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AN ARSENATE-CERIOMETRIC 
DETERMINATION OF MAGNESIUM 

Introduction 

The gravimetric determination of magnesium as 

magnesium ammonium arsenate has been known since 1846 (3 ). 

The precipitate is ignited and weighed as magnesium pyro

arsen te. Since the manipulations required in the dry

ing, igniting, and weighing of this precipitate are 

tedious and lengthy, it was desirable to develop some 

method which would eliminate them. Considerable work by 

many investigators has been done on this problem. 

In 1915 Valentin (13) proposed a titr1metrio 

method tor the determination or magnesium which con

sisted ot a precipitation of magnesium ammonium arsenate 

with an excess ot standard arsenate solution, reduction 

or the excess arsenate with potassium iodide, and titra

tion of the liber ted iodine. 

In 1935 Daubner (4) proposed a similar method 

using sulfurous acid as the reducing agent and titrating 

the arsenite solutio·n with standard iodine solution after 

expulsion of the excess sulfur dioxide. It was thought 

tlilat an improvement in this method could be accomplished 

by using eerie sulfate as the ti tra.nt instead of iodine. 

This would be a decided improvement bee use none of the 

instability encountered in iodine solutions is met with 
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in the case ot et ndard solutions ot eerie sulfate. There 

re added advantages that the indio tor is stable whereas 

starch solution, tor iodine titrations, is not. In addi

tion the end point ot the titration is more easily de

tected than is the case in the arsenite-iodine titration. 

In 1941 Collins (2) proposed a reduction or the 

arsenate solution by distillation witk hydrazine sulfate 

and titration ot the volatilized arsenous chloride with 

eerie sulfate solution. Even with this improvement, 

however, there still remained the tedious necessity ot 

slow reduction ot the arsenic with hydrazine sulfate. 

In 1947 Villamil (14) presented a method tor the 

reduction ot le d areen te using red phosphorus and io

dine solution. This suggested a means by which a more 

r id reduction ot the magnesium ammonium rsen te solu

tion could be accomplished . 

The object of the present work was to develop a 

method tor the determination of magnesium by a combina

tion ot the best rocedures alre dy mentioned. A method 

will be presented consisting ot a precipitation ot magne

sium ammonium arsenRte, reduction or the arsenate solu

tion to the trivalent state with · red phosphorus and io

dine solution, and oxidation or the arsenic back to the 

pentavalent st te with standard eerie sulfate solution. 

It will be noted that the method is an indirect. 
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titr1metr1o one which employe no drying, igniting, or 

weighing or a precipitate as would a gravimetric determi

nation. 
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Theoretical Consider t1ons 

The determination ot magnesium as presented in 

this discussion consists ot thr~e main steps; the re

cipitation ot m gnesium, the reduction or arsenic to the 

trivalent state, and the titration with eerie sulfate 

solution. These three steps will be considered in order 

ith regard to the theory involved. 

The precipitation is made in manner similar to 

the precipitation o·f magnesium ammonium phosph te in the 

familiar gravimetric determination and is subject to the 

same errors. Magnesium ammonium arsen te is .precipitated 

from a strongly ammoniacal solution 1n the resence or 
ammonium chloride by disodium arsen te. No met ls other 

than those of the alkali group may be present, since 

arsen tes of almost all other metals are precipitated in 

ammoniacol solution . The conditions or the precipitation 

must be carefUlly co~trolled it consistent results are to 

be obtained. The composition ot the recip1tate formed 

de ends upon the conoentre.tion of the mmonium and hydrox

ide ions present and the time and temperature involved in 

the prec1nitat1on (2). Although the solubility of magne

sium ammonium arsenate decreases ith increasing concen

tration ot ammonium hydroxide, too high concentration 

results in the formation or some trim gnesium arsenate, 

Mg3(As04) 2 , which has an arsenic to mngnesium ratio of 
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two to three. Th1s re ults in an error as an arsenic to 

magnesium ratio of one to one is desired. Furthermore, 

the concentration or .mmon1um ion is 1m ortant, bee use 

it an excess i s present, formation ot monompgnesium 

ammonium arsenate, Mg(NH4)4(As04) 2 , results in an arsenic 

to ms.gnes~um ratio or two to one. However, a certain 

amount of ammonium ion is required to prevent prec1 itation 

ot m gnes1um hydroxide. Since an arsenic to magnesium 

r tio or one to one is desired, it is e sily seen that the 

conditions of precipitation must be at ndardized within 

certain limits. 

The equation for a correct pr-ec1p1tat1on is a.s 

follows: 

Mg+~ NH OH HA ~H+ 4 ~ Na2 e04 + J 20 

--->~ 2Na+ + MgNH4As04•6H20 

The reduction of the arsenate solution to the 

trivalent state with iodine and red phosphorus is merely 

a new anpl1o tion of an old method tor reducing organic 

compounds. Bernthsen (1) states that reduction with 

hydriodio acid and phosphorus was first introduced by 

Berthelot and that the reducing otion is attributed to 

the decomposition ot hydriodic acid into iodine and n s

cent hydrogen. When hydriodic acid is used alone, the 

liberated iodine interferes by acting s n oxidizing 

gent; thus red phosph~rus is added to combine with the 

iodine immediately e.s it is liberated from the hydriodio 
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eid. Phosphorus triiod!de is formed, which ie decom oeed 

by the water present, to yield hydriodic aoid and phos

phorus c1d. 

The equations tor the reactions involved in the 

reduction are s follo s: 

JAs04
8 

.._ 6HI + 2P -->~JAsOJ• ..- JH20 + 2PI3 

PI3 t JH20 > )HI + H3POJ 

Before titr ting the arsenite solution with eerie 

eulfat~ any excess iodide must be removed s oer1o sulfate 

1s reduced by potassium iodide. The iodide is precipita

ted as silver iodide with silver nitrate. Since excess 

silver ions in the solution precipitate halides if iodine 

monoohloride is used a a catalyst in the final titration, 

all excess silver ions must be removed by adding a small 

excess of hydrochloric cid. Atter filtration, the solu

tion is titrated with eerie sulfate. 

The equation for the titration is as follows: 

The action or iodine monoohloride as a catalyst 

in the titration is not well understood at present (9,12). 

To insure rapid oxidation by the eerie ions the tempera

ture or the solution must not be llowed to drop below 

50° C. during the titr tion . Osmium tetroxide may be 

u ed s oat ly t t room temperatures. Th1s catalyst 

is easier to pre re nd use, but is much more expen 1ve. 
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!he indicator used w~s ortho-phena.nthroline ferrous oomplex. 

The acidity of the ~olut1on should be close to two molar 

because lol<~ ao1d1 ty results 1n a slow oxidation and a 

correspondingly alllggiah end point (12). 
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Preparation And Standardi~ation Of Solutions 

Asenous Acid Solution, 0,1000 N. was pre ared byI 

dissolving 1.0003 grams or ure, dry arsenic trioxide in 

100 ml. or distilled water and 10 ml. or concentr ted 

sulfuric acid . The solution was boil d until 11 of the 

asenous oxide was dissolved, cooled, rinsed into a 250-ml. 

volumetric flask, and diluted to the m rk. This solution 

w s used tor the standardization ot both the 0.1 N. iodine 

nd 0.1 N. eerie sulfate solutions (7). 

Oer1c Ammonium Sultl!.te I 0.l N. This salt l'Tas used 

in preference to eerie sult te itself because it is more 

e sily dissolved. For each liter or solution desired, 

28 ml. ot conoentr ted sulfuric nc1d were mixed with 

enough distilled w ter to give a volume of 500 ml. Then 

64 grams or eerie ammonium sulfate dipydr te were dis

solved in the solution. and the solution was allowed to 

at d overnight to permit any insoluble m tter to settle 

to the bottom. The liquid w s filtered if necessary. 

This solution w a 0.5 molar with respect to sulfuric acid 

(10). 

This solution s st ndardized against the ar

senous acid solution . From a burette, 25 ml. of ar enous 

aoid solution were run into ~ 500-ml. Erlenmeyer flask. 

The solution ~s diluted to 200 ml . with distilled water 

and warmed to 60° C. Then 25 ml. or concentrated 

http:Sultl!.te
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hydrochloric acid, ? ml. of 0.005 M. iodine monochloride, 

nd two drops ot 0 . 025 M. ortho-phenanthroline ferrous 

complex were added, and .the solution was titrated with 

cer1o sulfate solution to a pale blue end point. 

Iodine. o •, .l .N • ., was prepared ·by dissolving a.pprox

1m tely lJ grams of 1odine and 2.5 gr me of potassium 1o&m 

in 50 ml . or water , decanting from any sediment into a 

1000-ml . volumetric flask, and diluting to the m rk with 

reeently distilled water (7) . 

Tnis solution was also standardized against the 

arsenous acid solution . . From burette i 25 ml . ot arsen

ous acid s<llut1on were rneasured into a 250-ml, flask and 

diluted to 200 ml . '!'hen about s grams or sodium bicarbon

ate were cautiously added a.nd the solution t-1a.s titrated 

with the iodine solution •. adding starch as 1nd1eator only 

towards the last (7). 

Sqdium .&ra~nate, O.,l N.•, w o prep ~ed by d.iaaolv

ing 20 . 0613 grams of d1sod1um arsenate, Na2HAe04·l2H20• 

in 500 ml . of distilled water. !he aolut1on ~ras trans

ferred to 1000-ml. volumetric flask and diluted to tbe 

mark. Portions of 2.5 ml. of this sol-ution were used for 

the analysis of arsenate in the first step of the exper

imental procedure . 

Sodium Arsenate for use as .th.e precipi ta.nt was 

prepared by dissol-ving 50 grams of disod1u.m arsenate, 

NazHAa04·l2H20, in distilled water and diluting to 
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250 ml. This solution contained the equivalent of approx

imately 1 gram or trisodium arsenate, Na3As04, per 10 ml. 

ot solution. 

Ammonia 1vaah Water , 2. 5~, was prepared by diluting 

39.6 ml. of 28% ammonia to 400 ml. with distilled water. 

Iodine Monoohloride, 0.005 M. I for catalyzing the 

reaction be~teen arsenite and eerie ions, was prepared by 

dissolving 10 grams of pot assium 1~d1de and 6.74 grams ot 

potassium 1odnte in 90 ml. ot distilled water a nd 90 ml. 

ot oonoentr ted hydrochloric aoid. Then 5 ml. or chloro

form were added and any red oolor in the chloroform was 

removed by adding 0.005 M. potas s ium iodate dropwise 

until the color beoame very faint. Ten milliliters ot 

this solution were diluted to one liter (10). 

Ortho-Phena.nthrol1ne Ferrous Comolex, 0.025 M. I 

was prepared by dissolving 6.95 grams of crystalline 

ferrous sulfate in 1000 ml. of distilled 1ater , adding 

14.85 grams of ortho-phenanthrol1ne monohydrate, and 

stirring until solution was complete. One drop of this 

solution serves for a single titration in a. volume of 

l00-150 ml. (11) . 
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Experimental Procedure 

Early in the investigation it was found that 

consistently high results were obtained. In order to 

determine their oe.uae it was decid~d that the method 

should be studied by carrying out the reduction and titra

tion on an arsenate solution and compP.ring the results 

with those obtained by a known standard method and then, 

using a sample with a. known magnesium content, precipi

tating magnesium as magnesium ammonium arsenate and de

termining the percentage of magnesium by reduction and 

titration or the resulting arsenite solution with oerio 

sulfate. 

The investigation was conducted by reducing 

aliquot portions of 0.1 N. sodium arsenate solution with 

red phosphorus and iodine solution. The resulting solu

tions were titrated with both iodine and eerie sulfate 

solutions . The purpose of this we..s to compare the iodine 

and eerie sulf te solutions as standard oxidants. It was 

also ot some aid in determining it' all ions which would 

interfere with the use of eerie sulf te were removed. It 

w s found that all iodide ions should be removed by pre

cipitation as silver iodide with silver nitrate. It was 

also necessary to remove the excess silver ions by pre

cipitation s silver chloride with dilute hydrochloric 

acid. This procedure was unnecessary if the final 
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t1tr t1on was m de with iodine solution. In either case 

since it was necessary to remove the excess phosphorus 

from the solution, no extra filtration was required to 

remove the silver halides when ceric sulfate was used. 

Equally good results were obtained with either iodine or 

ceric sulfate solution, but for a larger number of runs 

the precision with eerie sulfate was somewh t better. 

The results obtained from these procedures were 

compared with results obtained by reduction with pot~s

sium iodide and titration or the arsenite solution with 

stRndard iodine solution. From a burette, 25 ml. of 0.1 

N. sodium arsenate solution were measured into a 250-ml. 

fl sk and heated to about 80° C. Then 10 ml. of concen

trated hydrochloric acid and 1 gram of potassium iodide, 

weighed to ! 0.1 gram, were added to reduce the pent val

ent arsenic to the trivalent state. The solution was 

allowed to st nd 10 minutes and then diluted with 15 ml. 

of water . Sodium thiosulfate w s added carefully from 

a burette until all the free iodine w s reduced. The 

solution as allowed to stand for 5 minutes longer and if 

iodine color reaupeared, more thiosulfate was carefully 

added until the iodine color Just disappeared. Then 15 

grams of sodium bicarbonate were added as rapidly as 

possible without loss by ettervescenoe, and the solution 

was titrated immediately. with 0.1 N. iodine solution, 

adding starch as indicator only towards the last (7). 
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Obtaining consistent results was muc more difficult by 

this method. 'l'he precision w s also poorer than th t ob

tained with the oeriometric method. However, oomp rison 

ot the ~esults obtained by the two methods was very favor

able. This indio ted that tae high results were not due 

to the reduction of arsenic by the phosphorus-iodine 

method. 

The next step in the investigation w s to study 

the preoi it tion of magnesium as magnesium ammonium ar

senate. This w s probably the most delic te point in the 

method. Much time was anent in the study of conditions 

and procedures for the precipitation. All attempts at 

varying the conditions or the preo1p1tat1on roduced no 

determinA.tion of magnesium in which the results were not 

high. Table I lists the recommendations made by Collins 

(2) in an improvement on a study of the optimum conditions 

tor precipitation by Dick (5). 

Table I 

Conditiona For The Preoipitation Of Mg Ht,ASOIJ.· 6Hz0 

\tie ight of Mg sample - - - - - - 0.2 gram
Total volume or solv. - - - - - - - - - 75 ml. 
Weight of NH4Cl - - - - - - - - - - - 3 - 5 grams
Weight ot precipitant - - - - - - - - - 0.5 gram Na3As04 
Volume· or coned . NH40H(28%) - - - - ~ - about 20 ml. 
Temperature ot precipitation - - - - - room temper~ture
Time ot precipitation - - - 90 minutes 
Composition or wash water - - - - - 2.5>( NH3 
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Since the first results obtained in the develop

ment of the present method were consistently high, studies 

were carried out to check on cert in of Dick 's .and Coll1n1e 

findings. 

High results would seem to indicate an arsenic to 

magnesium ratio of more than one to one. Since too high 

a cone, or ammonium ion results in the formation of mono

magnesium ammonium arsenate, which would produce a higher 

ratio of arsenate to magnesium, the amounts of ammonium 

chloride were varied. Amounts of mmon1um chloride less 

than three grams o used the for tion of m gnesium hydrox

ide while no magnesium ammonium rsenate was tormed. 

Therefore, three grams of ammonium chloride were chosen as 

the minimum amount necessary to insure the complete pre~

it tion of magnesium ammonium arsenate . 

The time of precipitation wa.s also varied to see 

if the method could be shortened. Preoipit tion seems to 

be complete within 45 minutes, but better recision is ob

tained if the time is extended to 50 or 6o minutes. 

As high results were still obtained, the eerie 

sulfate soln. w a st ndardized against a sample of known. 

magnesi.um content. Excellent results were obtained when 

this procedure wns employed. 

It was decided that the ratio or arsen te to 

magnesium 1n the compound, MgNH4As04, was not one to one. 

http:magnesi.um
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This could be responsible ~or the high results obtained 

using eerie sulfate not teJ~dardized against magnesium , 

although arsenate occlusion 1a possible. It may be 

added that Ooll.ins (2) obtained high results by gra\'1 ... 

metrie procedures w1th magnesium ammonium arsenate. 

The det 1ls or the preQ1p1tat1on and subsequent 

treatment tor t1tr1metr1o analysis will be presented 

later . 
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Experimentnl Results 

The results or the determination of arsenic in 

the sodium arsenate solution by the method de cr1bed are 

shown. in Table II, together with the values obtained by 

the potassium iodide method of reduction. 

Table II 

Comparative Results For Methods 
Of Determining Arsenic 

KI Reduction Method p and Iodine Reduction Method 

As2o
3by 

iodine 

As2o3by 
eerie 

sulfate 

Dev. from 
P-V • value 
of A.O.A.~. 
method 

As2o3by 
iodine 

Dev. from 
v. value 

of A. O.A. C. 
method 

% % % % % 
)2.19 32 .18 +-0.00 32.17 -0.01 
32.24 
32.21 

)2 . 21 
32 . 20 

..0.03 

..o.oz 
32 . 23 
32.21 

..o.os 
+-0.03 

)2 . 23 
32 .13 

32.21 
32 .18 

+0.03 
±0.00 

32.2:3 ..o.os 
)2 .11 
32.13 

)2 . 20 
)2.16 

+0.02 
-Oe02 

Av .. 32 .18 ±o.os 32 .19 ~0.02 32.21 :t:O.OJ 

The first column gives the percentage of As2o3 as 

determined by the official A.O.A.C. method using otassium 

iodide as the reductant. This value is used as the basis 

tor comparison. The second and fourth column s give results 

obtained by the proposed method using eerie sulf te then 

iodine as titr nt . 
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The r-eaulte or the determin t1on ot Dll'.gnea1ttm 1n 

tota- etud.ent t'tntnpl&s 'by the proposed ce~1ometx-1o f!lethod 

nre hown :1n T ble Ill, togethe,_. w!l.tb th values obtf.lined 

by the t"atntl1,.r vavlmetr1c d t ertntnatiorl ae magnesluCJ 

mm~n1.um ph:oflphe.t hex bydr te (8)·. 

Tflbl& III 

Oompa.r . tive Results Fo~ Method 
ot Det~rm1n1ng Mg.gn,e§1U! .• . • • , 

Sample #1 - 10.51~ Ug Sample #2 - 1).12~ Ug
Cet-1ometr1o Hetho4 Cer1om&tr1c Method . 

J!...Hg Dev. Dev; 

10 . 49 ..-.0 .. 02 lj.l) +O.Ol 
10.47 -0.04 13 . 09 -0~0)
10 . 49 -0.02 1).0§ -0 . 09 
lQ .• Sl iO.OQ 13 0. : -0.04 

10.49 :to. 02 -. Avera~es - 1) . 08 ~0.04 

Se. ple #J - 7.75~ Mg 
Ce~1otr4e tt"i¢: Method

! Mg Duv~ 

?.78 +.0 .• 0.) S.29 ..o.o? 
1.77 T0 .-02 e..,l -o.o.s 
7.79 +0.Q4 8. 26 -Q,.lO 

... z.zz +Q,OG §.?5 -() .. ll, 

?.78 ~o . 03 - Averag 1J .... s..ze t:o.oe 

The oe:ric sulfa.te solution w s stftnd~ardited ng&Jnst 

a s mple ot known magnesium oontent. 'l'he percentages ot 

tnagnes1um determined 1tb ceria sulf'Q.te ste.ndard1zed 

. g 1nst arsenous acid solution were an veXJe.ge or 0.5?% 

higher than thoae obtatned w1tll. ceJ-1c s\lltate· etandl\t-t1... 

1zed e.ga!.nst magnesium. 

http:veXJe.ge
http:sulf'Q.te
http:sulfa.te
http:mm~n1.um
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Recommended Procedur For 
The Determi~at1on Of Me~nee1um 

Solution ot Sample. Weigh a 0.2-gram sample and 

dissolve it in 50 ml. of distilled w ter in a 250-ml. 

be ker. If the sample does not dissolve readily add one 

or- two drops ot concentrated hydrochloric acid. 

Precipitation. Add J grams ot ammonium chloride, 

5 ml. or the disodium arsenate solution, and from a bure~, 

20 ml. of 28% ammonia solution slowly with stirring. Con

tinue to stir for an additional five minutes and then 

allow the preoipit te to settle for one hour at room 

temperature. 

F11tratio n. F'ilter the . contents of the beaker with 

the aid of suction on a Gooch-Asbestos filter. Refiltra

tion is usually necessary for good precision. The 2.5% 

ammonia solution is used for transferring the adhering 

precipitate from the beaker to the filter. \tlhen all of 

the precipitate has been transferred, continue washing 

with dilute ammonia solution until the washings no longer 

give a test for chlorides. The chlorides will not inter

fere, but all of the excess arsenate solution must be 

removed. 

Reduction. Dissolve tbe precipitate and trans

fer the resulting solution and asbestos to a 250-ml. 

beaker witA 2 ml. of dilute sulfuric acid and 25 ml. of 

distilled water. Add 5 ml. of concentrated sulfuric acid, 



19 

2 ml. of 0.1 N. iodine solution and about 0.3 gram of red 

phosphorus. Boil the solution gently for three to four 

minutes making sure the hosphorus is kept from collect

ing on the surface ot the solution and the sides of the 

beaker. In order to remove any rems.1ning pot ssium iodide, 

to the hot solution dd 5 ml. of a 2% solution of silver 

nitrate followed by 2 ml. of dilute hydrochloric oid to 

recipitate the excess silver whic would interfere with 

the subsequent titration. 

Filtration. After allowing the silver halides to 

coagulate for a few minutes, filter the solution through 

a Goooh-e.sbeetos filter, wash the residue well with dis"" 

tilled water and dilute the filtr te to 200 ml. 

Titration. Atter heating to 6oo C., add 25 ml. 

of concentrated hydrochloric acid, 7 ml. of iodine mon~-· 

chloride, and two drops of ortho-phenanthroline ferrous 

complex to the solution and t1tr~te with 0.1 N. eerie 

sulf te solution. The change at the end oint from pink 

to yellow-orange to colorless should last for one minute. 

The eerie sulfate solution must be added moderately 

slowly. A recommended speed is that ot about 20 ml. per 

minute. Osmium tetroxide may be used as an alternate 

catalyst as mentioned previously. The titration is then 

carried out at room temperature, and the change at the 

end point is from pink to pale blue. 
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Discussion 

The method developed is capable of giving results 

which compare f vorably with any of the better methods 

for determining magnesium. It involves no drying, ignit

ing, or weighing of a precipitate and, therefore, re

quires leas time than does the gravimetric- hosph te 

method. The precision and accuracy are equal to and in 

most oases superior to iodometric methods involving a 

reduction of the magnesium ammonium arsenate. In addition, 

the standard solution and indicator are stable over a much 

longer period. The procedure and apparatus are simpler 

and less time is required than by the Collin's distilla

tion method (2). In comparison to the method of precipi

tation by 8-hydroxyquinoline followed by titration with 

eerie sulf te (6), the proposed method is more reliable 

and the precipitate of magnesium ammonium arsenate is 

more easily formed and hendled. 

There are, of course, some ch noes for errors, 

but these can be avoided by careful work. The conditions 

of precipitation must be carefully controlled and much 

care must be exercised in wa shing and transferring the 

precipitate prior to the reduction. The results, when 

eerie sulfate is standardized against arsenic, are con

sistently high showing that some sort of empirical error 

is involved in the precipitation. However, when the 
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eerie sulte.te is ste,ndard1zed against magna sium, oonsi a

tent and ·accurate results ere obtained. The cause for 

obtaining high results provides n interesting probl m tor 

future study. 

The average precision or the determination, from 

'.l'able III, 1a about ~0.02% and the ver ge accuracy is 

about •o~o4%. 

http:sulte.te
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Summary 

An araenate-eeriometric method has been developed 

tor the titrimetr1c determin t1on ot magnesium. The me~ 

de ends upon the formation of insoluble magnesium ammon

ium arsenate in &n ammoniacal solution, reduction with red 

phosphorus and iodine solution followed by filtration and 

t1tr tion ot the reduced solution with stand rd eerie 

sulfate solution. Results obtained by the method compare 

faTorably with those obtained by the usual gravimetric 

methode. The advantages over the gravimetric, iodometrio 

and other methode have been indicated. 
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