the fact that with tlie calorimeter it is necessary to
operate on the oveu-dried samiple for the reason that the water,
if left in the sample, gives off heat in combining with the cheni-
ical; heuce, a gramsample is weighed aud dried in the oven orif
the per ceut. of moisture is knowi, ann oven-dried sample may be
weighed out, making allowance for the water. No other condi-
tious vary the results. About 17 tinies the weiglt of coal is the
best amount of peroxide to insure complete combustion but vari-
ations from 16 to 20 times the amount do not appreciably vary
the results. Indeed with careful work and a good thermometer
the instrument repeats its own results fully as closely as the bonib
calorimeters. T'he usual practice, moreover, lias been to work
with half-gram samples, using a measured quantity,—8 tog granis
of peroxide. With a suitable room aud reasonable precautions
as to temperature of botli room and water employed, exceedingly
constant and satisfactory results may be obtained which should
vary less tlian 0.5 per cent. from tlie best figure obtainable with

a standard instrument.

UNIVERSITY OF ILLINOIS,
UrBaNa, ILL.
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LTHOUGH a great anount of work has beeu done in this
country upon the subject of phosphorus determination,
practically no attentionn seems to have been given to methods



PHOSPHORIC ACID AS PHOSPHOMOLYBDIC ANHYDRIDE. 653

which involve the igunition of ammonium phosphomolybdate
and weighing of the residue. A given weight of phosphoric
acid yields about sixteen times as much phosphomolyhdic
anhydride as magnesiunt pyrophosphate, and the ‘‘ yellow pre-
cipitate can be ignited much more quickly and apparently with
quite as definite results as it can be dried. It seems strange,
therefore, that less attention has been given to this than to the
other rapid gravimetric methods.

The first attempt to determiine phosphoric acid as phospho-
molybdic anhydride was probably that of Meineke." The
phosphate was precipitated by means of the ordinary acid molyb-
date reagent from a solution containing 20 to 25 per cent. of
ammonium nitrate, heated to 50°-60° and vigorously stirred.
After washing with a weakly acid solution of ammonium
nitrate, the precipitate was heated below redness for fifteen
minutes. The residue was believed to be of constant compo-
sition and to it was assigned the formula P,0,.Mo,,O,,.

Hanamann® about ten years later published a method very
simiilar to that of Meineke but recommended that the precipita-
tion be made at roon: temperature.

Later Meineke' made an extended series of determinations
on solutions of pure phosphates from the average of which he
calculated the percentage of P,O, in the residue to be 3.949 per
cent., agreeing well with the formula, P,0,.24Mo0O,. He recom-
mended that in the presence of a little iron the precipitation be
carried out at 50° in the presence of 5 per cent. of ammonium
nitrate, using the ordinary acid molybdate solution while if the
solution contained much iron at least 10 per cent. of amnionium
nitrate and 5 to 1o per cent. of strong nitric acid should be
preseut and the precipitation carried out at a higher temperature.
Good results are reported on two samples of phosphate.

Woy* developed the following method and applied it to a
variety of technical products:

Reagents—(1) A 3 per cent. solution of ammonium molyb-
date; (2) ammonium nitrate solution-—340 grams per liter;
(3) nitric acid of 1.153 sp. gr.; (4) wash solution containing

1 Repert. anal, Chem., B, 153 (1885) ; Zischr. anal Chem., 26, 636 (1837).
2 Chem. Ztg.. 19, 553 (1895).

3 7bid., 20, 108 (1896).

4 Jbid., 21, 441 and 469 (1897).
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200 grams ammonium nitrate and 160 cc. of nitric acid iu 4
liters of water.

Procedure.—To an aliquot part of the solution corresponding
to 0.5 gram substance, add 30 cc. ammonium uitrate solution
and 10 to 20 cc. of the nitric acid and heat until bubbles com-
mence to rise, then add the necessary quautity of molybdate
solution heated to the same degree (about 80® in our experi-
ments). The reagent is run into the middle of the solution
which is kept in motion during the operation. After fifteen
minutes when the precipitate has settled, the solution is de-
canted through a porcelain Goocli crucible, tlie precipitate
washed by decantation with 50 cc. of the wash solution and
thien dissolved in the beaker in dilute amnionia and reprecipi-
tated by adding hot nitric acid, drop by drop, stirring or shaking
the solution. Filter on the porcelain Gooch crucible and wash
with the liot wash solution. Finally place the porcelain crucible
iuside of a wnickel crucible and heat until the bottom of the latter
is dull red. After fifteen minutes the precipitate is transformed
into P,0;.24 MoO,.

Pellet' considers the second precipitation of ammonium phos-
phoniolybdate recommended by Woy to be unnecessary.
Having seen only a brief abstract of his paper we do not know
the nature of the experiments on which his conclusion is based.

Hanamann® suggests that contamination with silica is best
avoided by carrying out the precipitation” at a low temperature
and in the presetice of considerable free nitric acid.

Some preliminary trials with miicrocosmic salt solutions
having given results quite favorable to Woy’s methiod whether
with or without a second precipitation, we were led to compare
ott a number of samples: (1) The well-known molybdate-mag-
nesia niethod carried out according to the directions of the
Association of Official Agricultural Chemists and here called
the official method; (2) Woy’s method as published; (3)
Woy’'s niethod, omitting the second precipitation of ammonium
phosphomolybdate. The samplestested were notonly ‘‘ mixed”’
fertilizers but nearly all of them were ‘‘composites’ so that
together they represent a large variety of fertilizer materials.

1 Rev, Chim. Analyt. Appl., v. (20), 403; Abs. Analyst, 33, 25 (1898).
2 Zischy. landw. Vers-Sta. Ost., 3, 53; Abs. /. .Soc. Chem. Ind., 378 (1900).
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In each case solution was effected by boiling with 30 to 50 cc.
of concentrated nitric acid and 5 to 10 cc. concentrated hydro-
chloric acid. The organic matter was not burned off before the
solution nor was the silica removed by evaporation. The
results obtained are shown in Table A which follows :

TABLE A. RESULTS WITH AND WITHOUT REPRECIPITATION.
Woy's method

Official omitting 21‘1d

No. Description of sample. method. as published.  precipitation.

Per cent, P3O;. Per cent. PoO;. Per cent. PyO,.
1. Mixed fertilizer ..... 11.16 11.13 11.16
2. ¢ e 12.23 12.26 12.27
3. « L 12.95 12.84 13.02
4. ¢ i 11.15 11.26 11,11
5. «“ LN 9.80 9.73 9.60
6. ¢ R 10.84 10.95 10.93
7. “ “ ceee 10.53 10.62 10.70
Average «..o.evviininnn 11.24 11.26 11.26

In these samples the second precipitation demanded by Woy’s
method seems to have been entirely unnecessary. We there-
fore tried the effects of salts of a few of the commoner acids
and bases upon the results obtained by ignition of the first
vellow precipitate. A comimercial superphosphate was dis-
solved as above and its phosphoric acid content determined by
the official method and by ignition of the first *‘ yellow’’ pre-
cipitate. To aliquot parts of the same solution, corresponding
to 0.4 gram of substance, were added the various salts, about
0.4 gram being used in each case. The yellow precipitate was
ignited without reprecipitation. The determinations were not
duplicated as in no case was the deviation from the true per-
centage greater than might easily be due to manipulation of a
new method. The results are shown in Table B.

TaBLE B. EFFECTS OF IMPURITIES.

Sample, Method. Per cent. PoO;. Average.
Superphosphate. Official method. 1826  .....
¢ Ignition of first yellow ppt. 18.14 18.20
‘4 NaNO, « ¢ 1816 ...
‘4 KNO, “ “ 1810 ...,
4 8r(NOy), « ¢ 1831 ...
4 Mg(NO;, ), « « 1821 ...

4 Fe(NO, ), ¢ ‘ 1815 ...

* ¢ 4 Ba(NO;y), “ “ 18.33 ...,
4 (NHA)%SO4 ¢ ¢ 1817 ...
‘¢ <4 NH,CI ¢ ¢ 18.10 18.19

1 Woy found that very large quantities of ammonium chloride interfered with the
precipitation of ammonium phosphomolybdate.
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In carrying out the method it was naturally found that the
precipitate fornied was more granular and more easily washed
if the molybdate solution was added very slowly and with
vigorous stirring. The modification whicl follows seems to us
to combine most of the best features of Woy's and Gladding’s
methods.

MODIFIED METHOD.

To the solution representing 0.2 to 0.5 gram of the sample,
add 235 cc. strong ammonia (sp. gr. 0.9o), neutralize with nitric
acid and then add 5 to 8 cc., according to the inipurities present,
of concentrated nitric acid (sp. gr. 1.42) in excess. Bring the
solution to a bulk of about 150 cc. and a temperature of 50° C.
and maintain at this temperature (conveniently by standing the
beaker in a pan of warm water) while adding, drop by drop
with constant stirring, a neutral 3 per cent. solution of ammonium
molybdate sufficient to give an excess of about 20 cec. Stir
vigorously and allow to stand for about ten minutes; decant
through a porcelain Gooch crucible and wash the precipitate
three times by decantation with 50 to 70 cc. aund then on the
filter with 200 to 250 cc. of a cold solution of one part concen-
trated nitric acid in roo parts of water. Finally the precipitate
is ignited as described by Woy, leaving a residue of
P,0,.24Mo00,.

Suction was employed in the filtration, and in washing on the
filter the precipitate was well stirred up with the dilute acid
wash solution. The neutral ammouium molybdate solution
was employed simply to permit of the direct addition of the
desired amount of nitric acid irrespective of the aniount of the
molybdate solution to be used.

As would be expected in working any new method, a few
individual determinations were found on repetition to be wrong.
Tlhese ‘‘ wild ' results were too high, doubtless from the pre-
cipitation of impurities, and emphasize the necessity of careful,
slow addition of the molybdate solution. Only one sample was
encountered in which the results obtained by the method
described differed by more than two-tenths of one per cent.
from those given by the official method. This was a phosphatic
slag which contained, according to the official method, 17.27 per
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cent. and according to the new method 16.97 per cent. of
P,0,. The final precipitate obtained by the official method
was, however, contanmiinated with iron and this result was thus
undoubtedly too high, that by the new method being probably
nearer the truth. These results on this sample are therefore
omitted from the table which follows.

Table C below shows the results obtained by Woy’s method,
omitting the second precipitation, and by the modified method
described above, together with the results obtained by the
official method. The samples are numbered in the order in
which they were analyzed.

TABLE C. COMPARISON OF RESULTS.

Per cent. PO, found.
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No. Description of sample. ) 53
1. Mixed fertilizer ....ovvvvenn. 11.16 1116 ...
2. “ e, P 12.23 12,27  eeess
3. O e e 12.95 13.02 ...
4. e R R TR 11.15 II.IT eeues
5. L P 9,80 9 60 ..
6. o i e, 10.84 10.93  seees
7. O i s 10.53 . 10.70 eeees
8. Acid phosphate.............. 18.26 18.14  ....n
9. Mixed fertilizer ............. 14.90 14.91 ...
10. o i PN I11.21 11,27  eeees
11. o e 13.75 13.66 ...,
12. O i e 11.44 11.54 I11.45
13. L 17.55 17.57 17.42
14. Steamed raw bone........... 32,34 .een- 32.32
15. Natural soft phosphate ...... 20.80 ceres 20.92
16. South Carolina phosphate.... 27.60  ..... 27.74
17. Florida phosphate........... 29.76 ..., 29.76
18. South Carolina phosphate.... 27.92  ..... 27.80
19. Basic slag phosphate ........ 17.77 e 17.67
Average, NOS. I tO I3 +evrveer 12.75 1276 ...
Average, Nos. 120 19 ++-v... 23.15  eeeen 23.14
CONCLUSION.

In all of the twenty samples examined, which represent a large
17-22
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variety of the common phosphatic materials of the fertilizer
industry, the determiination of phosphoric acid as phospho-
molybdic anhydride was found to give satisfactory results even
without a reprecipitation of the ammonium phosphomolybdate.

The presence in considerable quantity of sonie of the coninion
acids and bases was found to be without appreciable effect.

With either modification of the method the average result
obtained on all the samples analyzed was practically the same
as that yielded by tlie official methiod which would seem to
indicate that such wvariations as occur are due mainly to
manipulation.

By the niethod described a deterniination may be completed
in much less tinie than by any other gravimetric method with
which we are familiar but in handling several samples simulta-
neously, the saving of time is less apparent.

COoLUMBIA UNIVERSITY, NEW YoRrRK CITY, July, 1900.
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N apreceding communication' on this subject it was meutioned
that sodium methylate reacts with the dibromides of certain
uusaturated ketones of the general formula,
R—CH=CH—CO—CH,,
yielding 1,3-diketones of the formula,
R—CO—CH,—CO—C.H,.
Thus benzylidene acetophenone dibromide was readily converted
into dibenzoyl methane, and anisylidene acetophenone dibromide
was found to give a 1,3-diketone analogous to dibenzoyl methane,
and called anisoyl benzoyl methane. It was suggested that the
formiation of these diketones from the dibromides of unsaturated
ketones was accomplished by the production of unsaturated
ethers,
R—C(OCH,)=CH—CO—C,H,,

1 Pond, Maxwell, and Norman : This Journal, 21, g55.



