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Snmr Esters of ntimotui Trioxidf.

By John Francis MacKet.

In a previous paper, I,ang. MacKey, and Gortner (Trans
, 1908,

93, 13C1) (le.scril)fd a metliod for the esterilkation of araeuious
oxide witli tii',- fatty alcoboJs and with phenol and its hi.mulngiies
Ijy removing the water produced by the reaction:

GROn + AS2O3 - JRgAsO;, + ailoO

as quickly as it was formed by means of anhydrous copper
sulphate placed in a Soxhlet tube attached to a flask containing
weighed quantities of the reacting substances. By this ineans a
large number of esters, which other methods had failed to produce,
were prepared in quantity, and found to correspond with the
general formula R3ASO3. In the present work, attempts were
made to form the corresponding esters of antimony by live different
methods, namely: (1) heating a mixture of the alcohol and
autjmoay Irinside in a flask to wLieb a retlux condenser was
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attached; (2) heating a mixture of the alcohol and antimony
tnoxidu in a sealed tube at 150"; (3) sliakinj,' a mixture of the
alcohol and antimony trioxide with anhydrous copper sulphate in
the cold; (4) heating a mixture of the alcohol and antimony
tnoxide in a flask with a Soxhlet tube, filled with anhydrous
copper sulphate, attached; (5) heating a mixture of the alcohol,
antimony trioxide, and calcium turnings in a flask with reflux
condenser. A comparison of the yields obtained is given in the
sequel. Uy means of these methods, and more particularly the
last

(
• o, esters were formed with methyl, ethyl, propyl, /.sf>butyl,

amyl, and isoamyl alcohols; also with phenol, o, ?«-, and ^'-cresols.'
The esters were found to correspond with the general formula
KjSbOa. In all cases the yields obtained with antimony trioxide
were yery much lower than the corresponding arsenites previously
described.

Experimental.

(i) Heating with reflux condenser on/y.—Weighed quantities of
methyl, ethyl, propyl, j^obutyl, amyl, and woamyl alcohols were
mixed with an excess of antimony trioxide, and heated for different
periods of time in a ll:..k to wliich a reflux condenser uas attuche.l.
After five hours' heating not a trace of ester could be detected
in any of the reactin- mixtures; but, after fifteen houi heating,
evidence was obtained that, in the case of wobutyl and w-^amyl
alcohols, esters were formed, Ijut not in quantities sufficient to
permit of their being isolated. That an ester was formed was
shown by pouring the clear liquid into water-free benzene,* in
which antimony trioxide is very sparingly soluble, and filterin.,.
By this means any antimony trioxide merely dissolved in the
alcohol was separated, and, if antimony were found in the above
filtrate, it must have been present in the form of an ester. The
filtrate gave a distinct precipitate of antimony sulphide when
a.idilied, treated with hydrogen sulphide, and warmed; thus,
whilst there is no doubt that both /.obutyl and iso&my{ autimonites
are formed under these conditions, the yields are .so small that it
is impossible to isolate them by fractional distillation.

(ii) Htatinij in sealed /«if.s.—Quantities of the various alcohols
were mixed with antimony trioxide and heated for six hours in
sealed tubes at 150°, but in no case could the presence of any
ester be detected.

(iii) Using a dehydrating agent in the coW.—Weighed quan
* Great (fifficulty was fouml in obtaitiiiig lifuzen.- absofutely Ire.- from w»ter.

Tlif naini.les of iMiizom- at liaii,! were fuun.i to contain t-nough watiT tc. li.c'on.iwse
partly tfie esters formed, it was necessary to heat the beniene with calciutn
turnings lor about lorry-eight hoars.
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titles of the various alcohols were mixed with antimony trioxide
and ;i <oiisidcral)le atnount of anliydroiis copper sulphate. The
mixture was then placed in a sliakitig macliiiu' for three days at
room temperature. In the case of /.^al.utyl and /Voamyl alcohols,
estera were formed, but,not in quantities sulliciunt to enable them
to be isolated.

(iv) lltiil'iiKj Willi So.ilihl (tlldclimiiit ami nrilnjihoiis ropiKr
s/i/p/ia/r.- -Thirty t,'ranis of antimony trioxide were added to l()()

grams of Moamyl alcohol in a 250 c.c. flask. An ordinary Soxhlet
lube was connected with the Ilask, and a condenser, littcd with
a calcium chloride tube, attached to the Soxhlet, which contained
a large filter paper Idled willi anhydrous copper sulphate; the
nii.xture in the Ilask was heated to i)oilirig, and the water iornied
by the reaction was absorbed by the copjier .sul|)liale, which turned
blue as soon as the first drops of condensed li(|uid fell on it.

Heating was continued for about fifteen hours; after cooling, the
clear product was poured olT from the antimony tiioxide and
fractionated under diminished pressure. About lO'S grams of
the ester were formed, representing a yield of 13-6L' |)er cent.

By this method esters were formed with methyl, ethyl, propyl,
»S'd)utyl, aniyl, and isoainyl alcohols, as shown in the following
table

:

Tuhlr of i/i(/ils hij riuioiis nielhndi.

Anliyili'Mi., rii]i[in Mil)ili,ilr.

IJlflllX bl sr;ll(i| ,
'

^
K''"' ruiidriistr. lulii>. Ill llic i-dM. In ,Sex hit t.

^I'^'liyl nil nil nil .S'Oii |icr wiil
!•;'•'>' " .. .. ;i-oo> „

i"I'.v' ,, „ „ l:j-;j

'•"'I'l'tyl Irace ,, u.ice l.-,-]l

•\'"\l nil ., „i| 13-1,;

""Ainyl tract' ,, u.i.v I;j-t;2

It. will 1.1! iinticnil thai tin- sxuw. cMiviiul.v Imv yicM nl ot. r \xitli .tliyl alioliol
ocriinv,! in tin- [n-itiiiialinii i.l' (lie csl.'i.s oT ai'.srniuns acid, duscrilM.'.l in a luim. i

jLil'i'i, wlh'ii' a piLSsiblu u.xiilanalion was ailvaiiucd.

Those esters were puriiied and analysed, the following methods
of analysis being employed.

M(tho(l of uiinlysk for vstt-rs of the aliyhatic alcohols (iisiinj

isoiiwi/l initimonite as an ciaiiiph).—Two methods were employed
for the determination of the antimony. In the first method,
iodine was u..ed to oxidise the liioxide to the pentoxide, but wa;;
not found to give accurate results, so that the following procedure
was adopted.

1 UU.)7 Grams of the eater were decomposed by .') c.c. of con
centrated hydrochloric acid, 50 c.c. of tartaric acid solution were
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added, and the antimony was precipitated from this solution by
means of hydrogen sulphide; the antimony sulphide thus formed
was converted into antimony tetroxide by treatment with fuming
nitric acid and ignited:

10057 gave 0-4024 SI.^O^. Sb=- 31-57.

^'iriHsaOgSb requires Sb^ 31-48 per ccut.

This method of analysis gave the following results

:

Pcrrintiif;!' of Sli

,.
,

reri'iiitane ol lalciilHt.il from the

,. ,
,"- Sbloun.]. ronimla K,ShO,.

r.lhyl ._ p...
f'T-V' 40-J!) ,o.,o

r*^'!'^'
'••'• ''-0

A'7'
; yi-14 M-iH

Expressing these as salts of autimonous acid, wc arrive at the
general formula RgSbOa for them.

Froptrties of the Esters of the Aliphatic Alcohols with Antimony
Trioxide.

^^Jt.hyl antimonite is a colourless liquid, b. p. 65°, sp. gr.

Ethyl antimonite is a colourless liquid, b. p. 115 120".
Propyl antimonite is a yellow liquid, sp. gr. 1042! b. p.

143°/30 mm.; at atmospheric pressure it decomposes into propyl
alcohol and antimony trioxide at 200°.

isoJJutyf antimonite is a yellow, mobile liquid, sp. gr. 1-058,
b. p. 144°/30 mm.; it decomposes into iso\miy\ alcohol and
antimony trioxide at 250° under atmospheric pressure.
_Aw,jJ antimonite is a yellow liquid, sp. gr. 1079 b p

170°/J0 mm. ' '

iso.l ////// antimonite is a yellow, mobile liquid, sj- gr 1081
b. p. lC3°/30 mm.; at 250^ under atmospheric pressure, it
decomposes into antimony trioxide and u-oamvl alcohol.

All these esters are readily soluble in absolute alcohol, ether
cmorolorin, or benzene, but decompose immediately dn addition of
water into antimony trioxide and the alcohol from which they were
prepared. '

The fifth method was not employed for the aliphatic alcohols.

E-Hers obtained with Phenol and its Homologues.
For the esterilicalion of tjicse substances with antimony trioxide

two n.ct.h„d were used, namely, heating the mixture of phenoland antimony trioxide in a llask to which a Soxhlet apparatus
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containing anhydrous copper sulphate was attached, and heating
the mixture of phenol and antimony trioxidc with cplcium
turnings in a llask under a. leflux condenser. Hy these means
esters were obtained with phenol, o-, w, and y/ciesols. In the
case of phenol and ///crcsoi. unsuccessful attempts to oMain the
esters were made by heating these materials with antimony
trioxide with a reflux condenser only.

J'/unyl. >iii/imoiii/e.~ One hundred and twenty-live prams of
phenol and lio grams of antimony trioxide were heated in a fla.sk

fitted with a Soxhlet apparatus containing anhydrous copper
sulphate. Clouds of steam began to form at 100'^, indicating that
the reaction began at that temperature; the thermometer rose very
quickly to the boiling point of phenol, and remained very iln.se

to that temperature (varying from 170'^ to 180'^) for about seven
hours, when the temperature gradually rose, and, after lifteen

hours' heating, reached a maximum of 290°. This maximum is

the highest temperature to which the ester can be heated without
decomposition. The mixture of phenol, estci, and antimony
trioxide was then shaken with water-fret benzene, causin" the
precipitation of the antimony trioxide dissolved in the ester and
in the phenol, and, after ttltering, fractionated under diminished
pressure. The benzene distilled at 30°, phenol at 7u°, and the
ester at 250°.* The ester was purified by dissolving in benzene,
filtering from any antimony trioxide, and separating by passing a
current of hot, dry air over the benzene solution placed in a
vacuum desiccator. The crystals thus obtained had no very
definite melting point owing to the presence of some phenol. To
remove the latter, the crystals were heated to -JOO" for twenty
minutes, dissolved in benzene, filtered, and crystallised as before.
The crystals thus obtained were light brown in colour, and melted
at 13°. At 18°, plutiyl ant'unonite has a specific gravity of 1-621,
and boils at 2.'jO°/30 mm. It dissolves readily in absolute alcohol,
ether, chloroform, or benzene, and decomposes on addition of water
into phenol and antimony trioxide. On analysis, it was found to
correspond with the formula (CeH.JaSbOs or (C„H50)3Sb. This
ester was also prepared by heating a mixture of phenol, antimony
trioxide, and calcium turnings in a flask fitted with a reflux
condenser. By this method, a yield of 62 per cent, was obtained
after two hours heating. By the former method the yield is not
more than 40 per cent, after fifteen hours' heating.

o, m-, and p-To/yl A nfi/ii„?iifts.— One hundred and fifty grams
of eac of the cresols were heated with )out 30 grams of antimony
trioxide, using the methods describca above. The excess of

Even at 250" the ester sutlers jiaitial deconipoiition.



t;-t.j^^4v ..-^...i-ii-

609 Ma. KEY: SOME ESTERS OF ANTIMONY TKIOXIDE.

aniimor y trit.xi.Ic was separated by moans of benzene, filtered, and
he oskrs fractionated. After purification they were nalysed and
fniind to coiicspund with the formula a^'-M.-CFT ).,sbO, or
((V,ir/CII,-0).jSb. o-Tnl;,l avfimnniif, crystaU _. in dark brown
masses, and molt-, at ir,°; its specific gravity is Vm. and it boils
at .{.)'.>. mToh/l aniim.,nite is a yellow liquid, with a Bperific
?:r.avd,y of 1-.I7,^ and boils at .Sdoo/go „,„. p y,,/,,/ nr,iimnvilr
IS a dark brown, crystalline solid, melts at 14^, has a ^^eci(l,
gravity of l-l-.tS, and Ix-ils at 345°/3() mm.
Whilst in the ca.sc of the aliphatic alcohols a drvin.p apent in

the ^o.xhlct apparatus was essential to absorb the water formed
and allow the alcohols only to ,lrop back into the n.ixtnre no
diyiuK nsent wa.. ncrcs.sny with the phenols, as j.rarticallv no
l.henol or ester ever found its way further than the side-tube of
the Soxhlct.

The water formed remained in the ^nxhlet. there bcinr never
sulhc.ent volume of water produced to cause the svphon attach
nient to come into play. The use of metallic calcium, it will be
noticed, gave a better yield of ester than the Soxhlet method

^frthn,l of Analysi, of Phenyl and Tolyl E>fers.~Ta i;i060
grams of phenyl antimoiiite, 5 c.c. of potassium hydroxide (con-
taining

,
grams per 10 c.c.) were added, an.t then an excess of

tartaric and. The ex.-ess of tartaric a, id was neutralised by
sodium carbonate, and 25 c.c. of sodiuu. hydrogen carbonate addedThe whole was diluted to .500 c.c. and two samples of 20 c c'
each were taken for analysis. To each. 20 c.c. standard iodine
was added in excess (shown by the formation of a precinitate of
trModophenol and the appearance of a clear yellow .solution) the
temperature being kept at 65°. The mixture waa then cooled,
acidif.ed with dilute sulphuric acid, and diluted with water tonOO c.c. The tn-iodophenol was filtered oif. and the excess of
iodine in 100 c.c. of the ' trate was titrated a.^ainst standard
thio.sulphate. using .starch as indicator. The quantity of thio-
sulphate necessary, multiplied by live, represents the quantity of
iodine that was in excess. This quantity, subtracted from "the
original amount of the iodine added, gave the amount necessary
to change both the phenol to tri-i.H.phenol and the antimony
tnoxide to antimony pentoxidc.
Owing to the preV ..ce of tartaric acid in the above, it wa-=

in,po.-,blc to estimate at all acciuately i,he antimony trioxide by
"aans of dichromat... The method pr viously described under
|.'"an,yl antinu.uite. namely, wei.d.ing ,• antin.ony as antin.onv
tetmxide. was used. Tlu percentat-e of antimony, as determined
in this way, was found to be 30 10. The strength of the iodine
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beinp known, tbo numhor of c r. of iorlino pr|iiiv.alont (n 3010 prr
cent, of .-intimony was snbtr.ictefJ from tlie iorinc (ihtainod in Hip
previous determination, tlic difference being tbp amount combined
with phenol.

To test the accuracy of this met' td. estimations were made
with weighed quant'' ies of (a) pheno., (b) antimony trioxide, (c)

a mixture of these.

(a) To 0-882G gram of phenol, 5 c.c. of a solution of potassium
hydroxide (7 grams per 10 c.c.) were added, and the whole diluted
with wa^er to 250 c.c. ... ... ... ... ... ()\

10 c.c. of this solution were equivalent to 2890 c.c. of iodine.
(h) To OoOOO gram of aramony trioxide were added 25 c.c. of

a saturated solution of tartaric acid ; suflBcient sodium carbonate
to neutralise the excess of the tartaric acid and 50 c.c. of sodium
hydrogen carljonate were then added, and the whole diluted with
water to 500 c.c. ... ... ... /2)

100 c.c. of this solution were equal to 13-70 c.c. of iodine.

(c) To 10 c.c. of (1) were added 100 c.c. of (2). and together
required 12 45 c.c. of iodine.

Thus 100 c.c. of (2) required 13-70 c.c. of iodint. and 100 c.c.

cf (1) required 28-90 c.c. of iodine; in all, 42-60 c.c. as compared
with 42-45 c.c. when mixed, a difference of less than one third cf

1 per cent., which is well within the limits of experimental error.

Propertieg of the ts of Phenol and its Jlomologuet.

I'h.'iiyl. u-T()l.;l. -, I'olyl. ;yT..lyl.

Peiceiita.i;i yiclii 40'0 i^-2. IS-.'i .lO'S
B. i..,:iO linn 2.10" :^r.2° :iOO' 34,';"

"<1'. ^;i' 1021 1-480 1-47.") l-49.''i

M. ]> l;!^ Ur — 14"

Tlip prpp.aintion of othor esters from the oxkips of arsenic and
ar'IiTioiiy aiic, cnmpoiiiKls coiit.aitiiiig alcnliolic livdroxyl is being
prorppded with in this l.ilioiaf nry. Attempts .are .also lipiiig made
to 'proonif tlip (liniciiltips pxperipiicpfl in nbt.a.iiiiiig tlip esters of

sulplin.-.'scniriiis .Tcid in sufTicii>til. (junsiiMes to allow of t,heir com-
positions being detrrmined.

I wish to express my th.anks to Profp.ssor W. K. T.ang for

snggpstiiig tjiis rpso.itfli, ,nnd for l^c intpveat lio }ias t.ikeu in the
work.
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