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o INTRODUCTION

This investigation was undertskem to study, in & preliminery

~ way, the effeet of preeipitating triesleium phosphate in the

}ruiﬂnea of manganous salts.

Certain faets im relation to manganese defieieney in the diet

of fowls, giving rise to perosis, makes the problem of interest im

view of the work carried out at the Agrieunltursl Experiment Station

‘at Colorado State College.(3). It has been known for @ lomg time
~ that & diet high im ealeiun produces perosis which esm be correeted

by peritomeal injection of manganese.(1l). ©C. D. ¢askey and L. C.
Horris (2) have found that in the presence of large smounts of
ealeium and phosphate, perosis ean be induced even when the mange-~
nese is considerably imeremsed in the diet. It is knowa thet tri-
ealeium phosphate dissolves in the upper intestinal tract and pre-
eipitates again im the lower traet.(3). This suggests that im
preeipitating, the tricaleium phosphate removes the -aasaauno
either im a solid solutiom, in chemiesal gombination, or by some
form of go-precipitation.(4). These possibilities san be investi-

€ated by phase rule studies.(B).

Some work has been dome by H. 5. Wilgus and A. R. Patton (3)

in vitro inm the removal of mauganese with triesleium phosphate and

ferrie chloride solutions.

EXPERTMINTAL

Phe trieeleium phosphate available was & gommereial produei.
of this produmet should be carried

v i S

It was thought that sm snslysis
out to be sure of its composition.
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The standard proeedure of removing the ealeium by preeipitating
as galeium oxalate and thenm titrating with a standsrd solutiom of
potassiom permsnganste was used.(6). In this process it was found
| that bollimg the solutiom with HyS50, previous to titrationm hastened

dﬂ}ntion. but if filter paper were used to e¢olleet the esleium
: Omah, the permenganete solution appsrently oxidized some of t,kit
vPﬂner &t this high tempersature &s high results were obtsined. M
- Gooeh erueibles were substituted for filter peper, comsistent re-
sults were obtained.

In determining the phosphate the filtrate from the caleiunm
oxalate preeipitation was trested with magnesia mixture and made
alkeline with ammonium hydroxide solution.(7}. The preeipitate,
MglH, PO, 6H,0, was ignited in = poreelain erucible to MgyPg0, snd

weighed as such. The results were mot eonsistent. In the presemce

of the oxalate, the megnesium smmonium phosphate appsrently re-
moved & econsiderable smount of oxalate. The ignited preeipitate
hed & dark gray sppesrance snd was matted together.

‘ In comneetion with the ignition of the erucibles to constant
welght, an interesting experience eame up. The cooling of the
erucibles in the desiceator requires some tim~ amd 1t wes thought
that by setting the desiceator at am open window, the process
eould be hastened. The weight of the erueibles could mot be made
to check. Some typieal results are givem. The eruecibles were
heated over s Meeker Burmer for fiftecn minutes snd eooled for

forty-five minutes between suceessive welghings.

Crueible Crueible Crueible
2 3

fie £ mc‘m £fe 30.435‘ e 20,4832 R
- 20.7906 em,  20.7897 gm.  20.7909 em.
20.7548 Fa ™ 20,7906 £m. 20.7917 €8,
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When the d&aic&aﬁor is placed im the room and the eooling
period extended to ome hour, Suecessive weighings agree within
«0002 - ,0003 gm. :

The explanation of the diserepamey in the first case is, 1
baliava, undereooling of the erueidle below the room tanperstnrt.
‘!itk the result that water condemses om the erueible.

in order to be sure thst the smalyticsl procedure was relisble,
1t was deeided to amalyze = Solution containing known smounts »f
~@aleium and phosphate in the same proportion as in triealecium
phosphate, e

 Caleium sarbonate wes obtained pure, &8 Ieclamdspar and &
welghed amount dissolved in hydrochlorie seid. A known smourt
of ealeium gould essily be obtained by uaasﬁrilc out & volume of
this solution.
The phosphate solution was obtsined by diluting phosphorie

o .

2eid and was standamized as follows, A standard solutiom of
hydroehlorie aeia was prepared amd & solution of sodium hydroxide
Standardized sgainst this. The phosphorie scid was them titrated
with this sodiom hydroxide solution.{7). ‘The first hydrogesm is
removed at the methyl orange end point and the second at the
phenopthalein end point.

Twenty~five cubie centimeters of the csleium chloride
Solution eontaining .#95# gus, and 25 eubic centimeters of phos-
phorie seid solution containing .3261 guws of phosphate were mixed
for anslysis. ©The ealeium was determined as previously deseribed.
The phosphate was first preeipitated as ammonium phosphomolybdate (7)
then redissolved and preeipitated as magnesium smmonium phosphate
and weighed as the pyrophosphate.

The analysis gave the following satisfactory results:
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Ca present «R967 gnm. <2967 gu.
Ca found 2970 « 2976
20, present 326 <5261
PQ‘ found 3274 5268

The same procedure was followed in snalysing the commereial
sample of tricaleiunm phasphafé. 'Fne sample was dried st 120°
cantigrade for & period of three hours. The loss om &gnitloi'
wes also determined on the dried aéhgle.‘ The anslysis 8".,

the ikiiewiag results.

¥ % 2
Ca0 found - 45.715% 45,83%
2,0, found 44.47% 44.80%
Loss om ignition 8,34% : .37%
Cale. for Ceg(P0,)s &l
csd 54.228
Pl 45.82%

Evidently the comsercisl sample is heavily contaminated with
other ealeium phosphates.(2). ‘

In order to prepars the pure triealeium phosphate, con-
sidersble time is reguired (10}, so we proceeded to preeipitate
the caleium phosphate in the presemee of & mangamous salt from
‘2 solution eontaining known smounts of csleium chloride smd phos-
ﬁorié seid. A solution of MnCl, was used as a source of

mangenese.

PH POR COMPLETE RPRECIPITATION OF CALCIUM PHOSPHATE

A preliminary experiment was undertakem to detemmine the ZH
at which a1l of the ealeium was preeipitated from & solution of
ealeinm and phosphste ious.
| Pifty cubic eentimeters of phosphorie aeid solution contein-
ing .3261 gme. of phosphate (P0,) and 5O eubie eentimeters of



esleium chloride solution containing 2967 gms. of saleium were
mixed and the PH tnke# ﬁsing the Beckmen PH meter. The PH was
found to be 1.13.

It might be well to point out that sertaim presautions are
necessary in the use of the Eeéknan PH aater to obtain repro-
dueidle results. “he calomel slectruds should be uada up with
oﬂrem eare and only & small maat of calomel should be de-
posited on top ot the naruurw. If too large a guantity is used,
the mereury sma ealomel will tomd to mix and the readings will
drifg. 4 little practiee in meking up the eell and in the
Operation should be nadartatéi.befcre attempting readings on uan-
kaown solutions., & paekage of Kleemex {sbsorbent tissue psper)
Sffords a good meutral materisl to olesa the elestrodes after

rissing with distilled water.

S The PH of the above solution was changed by the addition of

tenth Rormsl emmonium hydroxide solution and the PH was measured
8t intervals, 4 smnll sample of the filtrate was tested for
¢aloium after eaeh PN determination. A Solution of ammonium

oxalate was used as a test solution. The results are as Tollows:
/ ;

L
PE of Solution Ca Test = PH of Solution Ca Test it
8.73 + 8.30 +
- 9.10 + 9.12 =
9058 ) 9‘00 +
9.48 4+ 9.32 o+
9.28 - 9.45 =

In Table 1, the first four determinstions wers carricd out
Consecutively. The solution was left standing for two days and
them the PH was determined. A drop im the PH was noticed and a
Regative test for caleium was obtained.

In Table 2, the first two determinations were oarried out

Gonseeutively. The solution wes left standing for ome day and



then the PH was determined. A drop in the FPH was noticed
and = positive test for caleium was obtained. The PH was then
reised t0 9.22 and & positive test was still obtained for
ealeium. liore mmmonium hydroxide was added amd the solution
left standing for suother Auylr Then the PH was determined smd
found to be 9.45 with a negative ta;t.tar ealeium, ’

Thess dsta show the £s11 in PH on standing which was motieced
by H.7.S, Britton.(11). fThey show furthermore thet caleium |

phosphate is not at 'oiﬂa wnplatﬂ.y pzen&.pitam even at%t 8 PH
above 9,

| PRECIPITATION OF MANGANOUS HYDROXIDE e

in experiment was undertsken to determine the PH at whiech
mangamous hydroxide is preeipitated. Fifty ouble centimeters of
0.1¥ (tenth mormel ) msnganous ehloride solutiom was itrated
with 0.1H (tenth mormel) ammonium hydroxide solution. The
results are tabulated.

¢ ¥H,0H PH GG BH,O0H 3
_#4de§ of Solmtion  _Aaded = of Solution =
0.09 6.56 12.58 8.“
0.07 7.83 28,32 8.80
0,12 7.99 27.32 B.93
0.82 8.10 32,52 9.03
0.34 8.19 7,52 9,18
0.43 8.08"% 42,32 9.22
2,82 8,30 50.00 9,40
7.32 8.51 55,00 9,43

“First turbidity appeared.
A plot of these data 1s givem on Curve #l. It was noticed that
the memgenous hydroxide resdily oxidised to the higher velence

and beeame ¢olloida)l om stending ten or twelve hours,



Pwenty-five cubic eentimeters of 0.1 mangsmous chloride
snd 26 cubie eentimeters of O.1H phosphorie asid were mixed and
titreted together with O.1N amsonium hydroxide solution. The

 results are as follows:

¢ HH,O0H PR ;
Added of Solution =
0.00 . :
.00 . - 2.25
4,00 o
6,00 ! 5.13*

*#irst turbidity appeared.

. Hun fz

GC ER,0H PH CC NWH,OH PH

_*513___ of Solution Maag of Sclution
0.00 ~ 1.98 8,00 4.96
2.00 .21 10.90 4.81
4.00 2.76 ~ 18,00 5,08
4,50 3.06 , 14,00 5,76
5.00 5.8% 20.00 8.72
5.60 4,20 25,00 9.02
6.00 5.18% 30.00 .18

*First turbidity appeared.

These results are plotted om Curve #l.

At this poiat, it was thought thet preeipitating manganous
ion with phosphate ion in the presence of ammonium Mroxidc
might form the msnganese ammonium phosphate (MmiH P04). The
precipitate was washed free of the filtrate containing
amzonium hydroxide snd tested im the ususl way with sodium
hydroxide for ammonis. The test was positive.

" With this informetion in mind, & solution of 25 cubie

¢entimeters of 0.1 memgemous chloride solutiom snd 25 eubie



¢entimeters of 0,18 phosphoric seid solution were titrated
with 0.1¥ sodium hydroxide. The results are tabulated.

€C Hs0H PR , CC HaOH PR
Added of Solution Added  of Solution
0.00 1.89 25.60 5.35
3.00 2,10 25,00 5.89
6,00 2.46 27.00 6090
9.00 4,30 29.00 9.40
11.00 6.18* 31.00 10.20
13. 00 ‘.88 55.@ : 1@-“
15.00 4,70 35.00 10.85
17.00 4.78 37.00 10.99
19.00 4,90 39.00 11.00
n‘ao 5. m

*PMirst turbidity appoared.
These data are plotted im Curve #2.

This curve doces mot differ significantly from that for
the corresponding titration with #H,0H exeept that the final
PR 1s higher dme to the strong base

Twenty-five cubiec eentimeters of 0.1N caleium ehloride
Solution ang 25 oubic centimeters of 0.1¥ phosphoric seid
Solution were titrated toge ther with 0.1F ammonium hydroxide
Solution. The originel solution was made up to 300 cubie
Gentimeters. The results follow:

CC um on CC NH,OR PH
,A_@g___ of Sclutm sgded of Solution
0.00 1.88 28.00 4.49
1.00 1.89 30.00 6.42
g‘vm 1.90 38.*30 507"
3,00 1.94 36,00 5.82
4.00 1.96 40.00 5.49
6.00 2.01 | 45.00 5.66
11,00 2,11 50.00 5.71
18,00 2,39 60.00 6.78
23,00 2/18 70,00 8.66

*Pirst turbidity sppeared.
These dats are plotted in Curve #1.
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4s compared with manganese phosphate, ecaleium phosphate
begins to precipitate st a somewhat higher PH.

PRECIPITATION OF PHOSPHAPES FROM SOLUZIONS g
CONPATHING CALCIUM AND MANGANESE

A solution eontaining ealcium and bivelent menganese in |
the ratio of three séuivaiuh to one was titrated with 0.1%
sodium hydrex:ldo. Qwenvh-ﬂw eubie contimsters of 0.1N
-angmeu maridc. 76 cubie eentimeters of 0.1¥ ealeium
‘®hloride, amd 100 eubie centimeters of 0.1H phosphoric seid
Were used. The data follows: ‘

0C EsQH PH ¢C HalH PH

_Added  of Solution Added  of Solution =
10.00 1.96 100,00 7.91
86,00 . . 104.00 9.00
40,00 4. 53 106.00 9.50
42.00 5.18° 108.00 9.90
44.50 5.28 , 110.00 10.22
86,00 H.46 114.00 - 10.68
60,00 5.53 116.00 10.66
66,00 B.66 ; 118,00 10,78
70.00 6.76 120.00 10,85
80.00 6.09 : 130.00 u.n
90,00 6.62

95.00 7.02 : i -

*Pirst turbidity appeared. |

The data are plotted in Curve #83.

The mn"ﬂwn muy one break corresponding to the be-
€ianing of the preeipitation of the manganese.

In the next part of our investigstion, calcium phosphate
is to be preeipitated im the presemee of mangenous ion and we
Propose to use vauwu_ ratios of manganese to calcium,
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The filtrate required for mangsnese to determime if the
manganese was removed from the selutiom by the aaieiwn phosphate.
Two simple tests were at#iiabla. the lead dioxide test and
the sodium bismuthate tast.(8). These tests simply depend on
the oxidizing of the manganous ion %o the permangenate. The
semsitivity of the sodium bismuthate test is given as .000006
ém. in 50 cudic sentimeters of solation. Chloride ion interferes
with the sodium bismuthate test.
Known é@nt«ntf&ti@n# of menganous ionm in the presemsce of
»ﬁtXtinn.analyhoaphstc ion were tested with lead dloxide using
& blank control, ﬁhn'relnlta ware satisfactory.
The PH of & solution containisg 26 cubic centimeters of
0.15 mangemous chloride solution and 25 c¢uble eentimeters of
- 0.1¥ phosphorie scid solution was varied hx'tha addition of 0.1¥
'  ~§6€3§3.&;&:5:1¢0'aalutlona - The aiunat of 0.15 sodium hydroxide
 ésqa1red to bring the PH to sbout seven was read from gxujh,§2@
' - ?§héat; follows: | e : |
s .. BB  Pest for ua't | - =
of Solution in Piltrate :
- ' =
7.96
9.08

9.80
ng

P +++ %+

Stending overnight =

On Page 7 it was shown that mangenese phosphate begins to
Preeipitate 2t a PHB.1~B.2. t@? thvo data supplements th§
previous findings. et o |

The PH of & solution contaiming caleium and mangsnese im
the ratio of thres %o one of manganese wes now raised using 0.1H
sodium hydroxide solution. The solution contained 25 cuble
centimeters of 0.1 menganous chloride solution, 75 cubie
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centimeters of esleium chloride solution, and 100 cubie
eentimeters of 0.18 phosphorie acid solution. The lead dioxide
test was used to test for menganese im the filtrate. The

results are as follows:

2H S e M M
of Solution - in Piltrate

7.12 : -

7.78 , +

8.18 ¥

8.61 #

From the sbove dats, it ean be seen that manganese 18 not removed
| eompletely from salution_hyttha preeipitating of eslcium phos-
phste aut 8 dilution of three 1o one.

 The previous tests of the filtrates for mangsnese were
earried out using the lead dioxide test. Since the manganese
oncemtration was to be deeressed considersbly, it was thought
that the sodium bismuthate test should be used to eonfirm the :
lead dioxide test. We 2lso had in mind carrying out some guanti-
. tative determinations of msnganess and 1t was thought thst the
- Sodium bismuthate offered the best possibilities for aceuracy
end speed.(7). Sinee the chloride iom interfoeres with the
‘uantitative and qualitative test ueing the sodium bia-uthat;
iathaa, nitrate solutions were now used.

A molution of the following concentrations was made up“ai&

10 cubic centimeters used for tesis. '

Ma 2.5 X10 °n

Ga 2.6 x10°%
PO, 3 X0 'm
Positive tests for Mn using the lead dioxide and sodium

tic;nth:tc tests were obtained.



. Solutions containing a greater ratio of ealeium %o
manganese were now prepared.

Pwenty-five cubic centimeters of 0.1H ealeinm mitrate
solution, 30 cubie centimeters of 0.18 phosphoric aeid, and
2.7 cubic centinmeters of 0.1V mangenous nitrate solution were
mized and the PH of the solution varied by adding 0.1N sodium
hydroxide solution. The ratio of esleium to menganese was
sbout tem to ome. The lesd dioxide snd sodium bismuthate tests

for Mn were positive as follows:

P Test g?r
of Solution ¥n'
7.1 +
7.8 5
9.2 3

A solution containing B0 cuble centimeters of O.1E ealecium
nitrate, 115 cubie centimelers of 0.1 phosphoric acid solution,
and 1.23 cubic eeatimeters of 0.l mangamous nitrate solution
was used snd the PH changed by the addition of 0.1N sodium
hydroxide solution. A% a FH of 7.02 wﬁ obtained & negative test
for manganese. The ratio of caleium to manganese was about
forty to onme. The original sample before the sodium hydroxide
Solution was sdded, gave & positive test, showing that we had
not exceeded the sensitivity of the test.

IS AHND COMLIHTS

Prom graph #1 it is seen that ealcium snd msnganese phos-~
phate begim to preeipitate at very nearly the same PH. However,
it has been shown that the PH for manganese must be raised to
9.80 and for ealeium to 9.50 before a negative test for these
ions ean be obtained using the tests as deseribed above,

- i
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It was thought that even though caleium snd mengenese
Phosphate evidently are predipiteting together above a PH of
5.72, as shown from Ourves #1 sad #3, the esleium phosphate
eould remove msngamese from Solution by ome of the methods

Previously mentioned. .
This meams that the concemtration of manganese inm solutions

of Pils higher tham 5.72 in the presence of ealcium and phos-
Pphate lons should be less then thet at the same PH with
mangsnons and phosphate ions alome, if the initial concen-
trations of the manganess was the same in both cases,

This point of view eould cxyiuin the inability for
absorption of manganese to take plaes in the intestines in
the proper mamner with a diet high in ealeium phosphate.

OQur experiment shows that galcium does remove manganese

at s PH near 7 when the ratio of culeiumrto menganese is high.
#e chose this particular PH because the intestinal tract,

although slkelime, is mot far from & PH of 7.
In view of these findings, the problem of determining

Some guantitative measurements for phase rule studies was to

be undertaken but time did mot permit.
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