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Foreword

rThe chémistvis'often called ﬁ?on to perform
’énaiyseS'whieh have interferences difficult to overcoms
;: by inorganio methéds; the‘expanding field of thé applica~
tion of'organic‘réagents;towinorgénickanalyéiS'prémises
to OVchbme mahj of these difficulties.

This work,~intehdeq td Cenove certain intera
fereneesbin the:analysis of*tin, Wés done'under the
Mexpért SuperviSion of,J. Ailen Harris, Ph.D.;,to,whom<va

I,Wish~to eXpreSS~myithanks,

H. Boardman
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An Organic Reagent for the

Velumetric Determinatioen of fin

' General'Theory,ggAOrganic Reagents

Orgenic reagents are extremely\useful in the three
ifieids of quantitative analysis - graVimetric, vo1ﬁmetrio,
ahd oolorimetrio determinations - where their ﬁse supplants
tedlous or inaccurate 1norgan1e methods.
| Organlc reagents which react with. only one elementv
are termed specific and reagents Whlch react with a limited
number of elements are termed seleotlve. Often a selectlve
reagent may be made spe01f10 for a glven element in a
mlxture by 1nact1vat1ng other components by means of a
mesking reagent. T "'3
Feigh (1,2) has‘dohe mueh in clarifyiﬁg‘the theory
of the action of organic reagents. By far theelergest’group ;
ef ofganic reagents are those that form the so-called inner- 
complex compounds. The ability of these reagents to form
inner- -complex salts is due to @@% certain salt formlng
‘ac1d1c atomlc grouplngs which areelargely. sulphonlc (bogH),
sulfinic (805H). carboxyl, hydroxyl, sulfhydryl (SH),
Oxime (NOH=), and imine (= NH). The hydregen atoms‘are

replaceable by one eQuiValenﬁ of metal.' The molecule must



be,SO'eOnstituted, nowever, that the metal may also coordinate
~with some other atom (thus saturating:the secondary valences
. of the metal atom)» This~atom often is oxygen, nitrogen or
e sdlphuro The ring thus formed contributes %o the stability
of the resultlng compound .

The solublllty of the compoundyls, of .course,
,impOItent’ln gravimetric and volunetric analysis, Solubiilty
is often 1nfluenced by other atomic groupings present in the
molecule. In general, the solublllty 1sfgreater the more»k
:similar the molecules of’the-solufe and selVent;are. Thus
‘the presenCe~ofkhydroxyl groups in the molecule incfeases the
solubiliﬁy of =a oompound’inkﬁater. The sulfonlc acid group ’
has also the ablllty to blnd water and hence increase the‘
'solublllty. L

, Another 1mportant p01nt as regards solublllty is
tne so—Called "Welghtlng,effect“; In general, thefgreater
the moleonlar Weight’the less is the‘solubilify. Evidently
insolublllty ‘should be as great as pessible since thls

klncreqses the sen51t1v1ty,;

Organic~Reegents for‘Tin

'ThekexperimentalkWOnk eonsisted:offafseareh for a
volumetrlc method for tin that Would be accurate, quite rapld,
and applicable to the analysis of@res etoe The ezlstent
methods for tin depend upon the oxidation fnomﬁxhesstanneus

to the stannic condition. Controversy has centred around the



initial reduction of tin and the question of air oxidation.’
Variéué reduéing agents have been used, among the latest

being @owdered:aﬁémonj’brfaluminum. With powdered antimony
’it"is,ﬁsual t0~boi1'the solution, which has a high acid 
cdncentratiOn,'forkaTty—five minutes to ensure complete -
feduetioﬁe Air‘oxidation exercises a considerable effect oh th
the~tiﬁfation. Apparatus has been de?ised‘for‘thé exclusion
ofkair by 002(5). &nother method'in'use:in manyilaboratories 
is to reduce the tin in a large Eflenmeyer,‘add solid NaHCOg,
"to the acid solution, cork and cool. After the flask is’cool'
thevcork'is removed"and the soiution is titrated as rapiély~
as pcssibie with an iodine sélution‘of éuitablekooﬁcentrgtion.
Blanks‘have-to;bekrun also.‘,DiSGrepanoieS'sometimes oéegr,k~i
which are undoubtedly due tb‘ﬁhé_method of reduction or the
effeot of air: ox1dat10n. A ﬁethod fdr determining fin in,‘
;~the stannlc condition woﬁld be free of both these errors.
‘There'is~no method for~ﬁhe~volumetric determinatien of tin

1n the stannlc condltlon by 1norgan10 reagents.'

Cupferron Will pr601p1tate tin (4). A~l®% solutioﬁ“
of cupferron is added' with vigorous- stlrring the preclpltate
becomes compaotrand brittle (30-45 min. ). Wlth 1t tetra—
valent tln can be separated from arsenlc and antinmony in
aold solutlon (6)2 Hillebrand and Lundell's book covers.
the uses ofacupfefron.

Afvolumetrio\method for therdeterminatioﬁ of small
: amounts of tin in ores has been developed by Al1marin and

SeM.Peuzner (5). This is based upon the reduction and



decomposition,of methyl orange by tin in acid solution to
sulfanilic aoid:and dimethyl-P-phenylenediamine. FPhe tin in
& 15-20% HCL solution is heated for 50-60 minutes in a
| G0, atmosphere and then titrated with 0,01 o'r"o.o5% solution
of methyl ‘orange. Sb, As, Bi, Cu, Cd,.Pb, Fe do not
interfere. Ti, V, Mo, and W do.

A colorimetric meﬁhod for determining fiﬁ has been
worked on by R.E.D.Clark (7). the method uses substituted
: ol*z dimercapto*bénzenes. The unknown solutiOn'iskdiluﬁed

after addltlon of a drop of thloglyeolllc acld untll the con-

: oentratlon of tln lies between 1. 5 and 6 PeDele A standard
solution of tln_oonnalnlng about 10 p.p.m. together with
“about O. 2 g+ 0of thioglycolliec a01d per liter 1s dlluted in a
measuring cyllnder until a colour matech is obtalned in the
following Mmenner . oTwo test tubes econtaining identieal
volumes (5-1o_m1.) of éhe two solutiOns arevtreated’wiﬁh 0.5
cc of HC1 followed by an equal guantity of 4-cthro—l:2 di-
mercaptobenéen@ in a 2% SOlution.okaaOH. Thi$ oausés the
~precip1tatlon of a white suspensioo of - the mercaptan. The
tubes are. 1mmersed in b0111ng water for 10 sec.,bvtwhlch tlme‘
the pink colour has developed fully and the‘two ¢olours are
compared directly by reffected light. Accuracy = 10%.
Salts of Fe may inperfere at or above 2%. The p:eparation
of the reagent’is given (8). |

Another colorimetric method for tin is a modifiCa—k
tion of the molybdenum blﬁe me thod récomménded by Feigﬁ,(9).

The method was developed by N. Strafford (10). "The tin is



‘reduCed 0 the stannous condition by boilinélthe~acidlfied
aolutlon with a little alumlnum in an atmosphere of 002.
To tne cooled solutlon is added an acld molybdate solutlon,
and after standlng a mlnute a measured amount of amyl alcohol
(10 ml) is* added; thls extracts the whole of the blue
eoloﬁred compounds. ’The’amyl”alcohel solution 1is separated;
at this stage it is sllghtly turbld but may . b@?%iite brlght
‘by the~add1t10n of 1 ml of ethyl ‘alcohol. The blue solution
is then measured in the Lov1h0nd Tintometer. ‘
Cacotheline is used~for'the detection‘of tin only

‘~(ll); The test solution is made alkaline with NaOH and

reducing agents are removed. Then in acid solution cacotheline

,gives;aepﬁrplekcolour‘Which is easily destrdyed’by air‘
oxidation. | ) | |
‘A few other organic reagents for tin also exist.
In;paSSing it?might’be well to menfion a methed for

separating stamic oxide (the usual form in which tin occurs

‘inkores).frem various other oxides (12). An'electrio erucible

8
<

furnace 1is required the temperature‘of which can be con-
trolled to, Wlthln 5 degrees. Heating Sn02 Wlth NHQI at about
74250 G affords a means of separatlng “the Sn0s from the Fe205
and buO which are the common contamlnants'

; SnOz * 4NH I —» Sni, 4 4HH

5 2H20

A method which promised a ﬁeans of determining tin in
the stannlo oondltlon with pos31ble appllcatlon to ores etc.
was given by Willard and Smith (13). Tetraphenyl arsonium

chloride is the reagent. This is an organic (baisesiéimilar to

e
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the organic ammonium bases such as tetraethyl ammoniuﬁ
hydroxide. The phenyl groups, of course, greatly weaken its
basic properties,,but it is'quite soluble in water and will
'combiné‘with thé complexﬁmetallic acids of mercury, zinc,
\cadmium, bismuth and tin, as well as many other inorganic
radicles. In other words, it is by no means a specifie
reagent‘but rather a reagent which is selective for certain
éoidic groups. Its application to the analysis of tin will
‘ dependlupon thé me thod of gettihg tin into solutibn Whereby'_
‘ihterferihg éiements’are abéént., The research in this
' laboratory was concerned with this reagent and another similar

derivative that was prepsared.

, Exggrimental,Work

8 Préparationkof the,Reagént

The method used for the preparatlon of the reagent
was that. of Bllcke Wlllard and Tarés (14). Commer01al
trlphenyl arslne was obtained from Eastman and from this
triphenylﬂarsinefdxide was made (15). The triphenyl arsine
(éo'g.) is dissolved in an excess of giacial acetic acid.

Then brominé is added (l4g.) slowly and with stirring. Con-
kcentratedeH4OH is then added slowly in excess, until the
triphenyl arsine hydroxide has precipitated. This is filtered
on a Buchner fuﬁﬁel and washed with water;'the'precipitate

is dissolved Wifhkwarming in the smallest possible amount o

ethyl alcohol and reprecipitated by adding an excess of water,




| whereby fine white crystals of the hydroxide are obtained.
These are dessicated in’ﬁaeuo over conoentfated sulphuric
acid for several days whence water is lost, leaving triphenyl
féféine~éxide. | | |
(06H5)3Aé‘%% Brs —4% (CeHs ) zASBry
(05H5?5A5Br2 + 2NH4OH —» 2NH4Br + (Q6H5)5AS(OH)
(06H5)5AS(OH) - Hg0 + ,CGHS) As = 0O

Then phenylmagnes1um bromlde is made from l5g of Mg,

68 cc.'of bromobenzene;and 300 cc. ofkdry ether in a liter
flask equipped with a reflux condenser éﬁd stirrer.’ Affer
- reaotion,ié complete'(started by adaing a little idodine and
warming) 500 oo; of dry bengzene is poufed~in‘and‘69 g. of
,triphenylarsiné oxide is added, a littie at a time (dver\four
hours) with stirring. Then'stirring is continued for three
- more hours until allk the oxide has dlsappeared

‘ The ether-benzene layer is decanted off from the
~v1scous 0il and # 500 . of water 1s added slowly Whlle the
oil is stirred with a stlrrlng rod,f After thorough tritura-
tidn about 150 cc. of conc. HCL aré added until all the white
"sdlid that eppears dissolves. The mixture is allowed o stand

untll the oil on the bottom has crystalllzed. This is

: filtered. The filtrate is neutrallzed with NaOH and a little

NaCl is added to recover any telraphenyl arsonium chldride in
‘solution. The crude tetraphenyl afSonium chloride is purified
by dissolving in 800 ce. of hot water and adding 150 g.

NaCl, codling and filtering.



G HBr + Mg —> 66H5MgBr

(c oHs) 448 - 0 - MgBr + HOH —> (C AsOH + MgBroH

6 5)4
'(06H5{4Asoﬂ + HC1 > Hzo +-(06H5)4A501~
'fIﬁ the later work a new derivative was prepared =
tfiphényi,napthyllangénimmmchionide. This was made in exact-
ly the same manner - except that napthyl magnesium bromide

was used instead of phenylmegnesium bromide. (Theqsame,molar

proportions were used.)

The Search for a Volumetrié Procedure

‘#lthoﬁgh tetra?henyl arsonium chloride precipitates
With‘tin,‘éqme méthoa of determining the reagéntﬂvolumetriéally
is heoessary,  Thelreagent‘gives precipitates with iodine
(in presenoe of KI), leybdate5 dichromate, permanganate and
other ions.  Willard~and smith used iOdinéfto determine the
reagent, a potentlometrlc Elﬁﬁatlon belng employed,' The
prec1p1tate is of a rusty brown colbur dlfflcult to filter;
its comp031tlon shows 1t to be the Perlodlde

7( 6 5}4As + Iy % I - (C H5)4ASI

"5 - 10 ml. of the water solution (0,01 - 0.03 M) are

measured éndldiluted to nearly 100 cc. with water or saturated
,NaCl solution. 'Thgifeferenoé and ihdicatorfelectrodes are
immersed inythis'solution’while'standérd~iodine 301ution of
about the same concentration éontain&ng 6 = 8 B.KI /1. is

added slowly with constant stirring. As the iodine is added




| the‘potential decreases to a min. value. When‘this minimum

is reaohed the iodine is added dropwisefand time allowed for
’~the system to reach equilibrium. When an equivalent quantity
;vof'iodine has been added, there is a sudden inoreasé in
potential.- Near the end point the solution must be completely
. saturated with salt before the titratioﬁ is complétéd." /
In a test df this'titrationkthe Bl w, droppéd to
: a mipimuhiand étayed there. It was not vefy applicable to
the determinatiOnqu‘any range of reagent; this was the only
méthod;invéstigated~for tﬂrating the reageﬁt. ’Three reactions

were studied: With KnO , KCrgly, and Na,S,0,.
; ; S 4 ' .

‘The PgrmangahateWPrecigitate;

Tetraphenyl arsonium‘permanganate is a dark red
insoluble éalt which removes any pdssibility of»titrating the
reagent with KMn04 usingvan:indicatof. - The precipitate forms

in neutral or acid solutiohs, but not in basic solutions,
 possibly because of the formation of”teﬁraphenyl'arsoﬁium

, : ; f 2T
‘hydroxide. The pure salt in water gives a Ph of &% showing

'that‘hydrolysis takes place. Below isrlisted a table of the_‘“

kproperties1of the precipitate.

~Properties of (CgHg)aAsMnOg

1. Ph of a saturated solution - #=6.2-V
2. Fairly soluble in a solution made acid with acetic.

3. Insoluble in above solution if Nﬁédl is present.

4, Insoluble in a solution made basic with NH4OH (once formed).

Decomposes upon badling.

‘5. Sensitivity - will not precipitate with less than 3 ml. of -

P S v
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of 0.01 M. reagent in a volume of 60 ml.
6. The prec1p1tate dlSSOlVeS to a clear solution when boiled

Wlth a solution of sodium oxalate a01dif1ed with HoS04.

. The least mentioned property can be used to deter-
e'mlﬁe the reagent prov1ded adequate precautlons are taken
Wlth,respect to reaction of permanganate with HEl and organic;
matter .

'$o‘determine thechmpqsitiQn of the precipitate
enfeXOess of stendard KMnO4 solution was added to 5 ml, of
'gfeageﬁt.~ The pre01p1tate Was flltered through a welghed
' gooch cru01ble and washed w1th water. The excess KMnO4 in’
the flltrate was determlned Wlth a standard sodium oxalate

,«,

solut;on.' Results are tabulated fer dupllcate samples.

Vormallty of KMnO4; f‘;lOI

" " NagCgOl}c = O 307

Volume of reagent in eaCh'OaSG>WéS?5‘ 1. to which

10 ml. of KMnO, were added. 5‘m1. of Na20204 eorutiOn was
'added tovthe filtratekané the’exoee?‘mezcgoéfback titrated
- with KinoO,. |
| ‘1. KMnO, back fitration = 9.4 ml.

Welght of preolpltate = 0,0375 gg‘
2. KMnO4 back tltratlon = 9,4 ml,‘
k Welght of pre01p1tate = 0.,0365 g
Assumlng the comp031tlon of the pre01p1tate to be
3 (C6H5)4A8Mn04, weléht of pre01p1tate calculated = 0.0424 ¢g.

Percentage error = 11.5%, probably arising from the

“experimentalkeonditions.(Waterywas used. for Washing in which
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i‘the'precipitaté is a little soluble due to hydrolysis;)‘
| Since the senSitiﬁity of the proéess is not %ery
great it was abandoned. _
| Note that hydrolysis of the salt can take place
 because tetraphenyl arsonium hyéroxide is a weak, -and,. in
/the_preSence of NaQOH, a somewhat insbluble'base. An attempt
. was madé to fiﬁd the approximate stréngﬁh of the base:

kKB {kcsﬂs 4351 [OH}
BC@H5 4AsoH]

In the hydrOlysis of the chloride we have:
(G6H5?4As~4n,H20 — (GaHﬁ? AsOH + H

g K . [(ceHs)assox) [m']

R (ceHs)ass]

z 1 - L where h = degree of'hydrolysis
| ~ch={H*) = {(06H5 4A~soH} waich

can be found by measurlng the PH
v EIUERS o H/of ‘the solutlon.
< 12
L -Y_H‘]
O 3555 g. Of Dure tetraphenyl arsonium chloride
\Was weighed and dissolved 1n exactly 80 ml. of water o
,make‘a O‘Ol molal solution. The Py of this solution was 5,65.

YH"} 2.24 X 1070

KE.  5.02 % 1095 _ 0.647 X 1079
0,08 - 2,24 X 1079 '

s o
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c. KB _ 107t

0.647 X 10

“H

. 1.6 x10°11
-0 .

The Dichromate Precipitate

Tetma phenyl arsonium chlorlde glvss a yellow
,~£locculent precipltate with potass1um diohromate in acid
: solutlon.l The Pg of Water contalnlng the dlohromate is 1. 5
,show1ng that cons1derable hydrolys1s takes place.' The
‘ preolpltate is practlcally 1nsoluble in acld‘solution at
kOrdiﬁaryktempératures'sinceithe filtered solﬁtioﬁ that has
‘been in“contact with the’solid foi sdme time gives no‘preci-
~p1tate with Pb* tkin acetio’aeid solution. HoweVer,'ferrous
ammonium sulphate completely dlssolves the pre01p1tate in a
solutlon'acldlfled with HCl show1ng that there are enough
:62207 ions in solution to allow thls zeaetion to 80 on.
Furthermore, the~pre01p1tate is completely soluble at,the
temperature of b01llng water. | | |
~ The compos1tlon of the preolpltate is E o
150655 éAs} 2Gr207 ‘as showm by the follow1ng results.f Some
'kof the dichromate was prepared and Washed thoroughly by
B ;,decantatlon. The preclpltate WaS'drled and O.l g. We;ghed.
Tﬁis,was dissolved in boiling ﬁater; acidified with acetic
‘; aCid~aﬁd treated with lead acetate. |
iy Teight of POCTOL = 0.0666 &

Theoretlcal welght of Crgly = O 1 X 216. 02 =0.022 g.
646 .44 ’

Experlmental welght of Crgoq_.o 0666 X 216,02 - 0.022 g.
646.44

g gt g e s i
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The dichromate is insoluble whereas the chromate is soluble

at ordinary temperatures. Making the solution basic

- immediately dissolves the precipltate by forming the chromate

ion and removing the tetraphenyl'arsonium‘ion from solution
as hydroxihé. ’

| To determine the reagent with potassium dichromate
a direct titration or a déterminatioh of excess diohromate'
after filtering off the precipitate can be used. If possrble;
filtering is to De avomded;T An attempt was médeito develop
évmethOd for titrating the reagent directly. The indicator

first selected consisted of one or two,ml. of a 1% KT

‘solution along with starch solution, the idea being that

when an excess of Grzd;, ions were present these would set

: freefrz frommthé KI, thus giving the starch blue end pointe

The~KIkhad.to be a weak solution, otherwise‘lz was set free

before the end point and tetraphenyl arsonium periodide was

precipitated. A saturated NaCl solution seemed ta be

" necessary and accurate control of the acid concentration. The

volumé of the solution had to be Kept'down to a minimum. The
following table shows some titration tests that were made;‘

(Molality of reagent approx. 0.01).

Vol. of Reagent|KsCrpgOy titer [Vol., of Reagent |[KoCrgly titer

1 ml No precipitate 5} 4,0 ml,
g m 1.3 ml, B " 4.0
a8 , 1.3 ® 6 " 4,9 "
3 n 2.2 " 7" 6.2 "
5 " : 2.2 M o 6.6 "
4 2.8 ™" 10 ® SVIRCERY
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Although reSulté are reproducible, the titrétion
for hlgher volumes becomes higher show1ng that a blank would
 ,have to be subtracted; careful control of PH is also .
necessary. With higher volumes of reagent the yellow colour
‘ Qf the highly flocoulent’precipitate,completely obédures,the

ehd point. ‘
‘,,A redox indicator was tried - ortho phenanthfoline
and .also diphenylamine. The same diffiCulty was found.
Blank determinations were made with O—phenahthroliné at
‘dlfferent Nabl and HCl concentrations. " The . blank'varles
; Wlth both these concentratlons from 0.3 %o 2.6 ml, of
dichromate solution. With these dlfflcultles in view the.
process was abandoned. |
Titratlon of exoess 1{2(31'20,7 Wlthkferrous emmonium
-sulphate could be used but the filtration of the precipitate
is tedious. Shown below are two standardizations of the
reagent using'thls meuhod. ’The precipitate is washed with
kwater contalnlng HCl. : | . |
; 1 ml, FeSO4 = .58 ml. KoCrs0ny |
l. 5 ml.kdf reagent; 7.1 ml. of KyCro0n added.,
Excess KaCrg0y = 4.7 X -58= 2.7 ml,
o 10~m" s 4 3 ml. reaoted._
2. 10 ml°bf‘reagen§; 14.0 ml. of KoCroln
Excess Ko0rs0p = 9.5 X .58 =5.5 ml.

% B.5 ml. reacted.

J P,
P At
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~Ths only praotlcal appllcatlon would be determlnlng
small amounts of dlchromate grav1metrlcally. T%ﬂ)cases are
elted to show the reproduclblllty of results. To 5 ml. of

teagent in a Volume of 60 ml.;contalnlng NeCl and HCl an
and

' ~excess ovazi(,rzO7 was sdded w&%h the preolpltate was flltered~

~and washed.
1. Weight of precipitate = 0.0700 g.

2. Weight of precipitate = 0.0704 g.

Triphenyl napthyl,arsonium chloride

A% thie stage Of‘the reSearch it was decided,to
litryito pre?are‘a reaéent of different struetufe to see what
~efrfect it«weuld have updn the precipitafes mentioned. :The‘
preparatlon of thls derlvatlve has already been descrlbedo.
Triphenyl napthyl arsonlum chlorlde forms a

lpre01p1tate with dlchromate 31m11dr to the tetﬂaphenyl

: derlvatlve, except ‘that once crystalllzed it is now readily

'soluble in basic solutlon, nor w1th ferrous ammonlum.sulphate

’~1n aold solution. It dlssolves in b01llng water. In water,

“the dichromate gives a PH of 3.2 as oompared to 1.5 for the

?»

tetraphenyl derlvatlve. Henoe the napthyl is less hydrolyzed.'

'The permanganate pre01p1tate of the napthyl deeratlve 1s
”’also 31mllar‘to‘th§t of tne-tetraphenyl derlvatlve. In water,
b itkgives alPH of 4.5 as compared to 2.7 for the tetraphenyl
"deriVatiVe. Further work was carried out with ﬁhe napthyl

fderivafive,beeause of its greater sensitivity. The compoé

k‘sitien,offthis new reagent has not been determined; it is

SO S S
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Just assumed that the structure is that glven because of the

method of preparation.

The Thiosulphate Breeipitate

It had been observed that sodium thiosulphate

ccmpletely dﬁsSolved,tetraphenyl arsonium periodide leaving'

a white precipitate if excess thiosulphate was added. The

thiosulphate precipitate of the new derivative was investi-

gatéd. ~This is a white crystalline salt, formed in slightly

~acid soluﬁiqn but quite insOluble even in baSic'

formed. Half a ml. ‘each of 0. ,005 MNazsgo5 and
give = preéipitate in- 60 ml. of solution. This
dissolve even if the solution is boiled. Water

in contact with the salt for some time will not

1little very weak iodine solution which confirms

insolubility. Also,,injwater this salt gives a

showing that no hydrolysis takes place.

golution once
reagent will
wi1ll not

that has been
decolorizé a
itsveomplété
PH of 7 N

This led to an exact method for titrating the

:‘{: reagent. The idea Was to adﬁ an excess of Na SZOB solution

td'a‘givenfvolumefof‘reagent and back titrate with an Ié

solution,‘using starch as an indicator. Prelimimary

eXperiments gave the following results:

LTRRN W S T 1 Ty T
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: l;m;, Iz'z . 1.1 ml. NaySg0s

Total vol. | Vol.of | Vol. of | I_ Titer | Na.S O
of BSoln.. Reagent |  NaoSo0x K ﬁeac ed
~ SR 5 ml 5 ml 3.8 ml 0.8 ml
100 ml., {‘ 10 ml 8 ml 5,6 ml 1.8 ml
R : 20 ml 5 ml 1.3 ml be6 ml
- 200 ml. { 10 ml 5 ml 2.8 ml 1.9 ml
L A 20 ml 5 ml 1.0 ml .7 ml

The table shows the reproducibility*of results and
that the method is quite quantitative.
To investigate the conditions necessary for

titration the potentiometer was used. It was found that

when an excess of NagSgOp was added 1t took a little time for

E to come,to a steady value - corresponding to the time

necessary for the completion‘ofbréactién. This took from tén

1o fifteeﬁ‘mihutes‘usually. Then asythe Ig solm.7is added

the B drops slowly, untll at the end point 1t drops qulte'

rapldly. An example . i8 glven. 8 ml of thlosulphate were added

%0 5~ml of reagent and when,ﬁ was steady the~solutlon was

tiprated Withf12~soln.‘(automatioally stirred)‘ W

'

VOla of?IQ 5. Voli of To § .. E
0 ml- Be4d l.4ml., | 3.8
0.2 ml 8.7 1.5 =n 3472
0055 ™ 3.8 L7 1 3.62
07" 3.85 1.8 " 3.60
0.8." 3.90 1.9 " | .55
1.0 " 3.90 2.2 2.9 -
i 1.2 L4 ' 3.85 245 " |drops rapidly

Tne tltratlon was carrled on falrly slowly in the
above determlnation. Further tltratlons were made u51ng

the potentiometer. and hav1ng the starch 1ndlcator in

:~solution at the same time. The results‘are as follows:
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1. 5 ml. of,réagent,‘e ml. of thiosulphate
~Indieater end point - 5.7 ml. thiosulphate'reaoted.
'Potentiomeﬁer end point " | o "
,2.‘6kml.kof reagent, lokml; of thiosulphate
- Indicator end poiﬁt - 7 ml. thiosulphate reacted
 Potentiomenter " e? - 6.9;" ~ “k o
3. 10 ml. of'reagent, 15 ml. of thiosulphate
IndicetOr end point - 11.4 ml. reacted
“Potentlometer oo o nooon 2 ;
| ~ The end point\appéars gulckly but does nof lasf~l
very long, probably due to adsorption of I from solutlon
iby the preclpltate, 0.1 ml, will restore the colour.‘
5 Further tests using 0.005 N solutlons of Nazsgos
and 12 showed that to get best results the thiosulphate must
be added drop by drop Wlth aunomaﬁle stlrrlng. Two or three,
;ml~ of HCl and a llttle NaCl must be present. |
| With larger VOlumes of reagent less thlosulphate

appears to,react/W1tn‘the reagents - This 1is probably because

¢

‘~tooelarge a volume of iodine is used because of adsorption.
The fading end point would seem to eonfirm this,'the

‘analysis of tin solutions glves the same results (q.v.).

- The Tin Precipitate

~ Both derivatives used give a white crystalline
preeipitate with tin, proﬁiding the solution is saturated
With NaCl and conmbains a little HGl. The purpose of the
'NaClkis torform sodium chlerostannate and kee? the resulting

tetraphenyl arsoniﬁm,ohlorostannate (or triphenyl napthyl

B M L madi a2y e e

o3
i
%




19

- arsonium chlorostannate) insoluble. Thelpumpose\of the,HCl‘
is to prevent hydrolysis. :The precipitates slowly dissolve

inwwater.

Tiﬁ_Determination
Wlllard and Smith give the dlrectlons for precipi-~
"tatlng tetraphenyl arsonium chlorostannate as: "2 ce. of
Hcl.and enougthaGl are added to give a 2.5 to 5;0 M cone

. centration of NaCllin a final volume of 60 mMl. ". It was
"found that the tetraphenyl arsonium chloride would not glve
| a preclpltate w1th L mg.‘of tin under these condltlons but
that the new derivative did. PFurthermore the solution muet
\be satdratedkwlth NaClkand“in Washing‘the precipitate a :
saturated solution of NaGl must also be used.

A tin solutlon we.s made by dlssolv1ng tin in HC1

) and complete ex1datlon to the stannlc condition wa.s ensured.

- Thls was Suanqardlzed with an 1odine solution and found to

contain 9 mg. of‘tin per 10 ml. A glven volume of the tin

;~solutiOH was measured, one- or two ml. of HCl added and the -

: solufionfwas made up to 60 ml. and saturated with NaCl. The/
solutions tested below were allowed to stand for an hour or two,

ﬂafterjaddition of an excess ef“reagent, then filtered through

. number 40 Whatman and washed with saturated NaCl until free

of reagent, (testing filtrate with Is soln.). The precipitate

was washed WitnlgMStream of/water,from a wash bottle into a
160 ml. besker. A few ml. of HCL and a little NaCl were

fadded then a measured volume of NagSo0zwdiop by drop, with
'~stirr1ng. The excess NagSgOg was then back titrated with
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Suggestions for further work

. The composition of the thiosulphate precipitate and

new derivafive must be known for certain.

Tﬁe conditions necessary for determining larger
guantities df,reagent‘(and therefore of tin) must be mare
fully~invéstigétedt | |

B The properties of a higher derivative éould be
compared Wiﬁh the others. Eg. trinapthyl‘arsine can be
made (17); it may be possible to prepare trinapthyl phenyl
arsonium chloride or‘tetrénapﬁhyl arSonium\Ohloride; The
arsonitn cbmpbuhds‘bouidkalsb be compafed to the stiboniumg,
bhosphdnium'andrammonium compounds. - To this end tfiphenyl
stibine was obtained but time has not permitted an iﬁvésti;

gation along these lines.

The reagent reacts with the thiocyanate.eomplexes ,

of cObalt,and iron. It may be possible to use it‘forfoobélt

if the ihterference of iron could Ve removed. Apparently

iron gives a great deal of trouble in determining Co in ores.

with a - nitroso B = napthol.

The'feégentkalso preoipitates gold and platinum

S in presence of HCl, probably the chloroaurate and chloroplat-

inate being precipitated. It may be possible to use this

property in qualitative analysis.
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an I, solution,

2 | |
| Normslity of NagS,0, sol'n. - 0.0052 ' :
1 ml. of 12 ~ 0,96 ml, of'Nazszo5
Vol. of | Ne,5.0 I, titer | Na,S,0 Tin T «
Sn soln. | ‘efia8a® | * ReScfed Found krror
l1.2m. | 5.lml. | 2.4ml. 2.8 ml. 1.7 ml. | -0.1 mg.
2¢ 4 ml, 1005 ml. : 408 mle 5.9 mlo 566 mle‘ 0.0 mg.
3. & mlo 15:-4 mlé T2 mls 6}..5:'1111@‘ 4¢1 mlo ..O.,4,mge"' ;
o] - 40'7;’31‘@ 15.51111@ 5;7,11110 1000 nﬂ-o 6@2 Smlo —Ov.il mg.e : . f
5.8 mle 16,0 mls | 4.4 ml. 11.8 ml. 7.8 ml. | 40.1 mg. e
6. 1oml, |18.3ml. | 6.1 ml, 12.4 ml. 7.7ml, | 1.3mg, | )

It can not be emphasized too much. that a. saturated solution §
of NaCl must be ‘used Saturatlon must always be tested.by,addlng a

little HC1 to the-Nalesulution,Whence some solid salt'Will?precipitaiea

_When higher volumes of tin were used; results were low: thus %

~ for 12.6 mg. of tin, only 10.3 mg. were found. G ﬁ & i
“ Conelusions; - ~ -  §

, l, A method has been descrlbed for determining small .amounts g

: of tin in the stannlc condltlon' this may. be applied to- larger amounts : , %
of tin if adsorpthn“effacts can be overcome. (thus, lO,ml.of,conc,, ' E

HC1 prevents a fading end-points) . I o R

2, The error due to atmospheric oxidation of stannous tin

is thus~remove&a‘

'3, The time reguired for analysis is shortemed by stirring.
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