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ABSTRACT

Preparation of Mesoxalie Acid and its Use in the
Separation of Antimony and Tin,

The more important part of the work eonsists of testing
whether mesoxalioc acid could be used as an agent for the
separation of entimony and tin or mot. Since the acid is not
available, and a standard method of 1ts preperation is not
present in Chemicel Reviews, the work hed therefore to inelude
its preparation, Tollowing, is a brief summary of the main
steps conduocted for produeing the acid, and applying it on the
separation.

mmhmmmamw-mormmtm
fumes into mesoxalic ester. 'The ester, after being distilled
under reduced pressure, and after meking several tedious trials,
was finelly hydrolyzed by water and a few drops of eoncentrated
hydrochloriec acid as a catalyst., The soid formed, was separated
by suction, purified and dried.

Several trials were then performed which proved that ‘when
the required quantity of mesoxaliec ecid is added to mixtures
eontaining verying quantities of entimonous end stennie ioms,
alweys stannie sulfide is precipitated and none of antimonous
sulfide. The eompleteness of separation was confimmed
quantitatively,




PREPARATION OF MESOXALIC ACID AND ITS USE IN THE
SEPARATION OF ANTIMONY AND TIN

Antroduction
The idea for the use of mesoxalic aeid as an agent for the

separation of the ions of antimony and tin was suggested by
Dre AJW.C. WNenzies to my sdvisor Dr. We.A. Woest on a private
conversation about the coordination compounds of tin, Dr. WVest
suggested to me that the acid in question is a highly negative
one due to the two hydroxyl groups whieh it holds on its alpha-
carbon atom and bdecause the chain of carbon atoms in this aeid
is not a long one., This being the case, the acid may give a
good enough concentration of mesoxalate ions in solution, %o
form & complex ion with tin as the oxalate ion does, This would
make the acid & useful agent in the separation of antimony and
tin,

The acid deing unavailable on commercial supply, it had to be
prepared from commercially available products as malonio ester.
This part of the work did not prove to be as easy as expected, and
most of the time had to be devoted on it, Vhen the acid was
prepared, the second part of the work was smoothly run over with
promising results obtained.
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The starting material for meking mescxalic seid is diethyl
malonate, The preparation consists of twe general steps:
1= Oxidation of malonic ester into mesoxalic ester, and
2~ Hydrolysis of the ester obtained into the eorresponding aocid.

Apparatus
Set up the apparatus as indicated in the accompanying

diagram,

A= 13 a 500 oo, pyrex filter flask,

B- is a 2 liter three-necked, round bottom flask.
G- is a 500 ce, dropping fumnel,

D~ is a 75 ow, water-cooled buldb condenser
B~ is a large~bore glass tube.

P is a 500 ec, filter flask.

G~ is a drying tower.

H- is a 500 ¢¢. round-bottomed "sight flaskw,
I and J- are 500 ce, absorption bottles.

¥ 1is a trough.

L= is a 500 ec, round-bottomed sight flask.

Chemiocals

Befor® finally assembling the apparatus, the various units
are charged as follows:~-
A is one third filled with water to serve as a bubble counter,
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Funnel C is filled with conoentrated nitric acid. Generator B is
about one quarter filled with dry powdered arsenious oxide.
Drying tower G is filled with anhydrous caleium chloride., A wai
of glass-wool is put in front of the entrance and exit tubes. In
each of the two absorption bdottles I and J, is placed 200 gms,
(1425 moles) of ethyl malonate. Dish K is filled with an ice~
salt freezing mixture,

Procedure
When assembled as indicated, the apparatus is ready for

operation, Flask A is eomnected to an eir-compressing machine,
The compressed alr ensures an excess of oxygen, and thus complete
oxidation. It is insuffieient if any ecolorless gas, which turns
brown on comming in contact with aim, leaves the apparatus at L.
Only & slow streem is found to be necessary, two to three
bubbles per second,

Coneentrated nitrie aeid is run, in small portions, into
generator B from dropping funnel C. After the action has started,
the nitric aecid has to de foreed into flask B by conmecting the
top of fumnel © %o the air-oompressing machine by means of a T
tube and then opening the stopeock, Later on, when the gas
generatéon sldkens, flask B is heated with a smoky flesme. The
mlnnud'nsu-unhnunam:nubrmto
heat until finally all the arsenitus oxide has dissolved and the
frothing has ceased,

The moist oxides of nitrogen, in passing up through the
mwn.mmumnm.ma-mnmm
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gas is then thoroughly dried in the tower G. After passing
through the drying tower and through flask H, the gas is
absorbed by the ¢old ethyl malonate in vessels I and J. The
color of the ligquid changes into dark green., Considerable gas
esoapes from I and is taken up dy J. When flask I has gained
200 gns. in welght it is discomnected and the reaction is
contimmed as before until J has also gained 200 gms. In about
three hours the reaction is completed.

By means of the depth of the color in fleasks ¥ and I, the
efficiency of absorption ean he judged. The efficiency is best
Af the ecolor of the gas in flask L 15 much lighter than that in
flask H. Also flask H has the important function of catehing any
1iquid that might be suoked dack from the sbsorption vessels,

HEthyl oxo-jalonate
The ligquid is left in the freezing mixture for several hours,

then gradually allowed to come to room temperature. Red gases
are slowly evolved. After standing for two ar more days at room
temperature, the liquid is transferred to a distilling flask
provided with a capillary air-intake, and the delivery tube
sonnected with a water-cooled condenser and receiver, The distil-
lation is performed under reduced pressure, by the use of water
pump. The receiver is a vecuum desicocator with two side openings,
In 1% is supported by a perforated dise holding several test
tubes for catehing the different fractions. To one of its openings
is conneoted the water pump and a manometer for indicating the
pressure at whioh distilletion is to take place.
mm-ymmuwum-m,mmmm
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flask is heated gradually and the water pump is set inte
operation, Considereble nitric axide is evolved before the pres-
sure drops to 70 mm,

The first freotion oonsists mainly of water, and some
ethyl oxomalonate which recombines with the water to fomm solid
othyl mesoxalate. Vhen the pressure has dropped to 45 mm, and
the temperature has risen to 110°C., the disc is moved. It is
important to mention here that from this point on, the distil-
lation must be conducted with extreme care. As soon as the
ethyl oxomalonate has partly distilled over and the temperature
has risen -nvnt,’ some decomposition may take place and gases
are liberated s0 rapidly that the thermometer and capillary orxr
the cover of the desiccator may be blown out, If the mancmeter
is watehed closely, and at the first sign liberation of gas, as
shown by a sudden increase in pressure, a wet towel is placed
around the flask, the reaction may de slowed down,

The main product, ethyl oxomalonate, now distills at 110° -
155°C, at 45 - 50 mm, pressure. If the oxidation has been
compleote vory little residue is left. i[he distillate is golden
yellow with a boiling point of 105 - 108°C., at 15 mm. pressure.
The yield is about 70% of the theoretieal.

E8y1 mesoxalate

Upon adding the caloulated emount of water to ethyl oxomalonate
decolorization takes place iumediately with evolution of heat,

end on eoeling, a solid mass of plate-like erystals of ethyl
mesoxalate results.
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The melting point of the product after recrystallization is
“ - WO.
Mesoxalie eeid

The usual methods of hydrolysis of esterswere not found
applicable for preparing this acid from its ester. The sodium
and caleoium salts of mesoxalie acid which are formed instantaneouss
1y uwpon the addition of solutions of NaOH amd CaCl, to the ester,
did not give any significant emount of the acid upon hydrolysing
with hydrochlorie and sulfurie acids respectively., Another
procedure had to be adopted which proved to be successful.

T™e ester is put in a round-bottomed flask to which is oon~
nected dn upward fractionating reflux condenser and thermomseter.
To the side of this condenser is connected a water cooled con-
denser and receiver. An equal volume of water is added to the
ester and some drops of cone. HOl. The heating is done by im~
mersing the flask in a steam bath., The temperature of steeam
keeps the water refluxing while it distills off the aleohol fommed
during hydrolysis. After heating in this way for about three
hours, the ester lower layer gradually vanishes. The distilling
flask with its oontents is left to cool down overmight whereby
s0lid mesoxalio acid separates out from the consentrated solution
as needle-like orystals, After separating 1t from the mother
liquor by suetion, the acid is washed several times with
shlorofom, to ensure the separation from it of any residus of the
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ester. It is them put in a desiceator for a few days to dry
gompletely. The melting point of the mroduct is found %o be
117 - n’.eo



Antimony and tin, together with arsenic appear in the B
subgroup of group II in qualitative analysis. The sullTides of
antimony and tin are soluble in concentrated HCl while that
of arsenic is not. This makes it easy for the separation of
arsenie. To separate antimony from #in for the sake of
identifying each alome, there are several methods im use., It
is worthy to mention briefly some of the more important ones,

To a solution coataining antimonous and stannie ions,
excess oxalie acid is addeds The latter reagent seems to react
in some way with the stamnic ion and mot with the antimonous
ion; such that whea H.S is passed into the solution, only orange
8beSe is precipitated and none of stamnic sulfide. The thoory
involved in this separation is the complex ion formation between
$in and oxalie acid.

Staunie chloride is a covalent compound, and tin being one
of the heavy metals it has a coordination number of six. In
other words it can fomm compounds in which itcoordinate: six
pairs of electrons, Thus when stannie chloride 1= dissolved in
Cono., HCUL the following reaction takes placa:

SnCl, + 8H0Ll ~-=-s HoSn0l,

QQ =
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The chlorostannic acid formed in the first resotion
ionizes readily to form a large mumber of SnCly ion and a few
** stamnic lons.
HeSnCle ee=me==d 2H + Sn0l,"
Sn0le  emessad Bll“ + 6017

If the solutiom is too aeidie in respect to HO1l the stamnie
ion eongcentration is diminished as is clear from the above
eguilibria. Also the acidic medium deoreases the sulfide ion
concentration when H.8 is passed into the solution, These two
facts will supplement each other in preventing the formation of
a precipitate of stamnic sulfide in a highly acidie medium. At
the sane time and for the same reason of low sulfide ion coneentra=
tion, antimony is prevented from precipitation as sntimony
sulfide in a highly aocidic mediun, This prevents the use of
hydrogen sulfide as a separating agent. On the other hand, when
the solution is siightly acidiec there will be enough stannie ions
to ensure the precipitation of stannic sulfide, At the same tine
antimony sulfide is also precipitated.

When enough oxalie acid is added %0 a solution containing
ga** and Sa01," ions in equilibrium, three oxalate ioms with two
pairs of electrous in each ready for sharing will be ecordinated
with the stannie¢ ion imorder that the coomdination mumber of six
for tin is satisfied.
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The resul ting complex ion seems to be so stable that the
fow stannie ions formed from its ionization are not enough to
saturate the solution with stamnie sulfide when hydrogen sulfide
is passed and so no precipitate of stannic sulfide is formed.
At the seme time the oxalate ion seems to be of no effect upon
the antimonous ion so that antimony sulfide is precipitated
under the seme oonditions,

2. geparation Using Hydrofluoric acid
Hydrofulorie acid reects with the stannic ion in the seme

way as hydrochloridé acid reects,
sn*s OHF ==-ee=? HoSnFg + 4H
HeSnFg esmames 2H + SOF”
Y encanns 't o 81"

Bploying HF as & reagent for the separation of antimony
and tin works very well although the sseme reactions take place
as with H0l. vhat seems to be different is that the ionization
of the SaF."ion is so insignificant thet only a few stamnic ions
are formed and so not emough to form & precipitate of stannie

sulfide. Under the seme conditions antimony sulfide is found So
be precipitated.
e oric

The following is a paragraph quoted from the Chemieal
Abstracts vol. 35 page 2859°:-

"To separate antimony from %in in a solution sueh as obtained
by dissolving their sulfides in concentrated ECL and boiling
off all H,S8, add sodium carbonate until neutral then an equal
volume of HyPO, (d. 1.3) end 1/5 volume of Come. HOl. Under
these conditions Sb,S, will precipitate on hm H,9 into
the hot solution end tin will remain in solution®,
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A eomplex ion of the formm [Sn(P0.),]" seens to be formed
in this case.

soparetion Using Mesoxalie Acid
¥Yeasoxalle acid has the formuls
00 4 4
HO=- s-ﬂ or =0 the carbon
coon goon

Aton in the wmiddle Loldstwo hy@rexyl groups which might decompose
under ¢ertain conditions to form a carbonyl group. Any low ol ther
formula is referred to as mesoxalic acide.

mm&ﬁ‘wnnﬁnmﬂu.mn-w
a8 hydroxyl group for e hydrogen on the alpha carbon atom of an
acid will inerease 1ts seldity. This is trus becsuse the entering
cleotronegetive group bdeing more negative than hydrogen will dreaw
the binding electrons towards itself, This pair of electrons will
therefore excercise s smaller repulsion on the other slectrons of
the osrbon atom and =0 they move closer %o the carbon stom. This
results in a shif't of the other electrons in the chain with the
final result that the oxygen-hydrogen bond of the carboxyl group
bocomes more polar end hence ionizes more readily. As an example,
chlorcacetic acid is more acidiec than scetic acid becsuse the shift
of slectrons towards the point of substitution along the chain make
the ionimation of the substituted acid eamier.

i |
CL&m = gl € ) §mmm}T
! "
0
Dichloroacetic acid is still more esoidie than the wono~substi-
tuent. Hydroxy acetic ascid is more asoidie than ssetic seid for the
SGMY IennON,
It should therefore be concluded that the mesoxalic ncid with
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two hydroxyl groups on the seame alpha carbon atom should be
much more acidie than malonic acid and probably it might be
more acidie than oxalie acid itself.

Bearing in mind the faot that meso®alic acid is highly
acidie and that the mesoxalie fon could form readily in aqueous
solution; trials were made to see whether mesoxalic acid could
be used as oxalic acid for the separation of antimony and tin
and to see whether it is of any more benifit. The results of
such investigations proved that mesoealic acid could be used as
well to separate antimony from tin. This confimms the prediction
that mesoxalic acid is a highly negative acid and so could be
put into uses requiring this property.



The following are the trials put in tabular form:~

Tials’ Molarity of ' v v v
* Sn0l, solution ' ' ’ '

' 4n & volume of ' Molarity ' Time of * Wi, of

L+ ] L (]

a 10 o,

' L
o o S '
L L]
v ’ 0,025 ' 0.8 I-.Ib : “.-uun. &E.»-no’ﬂ-»’»”:”w
& 0,085 J"ﬁmuh Iqlu L J".!-S.?'-noi»unndo
' L L
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The results given above show that the ascidity of the
solution and the time of boiling, within certain limits are
not factors of primary importance; and that to prevent Sns, from
precipitation in a solution whose volume is 10 cc. and is 0,025 M
in respect to sSnCl,, half a grem of mesoxeliec acid is the
mininum amount required.

Here again it seems that mesoxalic acid forms a complex ion
with the stannic ion similar to that formed with oxelic acid, so,
preventing it from precipitation with H,5 reagent.
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v¥hen similar trials were made with solutions containing the
antimonous ion, & ppt. of b8, was formed under all conditions.
again experiments were done upon solutions containing varying
quantities of stamnic and antimonous ions and in all cases it was
found that if the necessary amount of mesoxalic acid is added,
namely half a gram for each 10 oo, of 0,025 W SuCl,, only an oran-
ge precipitate of Sb.Ss is obtained,

Finally one quantitative determination was done to see whether
all the antimony is precipitated or not.
Quantitative Petermination

Take 40 ee. of 0,025 M sSn0l, solution., 7o this add an
exactly weighed quantity of SbCls.
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Wt. of bottle ¢ SbCl; = 12,2806 gms.

" w * empty - 12,2348 "

m = gbCly = 0,0480 "

This quantity of SbCls (0.0460 gms) makes the solution
0,0050407 ¥ in terms of SbCl,; i.e. about one fifth the molarity
of SnCl,.

Wt. of Sb in 0,0460 gms of SWCly = MI 0,460
= 0,02456 gms.

70 this solution add Cone, HCl drop by drop until the
gbCls is dissolved. Heat, add two grams of mesoxalic acid and
pass H,S. Antimony sulfide will precipitate alome. Separate
the precipitate by filtration, wash seoveral times with water
and then dissolve the precipitated 5b,Ss by adding come, HCl.
Make the solution formed 204 by volume in respect to gone, HCl.
Boil to drive off the H,S. Filter the suspended sulfur, heat
the solution to 70°C. and edd one or two drops of methyl orange
indicator. Titrate with a 0.1N KBros solution which is
previously prepared by dissolving exactly 2.784 gr. of it in
one liter of water in a volumetrie flask,

KBrOs + 5SbCly ¢ BHUl =~=e=s KBr + 35bCls + SHgO
Towards the end of the titration add the KBrog a drop every
two seconds $ill the pink eolor is discharged.

Calgulation
Lower reading of burette = 5.9

Upper » " " » 38
Vol. of KBrog used = 4.1 oc,
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1 ml, of 1N KBrO; - 0.08088 gms of Sb
1 * * 0N " = 0,008088 =~ = "
¥t. of antimony as determined = 0,006088 x 4.1

= 0,0249608 gms.
Actual wt, of antimony = 0,02455 gms.
Difference = 0,0004108 gms.

This experiment shows that prectically all the antimony is
precipitated. Although 1% does nos prove that a small amwount
of SnS, might have precipitated, since KBros is not effective
on the stannie ion; yet the previous experiments done on
samples of the same concentration of stannic ion with no sims
of preecipitate exclude the probebility that any stannie sulfide
is formed together with the entimony sulfide, This fact there-
fore makes it unnecessary to ge through a quantitative determina-
tion of tin in solution.

Conolusion
At this point @ brief comparison of the methods used for the

separation of antimony and tin is worthy cf mention.

The method that is most usually adopted is that by using
oxaliec scid. It is the preferred ome, since the scid is quite
available and there are no difficulties arising from using it.
On the other hand 1t is well known that the aoid is rever comple-
tely effective in the separation, and that large quantities are
required to ensure a maximum separaticon. These two facts are
limitations which need to be taken intec consideration when
acouraecy and economy are to be counted,

The other resgent, hydrofiuorid acid is never adopted by
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authors of qualitative analysis books since its use is limited
by the faot that the acid attacks glass. This limitation
necossitates a supply of other equipment made up by either platimm
or quartz, the use of which is imprectical. It is woarthy to
mention that as 2 sparating agent hydrofulorie acid is a very
effective one,

Finally, the new reagent, mesoxalie acid seems from the
previous experiments to be a better separating agent from the
point of view that 1t is more effective, and definitely a smeller
quantity of the = ¢id is required to make the seme separation,
Thet & smeller quantity is needed could probably be due %o the
fact that for the smee nunbor of moleoules of the soids edded,
mesoxaliec acid gives a greater number of mesomalate ions ready
for ecordination, Anyhow this is just & predietion which needs
elarifieation by a thorough study of the behaviour of this ascid
in aqueocus solution as compared with that of oxalie acid; then one
could be definitely sure of which is the better separating agant.
With the few experiments I have performed, and at least with
passion I expect mesapalie acid to be the better and more effective
Onee As regards to its availability, the acid is not yet on the
market, and even if 1% becomes so in the Muture, I believe it
would be more expensive than oxalic acid. This of course would
limit its use.

ncuuormthmumlxpnxoudymmu'm
1imited in qualitative enalysis, due to the fact that newly dis-
Goverad organic reegents are in use for detecting antimony end tin
in the presence of each other without taking the labour of separa=
ting theme On the other hend, when quantitative determinations are

mumummumommu--mm
be escaped.



