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Setterberg , in 1882 , (Orversigt K. Vetensk- Akad, _Fofhandl ., 

1882 .) succeeded in preparing a black salt of antimony and 

caesium, a double chlorid , the emperical formula of which was 

found to be Cs ~SbC16 or 4 CsCl . SbC13 . SbC15 • Hi s met hod was to 

treat a boiling solution or antimony trichlori d in concentrated 

hydrochloric acid w~th a11equally strong solut i on or antimony 

pentachlorid alee in cone . hydrochlori c and an e~cess of a 

saturated solut i on of caesium chlorid . He described t he ·crystals 

as short prisms . Later work by Welle and Metzger , ( Amer. Chem . 

Jour . 26 , 1901, p . 268 . ) however , leaves us in doubt as to 

t he t rue f orm, as the salt prepared by them in the same way, 

c r ystall i zed in octahedra . This seems more likely t o be correct . 

As the antimony in the black salt of Setterber g has the 

valence of four , i t appears to be a member of the series of 

hexahalids , such double Chlorids as Cs~ PtC16 , Cs~PbCl ~ , Cs~SnCl& 

etc. The primar y object of this work was to prepare , if possible, 

t he corresponding salt of potassium amd arseni c . Previous work 

along the same line has been done in the Washington and Lee 

l abrat ory , except that the efforts have been to precipi tate the 

' s alts from cold solutions while in this case the solutions 

were all hot . All the se earlier attempts have been f or the 

most part, unsuccessful , altho i n one i ns tance on r e cord a 

very dark br own salt having the octahedra for m was prepared . 

But as these crystals wer e very close ly associated with some 

extreme ly minute other crystals as arsenious oxid and probabl y 

an arsenate, their composition could not be definately estab

lished . The work was done wi th rubid um chlorid so t here is a 
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possibility that their formula was Rb.c.AsClQ, a member of the 

same series . All efforts in connection with this paper were 

in the main, unsuccessful, but several very interesting facts 

were brought out regarding the equilibrium of arsenic acid 

and potassium chlorid i n a hot solution of hydrochlor ic acid . 

The general method used was to prepare an absolutely 

_saturated 'solution of potassium chlorid in hydrochl ori c acid 

at boiling temperature. Then wh ile still hot, arseni c a cid , 

concentrated to over 90%, was added and a stron~ s tream of 

hydrochloric acid gas led in . The proportions and other details 

were varied in every case. Each time a considerable quantity 

of white crystals came down . These were analyzed qua l i tatively 

for chlorin with AgNO~ and for pentavalent arsenic wi t h both 

magnesia mixture s.md AgN03 ,the latter giving a brown pr ecipi

tate soluble in n itric acid. 

A quantitative determination then was carried out. First 

the arsenic was titrated with uranium acetate standardized 

with pure arsenious oxid in n itric acid. This titrat i on for 

the AsO~ group - f or t he pent ava lent arsenic i s i n this form 

in solut i on due to h drolv sis - is qui t e dif f erent . Th e i ndi 

c at or i s a f r esh l y prep are d s ol ut ion of po t assium fe rro-cyanid 

and i s ext e r nal . As the b~own shade given t h i s by uran u 

ace ta t e vari es wi t h t he co ncent r at ion o f the ind icator and a s o 

of the solut ion ti t ra t ed, i t WP S ha rd to ? et t he s ame end-point 

in the se reral an8l ys is _ r un, especially as the indicator could 

not be s a ed from day t o day . To r eme t h i s a f nr poss i bl e 
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the samples were put into solution in the same quanti t y o f 

water e·ach time. A little ammonium h y droxid was added to 

.iust alkaline r e action to neutrali z e any mineral acid pre s ent ,. 

i nd then acetic acic add e ~ to sl irht iy a cid reac t ion for t i

t r ation. Also t h e uranium acet ate WAS made quiee wekk to f a cil 

itate a ccura cy . 

Th e chlorin wa ~ then determi ned ~ r titration with s ilver 

n i t r a te , st and ardized against potassium chlorid . I t wa s f ounc 

t hat t h i s ana l ysis c ou ld b e carried out with t be SF.me sooap l e s 

after the a rsenic h ad been preci pitated a s uranium nrsenat e . 

Th e red color of the potassium ch romate indicat or was suff :i:ci ent

ly st r ong to be efficient e ven with the yetlow arsen ate p r es e n t . 

In a f e w c as e s t h e r e sults were verified with new samples us i n g 

an exc e ss of s ilver nitrate in n i tric a ci d s olution and ti vnatin ~ 

back wit h potassium t h io - cyan id solut i on . Th e indicato r i n 

thi s c a se wa fe rric-nitrate . 

In the prep a ration of most of t h e salt s made , the cr;rs t a l l

ization was allowed to take place on co o linv . I n two c ase s , 

howeve r , the solutions a ft e r t he mi xture w- s ,ade were k ept 

t oilinp- 1.rn ;.._.11 almo s t dr'" • S0>2 g as wa s l e t i n after the mixt u r e 

i n s e v e r a l cas e s to s ee i f it would reduc e p~rt of t h e c r s en i c . 

None wa s r e du c e _ as s h o wn b ·r the a b s enc e of t rival ent a rseni c 

when t e s ted i n a sod i um b i c arh on te solut i on 11 t h i odine . 

•·cnoth e r me t h od wa s t r i e d us i n g t ri v lent a rs e n i c as w·~ 11 

as t h e p ent av alen t . The resul t s Rre g i ren i n t h e t a l e wh i ch 



follows . One ery intere sting fact should b e noted , h owe ,•er. 

Th a ~senious oxid use~ ~as put in solution in con ~e~t r at ed 

HCl leadin~ the gas in the while . It was not very solub l e . 

i n this even when boiling . Put hen a saturated solu ~ion Cl 

was added to the boiling mixture, the solubility of t h e AS203 

was markedl r increases . h e reason for thi is pro 8b l y du e 

to the form8tio n of a douhle ch lorid of arsenic an~ pot 9s siwn. 

The fol oi ing tAble will h o, t · e r e sults in brief o f a 

nu ber of the reparations. ~any otherP were made u t qual it a 

tive analysis pro ~ed them to be valuel e ss . 

Cl 

1 1:1 

2 l ; l 

3 

4 1:2 

5 1:1 

6 1:2 

7 1: -z 

8 

6 . 5 

3 . G 

4 . 7 

3 . 4 

3 . 5 

3.6 

3.0 

1 . 8 

12 . 0 42 . 9 

5 . 5 43 . 8 

8 . 7 54 . 0 

t ·. 6 43 . 3 

6 . 5 43 . 

6 . 6 43 . 0 

5 . 6 43 . 0 

3.3 43 . 2 

i KCl emarks 

90 . 5 Poiled dov~ n to al -
most drynes s. 

92 . 0 ff 

JCJHI-,#(%, 
81 . 0 N_H4Cl used i n p l a c e . 

of ~Cl 
91 . 0 

90 . 4 Led in a l ittl e so2 
while boil i n c- . 

90 . 5. " 
90 . 9 

91 . 1 A~203 al so us ed. 

The proportions in number 8 ~ere As 2o3 : H3 As04 

1:1.43:0. 76 , calculated from t he supposed equation, 

KCl as 

H3As04 +AsCl3+ 5HC1+ 4KC1 :2K2AsCls+ 4H20 

It was found that there was no trivalent arsenic in the crys

tal! that came down . 
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A detai l ed account of the preparation of one of t he sample s 

wi ll be sufficient for all as the several variations have been 

indi cated already . Take for example# 1 . The proport ions we re 

1: 1 , whi ch seemed the best supposin~ the factor t o be for the 

we i ghed qua~tities, 2 ~~l/H3As04 a"d thw acid to be be t ween 

90; and !OO;o pure . So 4 gms . of each were taken . The K.Ul was 

put i n cone. Hvl and- boiled until dissolved . Then H~l gas was 

·1ed i n . It was generated by sulfuri c acid , dilute , on common 

salt and washed thru cone . hydrochloric . The boiling of t he 
~ potassium chlorid solution was continued until the crystal s stal, -

ed t o come out . Then a few drops of water were added to dissolve 

these . Thi s assured an absolutely concentrated solut i on at the 

boilin@: temperature , a thing desi,red to prevent hydrolysis as 

far as possible . The arsenic acid was then added , t he HC l gas 

being cont inued the while . In# 1 , the boi ling was cont inued 
. 

until the volume or the solution had become so small that 

spat t ering commenced . The cryst als were then removed f r om t he 

beaker onto filter paper, washed with very concent rated HCl 

and dried thoroughly in a sulfuric ac i d dessicator. They were 

then ready for analysis . 

While the above precentages are probably a l ittle hi h , 

owi ng to a s light difference of end- points t~ken in the stan

dardization of t he uranium acetate and the tit r at i ons of the 

salts, they suf fi ce t o show without ~ doubt , t hat the numer

ous s alts forme d were not double chlorid s but merel y mixture s 

of KCl and probably K3Aso4 • The gre&ter part of the arseni c 
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acid remai ned i n solution as wa s shown b the fac t that severel 

samples of the solutions when boiled down &fter the salt h ad 

been removed , became very viscous, due to t he a l most pure acid . 

Looking at the last column in the t able of percent8ges , ,,, 

the amounts ,of potassium chlorid considering &11 the chlorin 

to be in this form, we see that the fi gures are nearly constant 

and are quite high . This indicates that the equilibrium is up

set in such aw Y, ~on cooling, ~that the potassium chlori d ie 

nearly completely precipit ated taking with it a small amount 

of the arsenic . It is interesting to note t hat the amounts of 

chlorin in the several mixtures are so constant . This may be 

accounted for by the great excess of c1- ions present f rom 

the hydrochloric cid . 

After the crystals had been filtered· from sample # 8 i n 

which the trivalent arsenic was used with the pentavalent , · 

so2 gas ( generated by cone . H2so4 on charcoal) was led in 

to the solution to reduce any Asv , and the solution part ially 

evaporated. On standing, a few regular crystals separated out. 

The amount was not sufficient for a quantitative determi nation . 

A microscopic examination showed their form to . be isome t r i c , 

octahedra., truncated by cube . Then a very careful qualitative 

examination showed the presence of chlorin, tri valent arsenic 

and pot ass i um . The f ormul was likely 3 KCl . 2 AsC13 or K3As 2c19 , 

a salt described by H. L. Whee l er . ( Jour . of Chem. Soc i ety, 64-II 

1893 .) This indicates t hat the equilibrium of the trivalent 

ar~en i c is not disturbed until aft er the new equilibrium of 
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the potassium chlorid and the arsenate is established . 


