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Microscopic Chemical Reactions of the acids 
of Chlorine, Bromine and Iodine. 

E. M. C h a m o t  and C. W. M a s o n .  

[Laboratory of Chemical Microscopy, DeparI,ment o~f Chemistry Cornell 
Universi~, I~hc,ca, N.Y., U.S. AJ 

II. 
In Par t  I of the present  work~ the microscopic qualitative 

reactions of the halogen acids giving silver sails insoluble in HNO~ 
were discussed. According to the classification of Bunsen and 
Treadwell the next group to be considered comprises acids the 
silver salts of which are  insoluble in water  but soluble in dilute 
HNO~ {Group IlL 

Any division based  on solubliiy is open Io the obiection thai 
its l.imits c,annot be  shc~rply d.ef~,ned; e. g., it, is possible for BrOw- 
to appear  in Group llI, if the concentrat ion of HNO~ is relatively 
high, for AgBrOs is appreciably soluble. However, this is not 
objectionably, since it will be  recognized in Group II, and will not 
Be confused with any member of Group III because  of the speci-  
fiCity of its reaction with m-phenvlenediamine.  No other radical 
yields Br2 on reduction. 

P e r i o d a .t e ion IlO~--i is the only at.her representat ive of the 
halogen acids falling in Group II. The physical chemistry of the 
silver per iodates  is somewhat  in cluestionL and the acidity of the 
solution has a marked effect  upon )he nature of the precipitate 
obtained with Ag+. From neutral or v e r y s 1 i g h t 1 y acid solu- 
lions of IO~- a preeipii.ate is obta.iaed wh'icl~ is sat isfaclory a~s a 
test, even though opinon is divided as to whether it consists of 
AgalOs or AgslOe. It is yellow |o orange  at firM, fine grained, 
highly refractive, and probably owes its light color to its fine sta_te 
of subdivision and high index of refraction. On standing, prefer-  
ably on healing, the fine particles grow and their crystal form 
becomes  apparent,  while the color of the precipitate darkens 
nearly to black. No phase  transformation seems to be involved, 
for the fine grains first formed, as far as can be observed,  have 
a habit similar to the crystals developing later. These last are  

Mika'oche ,ir6e, 5, 85--101 {1927). 
M e l l  o r, Inor,g, an. and Theo.reL Chem. Vol. II, p. 410, Longmans 

and Co., Lonxton [1922). 
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hexagonal and trian,gular pl,ates and sMrs, w,h~zh may change 
into snowflake forms. They are dark brown by transmitted lighi, 
or if finely enough divided, yellow. Birefringence is fairly strong. 
The precipitate may be dissolved in HNO~ and reprecipitated by 
NH~OH, but only fine crystalline grains are obtained by this 
procedure. 

If the precipitation lakes place in a solution containing an 
appreciable amount of HN03 a different type of crystals appears. 
These have been given the formula Ag2H~IOs (or Ag,I~O~. 5H=O). 
The crystals are pale straw-yellow, acute rhombohedral in habit, 
exhibiting symmetrical extinction and fairly strong birefringence. 
They are very soluble in HNO3, and if more than a very small 
amount of the latter is present they will not be formed. 

From solutions strongly acid with HNO,, or from HNO3 solu- 
tions of either Ag2H3IO6 or AgsIO~ a third type of crystals may 
be obtained. These are highly soluble, and would not be likely to 
occur in a test. They are tetragonal bipyramidal in form, and are 
isomorphous with KIO,, so their formula must be AgIO,. They are 
yellow in color, more soluble than KIO,, are highly refractive, and 
show strong birefringence. On the addition of water these crystals 
decompose to a fine grained mass, composed of tiny but typical 
crystals of Ag2H3IO6. 

Of all the above precipitates, only the first is insoluble enough 
for a qualitative test, and it is suitable only under the proper con- 
ditions, namely when the solution to be tested is neutral or o n ly  
v e  ry  s l i g h t l y  a c i d .  under these conditions a precipitate of 
Ag~IOe may. be obtained with concentrations corresponding to 
about 0.0005 gram NolO, per cc (20 ~.g. IO4- per d.rop]. If more 
than a very small amount of acid is present, only very concen- 
trated solutions of periodales are likely to give a precipitate. The 
color of the freshly precipitated, finely subdivided AgsIOe, and 
it.* subsequent development of characteristic crystals, with darken- 
ing color, are typical, and tin themselves would idemtify I O , - .  The 
only other colored Ag precipitate likely to be confused with the 
AosIO6 is Ag,AsO~, but since this is much less readily soluble in 
HNO~, forms crystals bristling with long slender needles, and may 
be i.dentified by other .~ests, A s O ~ - - -  i's .not likely to lead to error. 
Ag~CrO,, and Ag~Cr20, are also colored, but they do not exhibit 
any sequence of color changes, are of entirely c~ifferent crystal 
habit, and unless so thick as to appear opaque, are of a clearer, 

3* 
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much more reddish hue by transmitted light. If these salts have 
been studied they need never be confused with the AgsIO~ pre- 
cipitate. 

As confirmatory tests for IOn- a number of ,re~cfion,s are 
av~i.lable. K+ gives with IO4- a characteristic preoipilol, e of KIP,, 
acute tetragonal bipyramids, of fairly strong birefringence, not 
readily soluble in HNO3. These are obtained with concentrations 
greater than 0.001 gram NalO~ per cc (40 ~g IO~- l:~er dropl. Rb+ 
and Cs+ give similar c~stals,  rather more soluble in water. This 
precipitation of KIP4 is of the same order of sensitivity as that of 
KCIO~ as a test for CIO~-, and is very disfinciJive, for .acids givifig 
potassium salts of very low solubility, are few indeed. 

Periodates are reducible to iodine in much the same manner 
as are the iodaies 3. The iodine is identified by the starch reaction. 
It is possible thus to detect iodales in concentrations corresponding 
at 0.0005 gram NalO~ per cc (20 ag. IO~- r~er d, ropl. 

This reduction is also applicable to the AgdOe precipitate, 
which is dissolved in a very slight excess of HNO3 or H2SO~, and 
acted upon by the reducing agent (hydroxvlamine sulphate, metallic 
Zn, etc.). A very fine white precipitate of AgI is formed. The re- 
action with starch does not lake place, probably because of the 
precipitation of all the iodine in the form of very insoluble Agl. 

The fact iha115a ~-+ g,ives no precipitate with IO~- ai,ds in ,distin~ 
gu~shing R from IOn-, or in separ~[~ing 15a(IO~l~ by precipitation so 
that the filtrate may be tested for IO4- xvfl,h Ag+. 

The non-halogen radicals of Oroup II include acetate, borate, 
carbonate, cyanate, oxalale, sulphate, sulphite, thiosulphate, and 
tartrale, giving colorless precipitates with Ag+, and arseniie, 
arsenate, chromate, permanganate, phosphate, and sulphide, 
giving colored precipitates. Most of these precipitates are recog- 
nizeable at once, and are not likely to be mistaken for those of 
the halogen acids. Identity tests are available for each of these 
radicals so thai it is an easy mailer to avoid confusing them with 
the halogen acids of this or other groups. 

O r o u p IIl of the Bunsen -- Treadwell classification includes 
those acids which form no insoluble silver salts. Of the halogen 
radicals, perchlorate and chlorate fall in this group, which also 
contains the sulphate and nitrate radicals. 

3 Mikrochemie, 5, 98 (1927}. 
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P e r c h 1 o r a t e s. The most d,isi, inctive reaction of CIO4-  is 
the formation of a characterist ic precipitate with K+. Orthorhombic 
pi-isms and rhomb shaped forms are obtained in well crystal l ized 
habit. These are isomorphous with KMnO4, and are readily colored  
(solid solutionl by the latter if a little is added  th the test drop. 
The lest is thus rendered more easily observable.  Skele ton forms 
occur  if the concentration of CIOa- is high. Since the above  test ,is 
only moderate ly  sensitive, other members of the same isomorphous 
series were tested out, in the hope that a less soluble salt might 
be obtained. Rb + .is no more sensitive for C10~- f, han K+. Cs+ on,d 
TI+ are much less sensitive in practise. N{CH3}~CIO~ is listed as 
having a solubility only about ~/~ thai of KC10~; as a test  it is 
distinctly less sensitive than the latter. Exposure to alcohol vapor  
was not found to hasten the appea rance  of KCIO~ crystals. The 
limit of sensitivity of the above lest is about 0.001 gram HCIO~ 
per cc. (50 ag. per drool. 

Strychnine sulphate gives a precipitate of simple rectangular ,  
lath shaped  forms with CIO~-. These have ,/cry weak birefrigence, 
parallel extinction, and tend to grow in parallel clusters, especial ly 
if the reagent  is added as a solid. These crystals cross each  other 
aI right angles, overlying the fragment of strychnine sulphate, and 
giving:an appearance  similar to a f rayed bit of cloth. The concen-  
tration of the reagent  is best kept low. The sensitivity of this test 
is about  0.0005 gram HC10~ per cc. (10 ~g. per drool. 

Other  microscopic reactions of perchlorales  are on record,  
but they are  of cluestionable specificity. 

C h 1 o r a t e s are difficult to identify. The lack of insoluble 
sails eliminates any direct precipitation tests, though this negat ive 
evidence is not without value. Recourse must be had to some 
indirect procedure,  either oxidation or reduction of CIOs- ,  and 
identification of the reaction products.  Chlorates may be  trans.- 
formed to perchloraies  by heatin0 to dryness with H~SO~, but the 
HC10~ formed is volatile, and may be lost. The H~SO4 is supposed  
to serve as a preventive of overheating, as well as to facili tate the 
reaction, but neither function is performed perfect ly  enough to 
make the .transformation even approximately q~aan~itafive. The C10~- 
Io~med is recognized by the precipitate it gives with K+, preferably  
in the presence  of MnO4-. In pracf, ise, the above  method has many 
shortcomings, and is not always reliable on a micro scale.  

The oxidation of CIO~- 1o CIO~- by persullaha.les, using Ag + 
as a ca|alysI, does not appear  to yield results suitable for micro-  
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analysis. A more reliable method of identifying CIO3- is by reducing 
,it to CI- .  Hydroxyl.amine sulphate .does not accomplish this though it 
does  reduce 15r, O3-  and 103- ;  bttt sulpl-fites, ferrous sal.ts, or metallic 
Zn in acid solution, a.re very effective. The CI -  formed is ideld,ified in 
the usual way, with Aft+, Pb++, etc. The Zn metal should be 
removed before  the sails of the heavy metals are added,  or these 
will be ,,plated out" and will not be available for the test. SO~. is 
very useful for the reduction of CIO3- to C I - ,  when t,he introduction 
of a salt into the solution might be undesirable. It may be  genera ted  
in a micro-crucible, and the drop to be tested exposed  to the action 
of the gas, an, d, then tested for C1- with A9 +, or the Ag+ may be put 
into the test drop before  it is exposed  to the SO=. In either case  
sufficient HNO3 must be present to prevent the precipitation of 
Ag~.SOs, which might be confused wi,th AgCI formed from CIO3-.  
Concentrations of KCIOs greater  than 0.001 gram per cc. {50v~g. 
per drop} give on reduction distinct precipitates of AgCi, and a 
faint precipitate is obtainable with about  0.0001 gram of KCIO3 

per cc. 

KMnO4 is not decolor ized by solutions of chlorates,  though 

it is by chlorites, or by CIO2. 
Since AgBrO3 is slightly soluble, especially in hot water, there 

is a possibility of 15rO3- appearing .in .the group wit.h C104-  and 
CIO3-,  though unless a very small amount  of t5rO3- is present, it will 
have been identified in the group of aci, ds g,i,ving silver sails insoluble 
in HNOs. If there is any question a s  to a positive test for C103-  {by 
reduction} being due to BrO3- ,  .the reduction test  using m-phenylene 
diamine may be applied to the solution of AgBrOs, and thus even 
a small amount of t5rO3- may be detected.in the presence  of C1,O3-. 
But, if a small amount of C lOs -  ~i.~ present  w£l,h a l, a roe  amount of 
BrO3-  the identification is less simple. The chromyl chloride test is 
applicable where no other compounds of chlorine are present. It 
is al'so possible ~o reduce  ~he 15rO3- with hyd,roxytamine sulphed.e, 
which w, ill not reduce the C1Os-;  precipi,iate and filter off the AgBr, 
and test for CIO3- in the f.ilt.rate by reduction with metallic Zn, 
FeSO~, etc. This procedure  is indirect, and is only moderately 

satisfactory on a micro scale. 
The reaction of concentra led H2SO4 with a dry chlorate 

forms chlorine dioxide as well as HCIO~, and the CIO~. may be 
made the basis of a useful test. The deep yellow color of the CIO.~, 
either as a gas, or belier, dissolved in the H.oSO4, is apparent  when 
1 drop of a solui, ion of 0.001 gram KCIOs per cc. {50 ~g. CIOs-)  is 
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evaporated to dryness, and a small amount of H,.SO, added. The 
CIO2 thus evolved may be distinguished from CI., and Br~ by the 
fact that it decolorizes KMnO~, causing a precipitate of light 
brown, amorphous flocculent MnO.~ in the test drop. This is best 
carried out in a micro-crucible, as a distillation test. 

CIO2, evolved in a micro-crucible, may also be recognized 
by means of a hanging-drop lest with Pb/C~H30.~12 solution. 
Pb(CIOd,. is formed, as described below under the reactions of 
chlorites. 

ACIDS NOT READILY CLASSIFIED. 

C.IO-, 13tO-, I O - :  ClO.~-. 

A number of acids of the halogens show somewhat ano- 
malous behavior. Ideally, they give Ag salts of definite composition 
and solubility, but actually, under the conditions of microscopic 
analysis, these are not to be relied upon. The precipitate either 
does not form, owing to the absence of the particular conditions 
necessary, or it forms only to be immediately decomposed into some 
other compound, which may give a different precipitate. On 
account of this, such acids cannot be grouped definitely on the 
basis of their ideal Ag salts, but rather on the basis of those 
actually obtained, and on other properties. 

I-I y p o h a I i t e s. Strictly speaking, these salts belong with 
those of the acids whose silver salts are soluble in water, but this 
classification is of lib,tie use in analyst,s, for ~he .insto.,bility of the 
hypohalites is such that they are in effect characterized more by 
their oxidizing power and by their decomposition products, than 
by the reactions of the |heoretically pure compounds themselves. 
Hypohaliles are present in any solution of a halogen in water, and 
conversely their solutions decompose readily on acidification to 
liberate the halogen. Heating a solution of a hypohalite causes it 
to be transformed to a mixture of the corresponding halide and 
halale; thus a hypochlorite will give a precipitate of AgC1 with 
Ag+, and a hypaiod'ile, one of Agl and AglO~. The ideni.ification of 
the decomposition products of the hypohaliles is simple. But since 
these decomposition products alone do not identify the hypohalite, 
evidence of its oxidizing power is necessary. 

Solutions of hypohaliles ordinarily smell of the free halogen; 
even such a weak acid as H.~CO3 decomposes hvpochloriles, forming 
HCIO, which is unstable and gives off Ch. Any tests employed for 
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the identilication of the free halogens are best carried out in test 
drops, exposed to the hypohalite contained in a micro-crucible. 

CI, from decomposition of hypochlorites may be identified by 
the precipitate of AgCI which it gives with a lest drop of AgNO3, 
or by similar reactions with Pb++ or TI+ sails. The fact thai the 
chloride is the only substance precipitated [any chlorates formed 
being solublel is distinctive, since Br~ or I= will give precipitates of 
bromates or iodates, in addition to the insoluble halide, and these 
may be recognized by their anisotropic character. 

If Br= is known to be absent, CI~ may be recognized by its 
oxidizing action on KBr; a test drop containing a little KBr and 
some m-phenylene diamine is exposed to the gas, and if CI2 is 
present a test for Br., will be 6btained in the drop. 

The fact thai CI= does not decolorize KMnO, solution is 
worthy of note because it serves to distinguish between Ci2 
and CIO... 

Br.. from hypobromites is identified by the m-phenylene 
diamine reaction. The fact thai insoluble AgBrOa is formed, as well 
as AgBr, is also of value. 

19 from hypoiodiies is recognized by the starch reaction; with 
AgNOs, Agl03 arid ~gI are precipitated. The other reactions for 
1- may be applied, if desired, for confirmatory tests. 

Cloriies are of rare occurence, and are notably unstable, 
particularly in solution, so that they are not as likely to be present 
in an unknown as are the other halogen acids. Their decomposition 
Io CI-  and CIO~- is common, wh.ile their formcr~on, generally from 
chlorine dioxide, is very likely to be accompanied by the formation 
of ClO~-. 

All chlorites are soluble except those of lead and silver. Of 
these two, PbfCIO~)= is the more useful in analysis for it may be 
precipitated in very weakly acid solution and is moderately stable; 
but if the solution is more than s li  g h t ly  acid this salt is readily 
soluble with the evolution of the gas CIO., and the formation of 
CI~ in soi ation. 

Pb[CIO2)2 forms very fine grained platelets and tiny prisms 
and crosses which are highly refractive and strongly birefringenI. 

AgCIO2 is formed only in alkaline solulion and is moderately 
soluble; its habit appears to vary considerably with the conditions 
of precipitation and it is probable thai the composition of the 
precipitate varies also; but since only anisotropic crystals are 
obtained, this serves definitely fo distinguish AgCIO~ from AgCI. 
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S i n c e  ch lo r i t e s  l i b e r a t e  CIO= on hea l ing ,  the  r e a c t i o n  of this  

g a s  with KMnO~ m a y  b e  u s e d  in the i r  iden t i f ica t ion .  

P R E L I M I N A R Y  TESTS.  

If a l imi ted  a m o u n t  of  the  s a m p l e  is a v a i l a b l e  on ly  a smal l  

po r t i on  shou ld  b e  e x p e n d e d  upon  the p r e l i m i n a r y  t e s t s  ou t l ined  

be low.  The bulk  of  the  s a m p l e  shou ld  b e  r e s e r v e d  for  w h a t e v e r  

c o n f i r m a t o r y  t e s t s  a r e  i n d i c a t e d  b y  the g r o u p  r e a c t i ons .  

The  fo l lowing  out l ine  is p r e s e n t e d  mere ly  a s  a g u i d e  1o 

p o s s i b l e  p r o c e d u r e  a n d  is one  which  w e  h a w e  found  usefu l ;  but  it 

shou ld  not  b e  "fol lowed s l av i sh ly  if a n y  o t h e r  o r d e r  o r  t e s t s  s e e m  

more  a p p r o p r i a t e  to the  p a r t i c u l a r  p r o b l e m  in hand .  

PROC, ~EDUI~. 

To a drop o.f the neu,tral or only Very sli~hfly acid sol,t~fion to be 

tested add Ag'NO3 sol~u.iion in sli~h~ excess.  

R. No precipitate is obtained. 
There may be present . . . . . . . . . . .  CIO3--, CIO~- 
a) Reduce and test for CI--. 
b) Evaporate solution to dryness, add a drop 

concentrated H~SO~; there is evolution of 
CIO~-- and formation of CIO~-- on heating . . . . . .  CIO3-" 

c) Concentrate solution. P~dd K-F and a very 
little KMnO~. Characteristic crystals . . . .  CIO~-- 

B. /~ precipitate is obtained . . . . . . . . . .  IO--~, CI--, BrOs--, IO3--, 
CIO--, BrO--, IO--, CIO~-- 

Note color and crystalline character of preci- 
pitate. Filter and wash ppt. Test filtrate as in iS. 
I. Extract t~recipitate with dilute HNO s (1:10). 

a) The precipitate dissolves . . . . . . . .  IOn'- 
Identify by reduction. 

b) The precipitate is insoluble in HNO 3, Ex- 
tract repeatedly with hot water. Concen- 
trate extracts and lest for . . . . . . . .  BrO3- 
Confirm by reduction of original material. 

1L Extract the precipitate with NH~OH (1:4). 

a) The precipitate is soluble. B.llow the.so-  
lution to evaporate at room tempera- 
ture. Examine for crystals . . . . . . .  CI--, Br--, IOs-- 
Confirm 103-- with reduction test: Br-- 
with oxidation test :  C1-- with /~g+ after 
removal of Br-- and I-- by oxidation. 

b)/~ residue remains . . . . . . . . . . .  1--, (Br--) 
Confirm 1-- with oxidation. 
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C. In all cases in which a ppt. has been obtained 
with PtgNO 3, test for the presence of . . . .  CIO--, BrO--, IO--, CIO~-" 
by methods discussed under Rcids not  
Readily Classified. 

In the Bunsen-Treadwell  classification of acids the customary 
grouping on the basis of the solubilities of barium sails, while nol 
so directly applicable to the identification of the halogen acids 
should nevertheless be utilized in conjunction with the system 
outlined above. 

Familiarity with the microscopic appea rance  ~f the precipi~ 

tales formed by Ag+ and Ba++ with the various acids may enable  
the analyst to go at once to specific confirmatory tests and thus 
greatly shorten the time required for the analysis. 

The solubilities of the barium sails of the halogen acids are  
as follows: 

Readily soluble in water: BaCI2, BaBr.., BaI2, BatCIO~):, 
Ba(ClO412, Ba(IO4)2. 

Very slightly soluble in water: Ba(BrOsi._,. 

Very slightly soluble in water  but soluble in dilute HNO:,: 
BatBrO3),. 

Not readily soluble in HNO3: Ba{IO~)=. 

It is a basic principle in microscopic qualitative analysis thal 
tests should be chosen for their cer tainty and t hei.r applicabilily 
in the presence  of a great  variety of possible substances.  The 
circumstances,  the history of the sample, the possible presence  
of interfering substances as well as the charac te r  of the information 
desired are all to be weighed in the planning of the method of 
at tack and often justify marked deviation from any systematic 
scheme of analysis. 

All these things the authors have had in mind in their dis- 
cussion of the reactions and methods whereby an analyst may be  
enabled to differentiate between salts of the various halogen acids. 
If it has seemed  to the reader  that we have entered too fully inlo 
the chemistry of the reactions involved, we can say in iustification 
that we have believed it to be essential if these tests are to be  
intelligently applied and interpreted, and are  to be time and labor 
saving. For in time and labor saving lies the chief value of micro-  
scopic analysis, rather than in its adaptabil i ty to the detection of 
small amounts of material. 
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CORRECTIONS to the  p rev ious  ariicl, es of th:is se r ies :  
Jahrg. IV, S.e~e 147: 

0,5 g .  Br . . . should r e a d  . . . 0,5 tag. Br. 
}ahrg. V, Se i le  96: 

The bes~ re~ger~t for r e v e a l i n g  the  ,p resence  of CrO~CI,, was  found  
~o ,be Bg, NO3 . . .  should  r e a d  . . .  &gJNO3. 


