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Thus the experiments with ferric chloride and cupric chloride 
fully corroborate, by positive results, and that with mercuric chlo- 
ride, by a negative result, the conjecture expressed above. \Ye 
may consider, therefore, as well established the rule that only 
those metallic chlorides, which more or less readily dissociate are  
reduced to a lower degree of chlorination when heated in a closed 
tube with ammonium chloride, the latter breaking up completely 
thereby with the setting free of nitrogen. 

In  the chemical literature I find only one instance which has a 
direct bearing on the rule in question. H. Moissan’ prepared 
chromous chloride by heating chromic chloride in ammonium 
chloride vapor. Xeither chromic nor chromous chloride being 
volatile below a red heat, it was not necessary to heat the reacting 
substances in a sealed tube, but obviously the reaction in this rase 
has to be represented by the equation 

3CrC1, + NH,Cl = 3CrC1, 4HCl-C N, 
and falls under the rule formulated above; chromic chloride is 
reduced by ammonium chloride because it dissociates. 

In  closing, I may say that while studying the action of ammo- 
nium chloride on metallic chlorides, a subject which will continue 
to occupy me in the immediate future, I have been devoting con- 
siderably more attention to the more interesting study of the 
action of ammonium chloride on the chlorides of some non-metallic 
elements, L I Z . ,  of carbon, si!icon and sulphur, and I hope to be able 
to publish the results soon. 
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IN THE course of my work a year ago on “Silver as a Reducing 
Agent,” in which the action of finely divided silver on chloric, 
iodic and chromic acids was studied quantitatively, there was oc- 
casion to study the literature regarding the action of chloric and 
related acids on other metals. I t  soon appeared clear that the 
amount of inlcrmation to be gained a b u t  the action of chloric 
acid, in particular, on the metals was very meager, and it appeared 

1 A n n .  c h m .  j h j s  [5], 25, 401 
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also that there \vere several errors? ~vliose origin in most cases 
could not he traced. that hac1 apparelltly come do\vn from treatise 
to treatise to the present timc. It seemed, therefore. desirable to 
attempt to make some coiitribatioii to the siibject, and if possible 
to clear up some contradictions and tlou1,tful poiiits, anti chi5 
seemed the inore desirable sinct: chloric acid is one of the fen- 
strong oxidizing acids, which can be obtained in the free state 
easily aiid i n  tiearl\. pure coniiition, ant1 n.hich is fairly stablc. 

Sc) far as hion-n to tne scarccl!. an!. attempt has been made to 
stuc!y quantitativel!- the actioii of chloric acid on metals. 11 is a 
highly dissociated acid and it is also a strong oxidizing agent. - i s  
might be espected, its action 011 metals may take oiie or both of 
tl\,ir courses. I t  may dissolve some metals x i th  the liberation of 
hydrogen in  about the same \va!- as hydrochloric acid. aiid with 
very little osidizing actioii : again, it ma!- act purel!. as an oxi- 
dizing agent. The course clepeiids upon the nature of the inetal 
i n  any case and the concentration of the acid. Contrar!. to state- 
ments that have been made, I do not find an!. metal that dissolves 
in chloric acid without the reduction of at least a small portioli of 
the acid. On  the ather hand, there are several metals that simply 
disappear in the acid and that rapidly anc! at ordinary tempera- 
ture. without the evolution of any g.r;s whatever. ;'moiiy these are 
catlmium, copper, aiid iron. 

l ios t  of the chloric acid in the market is far from p~i re .  and I 
ha\-e been able to obtain only one sample pure enough for use in 
this xo rk .  I t  \vas securecl from Eimer SI Xmeiid. and it contained 
no sulphuric acid, barium, or free chlorine, arid only a trace of 
hydrochloric acid. It \\-as perfectly colorless and had a concentra- 
tion of almost exactly 2.jN. This acid was used in nearly all of 
the follo\\-iiig esperiments. 111 a sample secured later the only 
impurit!- found was hydrochloric acid. Its amount v a s  deter- 
mined, and it was removed with a weighed amount of silver oxide. 

I t  was very desirable in some of these experiments to hasten 
the actioii of the acid by heat. Since it is stated in the literature 
that chloric acid in water solution decomposes into chlorine and 

deemed necessary to test the stability of the 2.jK acid at higher 
temperatures and this was done in the follon-ing ivay: -4 volume 
of 30 cc. of the acid of 2.3s strength was placed in a tulie so ar- 

perchloric acid, water, and oxygen, when heated above 4oc, It ' \\-as 



h C T I O S  OF C H L O R i C  .\CID O S  ZIETALS. 749 

raiigui that pur r  riir f m i :  c, gz1s c!.liiidt; c.~:ild be passed through 
and then 11). a suirabie exit tL:lx intc, a flask ccncaining 

'i'he t i t j ~ c -  ii.::s p1act.i i n  3 beaker of ivater, 
\ \  I i i l t  :: slo:;. currciit of air \vas passed 

tlirougli the acid tile tc'ni1 ,rr:i!1.1rc \\.a- S I  .I!- raiseil to the boiling- 
1,:jii;: '31 the water i i ~  the I-,eaiiel-. a i i c !  t Imiling n.as maintained 
i r r  half a n  hour. the sc81utioii of potassiu:n iodide 
l jep l i  to ~ h o i v  '1 ~ r : i c ~  d i  c' -cymrated iodine. -At the 
eii2 c?i tlie c.spcriii1 1 1 .  \!;I,. titratel! \\.;:\I S/ID 
t!iiosulpliate aiid required c.2 cc.. which ccrresponcls to o.~. ,  III<. p i  

c'T,:a+iie. The strength or' the acid ther, remaining in the tube was 
1.1 :o he 2.6.:1-, aud riii tcGti!-y l)vit!: c i !~-er  it gave aI:)prentlv 
. the iisit:t! .licht npn!t>sceiici-. I t  :-eems clear. thsrefrire, that 
ma?. heat even t he  strc'ngest. pure clil!,ric x i d  that is likely to 

be found in the market to temperatures near tlie boiling-point of 
er n-ithout fear of essential decomposition. It seems prob- 
that the statemeilt that cli!oric acid decompcses ivheti heated 

above 10' might lie iliie 10 t fact that  the author used impure 
a c i (-1, co ii  t ai n i ri g po s s i 1-> 1 >. 1: J. cl i l i i- ic ncici .i\.hich woiil? decom- 
p3se tlie chloric acic!. or L!?: lit: ~ t ~ . t ~ i i i ~ i i t  r e f tm to an acid of 
ai m1.t the maximum coiireiiIratic 11. 

In  
> x i i e  c a e s  n.liere no !i!.drogcii n.as eT.oi\-eci, the flask 01' tlilie c m -  
taiiiing the n-eixlied tnetai aiici measured acid was allowed to 
stnti.fi :it roo111 temperature. In cases \\liere the solution 11 as slow, 

el ivas  placed in  \va:er tvhich ivas lieateti to 40' or jo". 
?'be conditions H ~ C  ineiitiilr:ed under  the metals to which they 
a~ipl!-. SnJ-e in two or three c;i>es. no attempt \vas made to es-  
.(.it the air ior the two reasc'iis. that a t  best the acid \voulcl contain 
iic nir. ivhich coi~.lc! ni i t  l v i t l i  siit.t!. he  ezpe!lerl by heatiiip, and 

t!int ii: n v o  or three case.; ~vhci-c. the solution \vas carried on in 
a!', ntmosphere of carhon cliosiile the results \vere not noticeably 
different from those in the experiments carried out with the same 
metals in the presence of air. From time to time suitable means 
{!-ere applied to determine ivhether any chlorine \\-as evolved or 
an!- hydrochloric acid was being lost. The tests were negative in 
el.er!- case sal-e in one esperiinent i n  t he  solution of iron. By 
accident the temperature \\-as allgn-ed to reach PO' and some chlo- 
rixc \vas evolved. an(! I Y ~ G  detected by aspiratiiig a current of air 

1111 ioilidc. 
o d d  be 1ie:iteci. 

:It zhI;ii: 1,; 

The methods of experiniei:t !\.ere ii: general very simple. 
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through the acid a i d  into a solution of potassium iodide a ,  
starch. To determine the amount of reduction in any experiment 
the solution was made up to a known volume and portions of it 
\\.ere titrated with 1/20 silver solution after the method of j-01- 
hard, to determine the hydrochloric acid, from which the amount 
of chloric acid reduced could be calculated. 

.\C'rii.l>- (IF CIILOIIIC .-lCIU OS S O l ~ l U . \ l  . I S D  POT.\SSIU.\l. 

S o  information as to the action of chloric acid on potassium is 
known to me in the literature. Tommasi tried the action of 
sodium amalgam on the acid and stated that the acid is not re- 
duced to the least extent. I have repeated the experiment of 
Tommasi,' using about 3 per cent. sodium amalgam freshly pre- 
parell fr-om carefully cleane(l ST liiini aiitl tlic. lusiial retlistilletl mer- 
cur::. The method of experiment in  this instance was to add the 
amalgam slowly to a measured vclume of chloric acid, rvhile the 
solution \vas kept cool. \Yhen nearly all the acid was neutralized 
the solution was poured off and together ivith the washings \vas 
acidified n i th  nitric acid and titrated in the usual iva!.. -A blank 
esperimelit using water was matie to test the freedom o f  the 
amalgam from traces of chlorine. 

( I ) L j  c c .  2S HC10.; treateti with 10 grams sodium amalgam 
required I .1 cc. 5 / 2 0  silver solution, corresponding to 0.002; 

gram h y tl rocli lor i c aci d . 
( 2 )  25 cc. 2 5  HC'lO,, treated \\.it11 a large excess of sodium 

amalgam required 4.3 j S/20 silver solution, corresponding to 
O . O I Z j  gram hydrochloric acid. 

Similar results n.ere obtained with potassium, and the reduc- 
tion was about twice that p:o(luced under similar conditions by 
sod i urn ania 1 gam. 

( ~ I  2.5 cc. 21- H('IOl treateil with about I O  grains of potas- 
sium ainalgani required 2.9 cc. N/2o silver solution, correspond- 
ing to o.ooj3 gram hvdrochloric acid. 

( 2 )  zj cc. S HCIO:, treated :\.it11 T O  granis of potassium 
amalgam required I .  j cc. K/20 silver solution, corresponding to 
0.0027 gram hydrochloric acid. 

From the results there seems to hc no doubt that both so.!' 1 ium 
ant1 potassium amalgam a r t  capable of reciucingchloricacicl, though 
the amount of the reduction is v e n  small. In using mercury and 

1 i n s f ? l i i f o  L o m b a d o  [ z : ,  io .  799. 
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an alkali metal there is the possibility that the reduction may be 
caused by the mercury. I n  the presence of such a strongly 
electropositive metal as sodium, however, this dries not seem proh 
able. ;\loreover, on attempting to dissolve mercury in chloric acid 
it was found that after heating at 40’ for four hours scarcely any 
reduction of the acid had taken place and the remaining mercury 
was collected, dried and weighed and corresponded within 4 mg. 
to the original amount taken. The smallrst amount of hydro- 
chloric acid found above corresponds to atma: 0.04 gram of mer- 
cury. 

ACTION OF CHLORIC ACID ON hlAGSESIUM. 

Magnesium in the form of the ordinary ribbon of commerce was 
used. I t  was cleaned with emery paper and dissolved in an excess 
of normal chloric acid, 50 cc. of the acid being used in each case. 

( I )  0.2918 gram of magilesium gave 0.006j gram hydro- 
chloric acid. 

(2) 0.2170 gram of magnesium gave O.OOj4 gram hydro- 
chloric acid. 

The results show in fact that about 1/20 of the tr gnesium 
was used in reducing the chloric acid. The remainder, of course, 
dissolved to form the chlorate with the evolution of approximately 
its equivalent of hydrogen. Since, as is well known, water con- 
taining salts in solution acts on magnesium with the evolution of 
hydrogen, it did not seem worth while to determine the amount 
of hydrogen produced in the solution of the metal. 

ACTION OF CHLORIC ACID O S  ZINC. 

Concerning the action of chloric acid on zinc there are many 
statements in the literature and some contradictions. According 
to  Gay-Lussacl and Berzelius? the acid dissolves zinc without de- 
composition and with the evolution of hydrogen; according to  
\7auquelin, Fordos and Gelis,l with the formation of hydrochloric 
acid, but without the evolution of hydrogen : according to  Gmelin,l 
with both the reduction of the acid and the evolution of hydrogen. 
Tommas? states that in one experiment zinc reduced 14 per cent. 
of the acid present in one hundred hours, and that the acid was 

1 Gmelin’s ’‘ Handbuch,” Voi. I, p 370 
23 Pharm., 4,346. 
3 Tmtilulo Lombordo [ z ] ,  IO, 799 
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completely reduced by an escess or  zinc aiid sulphuric acitl 
Though zinc has since been used as the reducing agent i n  the 
presence of sulphuric acid, in the determination of chlorates, 
there does not seem to be any record of later work on the actioii 
of the free acid and zinc, and none o i  any date with a view of 
determining quantitatively the nature of the reaction with refer- 
ence to the relative amount of zinc that reduces the acid to that 
which sets hydrogen free. 

In the following experiments aiid also in  those with aluminum 
the reaction took place in a graduated tube filled nearly full of 
the acid. The 
metal was supported abo1.e the acid upon a glass bulb, which 
could 1): lowered after the stopper was inserted, the objects being 
to prevent loss of hydrogen on the one hand and to place the 
metal near the middle of the mass of the acid, where the acid 
would have about its mean of concentration. The tube containir?g 
the acid was placed in a large beaker of water at  room tempera- 
ture. The zinc used was the so-called "strictly chemically pure" 
zinc, obtained from Eimer & .?iiiimtl. I t  dissolved without 
leaving a visible residue. Other samples of zinc were tried, but 
the results obtained did not differ materially from those here 
given. 

In experiments ( I )  and ( 2 )  2 j  cc. of normal acid \vere used 
in each case. After the zinc was completely dissolved, the hy- 
drochloric acid, resulting from the reduction o'f the chloric acid, 
was titrated in the usual way, and the hydrogen was reduced to 
the volumes under normal conditions, as given below. The cal- 
culatio'n of the zinc to the hydrochloric acid, as given in rhe last 
column, is, of course, based upon the assumption that I molecule 
of chloric acid oxidizes 3 atoms of zinc, or that when the acid 
is reduced at  all, it is completely reduced to hydrochloric acid, 
and the whole series of experiments support this view. 

I t  was fitted with a delivery tube of small bore. 

Zincdissolved. H collected. HCl found. %n to H %n to H C l  
( I )  .... 0.4882 52.3 0.0627 0,1540 0,3362 
( 2 ) .  . . . 0.5412 65.3 0.0648 0.1921 0.34S8 

In  the following experiments, ( 3 ) ,  (4) and i s ) ,  the conditions 
were the same, save that the acid used was 2 5 .  

( 3 )  .. . . 0,7442 1J.S 0.1302 0.0435 0.7006 

( 5 )  .... 0 . j 5 j 2  12.4 0.0962 0.0365 0.j181 

( 4 ) .  . . . 0.7050 21.3 i) .1203 0.0626 0.6476 
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A s  may readily be seen, the amount of hydrogen set free is 
much smaller when the more concentrated acid is used and the 
amount of acid reduced is correspondingly greater. I t  is 
probably ‘true that the temperature also has some influence, and 
this may account for the high hydrogen value in (4), which was 
done when the temperature of the room was unusually low. The 
effect of temperature will receive further attention. 

A C T I O S  O F  CHLORIC ACID ON ALUMIXUM. 

kxcepting the statement of Tommasi’ that a solution of chloric 
acid, treated with aluminum, showed after six hours only a trace 
of hydrochloric acid, there seems to he nothing in the literature 
concerning the action of the acid on this metal. Aluminum slowly 
dissolves in cold dilute chloric acid, and whatever the concen- 
tration, hydrogen is given oft’ and the acid is reduced, as ir? the 
case of the action of the acid on zinc. 

For  the following experiments the ordinary aluminum wire 
of commerce was used. An attempt was made to  compare, as 
in the case of zinc, the action of the dilute acid on an excess of 
the metal with the action of an excess of the strong acid. In  the 
former case, however, the metal dissolved as indicated by the 
loss of weight was always too small by about 5 per cent. t o  
account for the hydrogen set free and the chloric acid reduced. 
Determinations of the actual amounts of metal in solution and 
in the residue showed that in very dilute acid the metal becomes 
coated with a layer of oxide, which accounts for,  the above- 
mentioned discrepancy. The ratio of the metal which replaced 
hydrogen to  that which reduced the more dilute acid was found 
to he about I to  7, while in the experiments with the 2N acid below 
the ratio was about I to  j. 

In the following experiments the aluminum was completely 
dissolved in 2N acid, the hydrogen was collected and reduced to 
normal conditions and the hydrochloric acid was titrated in the 
usual way. 

A1 dissolved. H collected HC1 found. A1 t o  H. A1 to HCI 
(I) .... 0.2435 47.5 0.1363 0.03876 0.2027 
(2). . . . 0.2637 55 4 0.1486 0.04487 0.2210 

In each experiment there mas an insoluble residue of 0.7 mg. 
1 L O C  c t t .  
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.ACIIU.\ OF CIl1,ORIC -\CIL’ OS I R O S  

The treatises of Grahani-C)tto and Daninier quote, apparently 
from very old but undesigiiattd {vork, that zinc and iron dissolve 
in chloric acid with the evolution of hydrogen. Schiff1 states, 
i n  his correspondence, that Pellagri found that iron reduces 
chlorates, am1 Tonimasi- partiall! retiucecl copper chlorate xvith 
iron. ’I‘here seem to be no other reierences to the action of iron 
01’ either free chloric acid or  its salts. 

Contrar!. to the  statement. me:itionetl, iron dissolves reaclil;; 
i n  dilute or  strong ch!oric acid without the evolution of hydrogen 
or any other gas. I n  the following the purest, soft iron wire, 
such as is used in standardizing permanganate, was used. Even 
u i t h  two or  three pieces of this large \vire the action was so 
yigorous that a considerable rise iii temperature was occasionec! 
when 2N acid was used. The solution took place in glass-stoppered 
bottles standing in colt1 water. In several instances a brown 
coating was observed to form, which scaled off and was soon 
dissolved in the excess of acid. The iron goes directly into the 
ferric condition, and in no iiistance, even while the solution was 
going on, could ferrous ircn be detected by the usual tests. The  
solution has the usual brown color characteristic of ferric salts, 
but remains perfectly clear so long as the acid is in excess. ll’ith 
a large excess of iron, oxides and probably basic salts, are pre- 
cipitated. I n  one such case the amount of reduction of the 
chloric acid was found to be approximately 9 j  per cent. The 
very ready reduction of the acid by iron suggested to the writer 
a method for the determination of chloric acid and chlorates by 
reduction with iron in the presence of sdphuric  acid and the 
titration of the hydrochloric acid formed. 

In the solution of iron. if  anywhere, one might expect the 
osqgcn of the air to exert an influence upon the relation of the 
metal dissolved to the amount of acid reduced. I n  experiment 
(4)  the solution was carried out in an atmosphere of carbon 
dioxide. X distilling flask containing the acici was supported 
SO that the neck in which the weighed iron was placed was in a 
nearly hori7ontal position. T\*hen the air had been completely 
expelled b> carbon dioxide, the neck was raiqed so that the iron 

1 Bpr d chenr Ges , 8, 1350 
9 Lor Cli 
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fell into the acid. The results of this experiment do not indicate 
that the air has any appreciable influence. In  the following ex- 
periments the iron in column (3) is, of course, calculated on the 
basis that it was all oxidized to  the ferric condition. In all cases 
the amounts of iron thus calculated and added to  the residues 
of carbon and silica, found in the respective experiments, are 
zomewhat smaller than the corresponding amounts of iron 
weighed. I am not at present able to account for this small differ- 
ence, and the subject will receive further attention. In ( I )  of 
the following experiments 3 j  cc. of normal acid were used at 
40' and in the others 20 cc. of ZS acid were used in each case 
and the acid was kept at about room temperature. 

Iron weighed. HCl found. Iron calculated. Residue. 
(I).. ..... 0.1609 0.051s 0.1592 0.0011 
(2) ...... .. 0.2262 0.0699 0.2148 0.0046 
(3) .... .... 0.3010 O.og49 0.2916 0.0006 
(4) .... .. .. 0.3220 0.1023 0.3143 0.0014 

iCTION O F  CHLORJC ACID ON TIX. 

The tin used was so-called pure tin, obtained from Schuchardt, 
and the solution t m k  place in glass-stoppered bottles at room 
temperature. In the first experiment 25 cc. of the 2N acid were 
used and the sollution occupied about thirty minutes. In the 
second case 50 cc. of normal acid were used and the action occupied 
several hours. Contrary to  what might be expected, very little 
tin oxide or stannic acid remained. In each case the residue, 
which did not increase on long standing, weighed 0.0022 gram. 
The solution remained clear for a long time, even after it had 
been diluted preparatory to  titration. As in the case of iron, no 
hydrogen was set free, and the tin went at once into the stannic 
condition, as shown by appropriate tests. 

( I )  0.3084 gram of tin gave 0.0618 gram hydrochloric acid, 
corresponding to 0.3027 gram tin. 

(2) 0.3572 gram tin gave 0.0721 gram hydrochloric acid, cor- 
responding to 0.3531 gram tin. 

ACTION OF CHLORIC 4 C I D  ON COPPER. 

+After the work on copper had been done, there came to  my 
notice the communication of Brochet on the solvent action of 
chloric acid on copper, which appeared in Conzptes Reiidus,  
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Januar!. 25th of this j.ear.' His paprr came into my liaiicls after 
tlx) nest  paragraph ha(] been n.rittcr:. \\-hiie granting to Erochet 
the priority in several particulars. since he gave i10 analytical 
(lata. I deem it best to submit. for record, the paragraph as @rig-  
iixlly ivritten. 

It 
is just what one in view of the foregoing would expect. The 
copper simply disappears, and this gives rise to a clear hlur solu- 
tion due to salts of copper. The copper used was i n  thc form 
of liriglit wire gauze such as is comnionl!- used in the combustion 
i n  organic analysis. The  metal dissolves rapidl!. i n  2T acid 

! I i 0.277s gram copper gave 0.052S gram hydrochloric acid, 

( 2 ' )  0. j288 gram copper gal-e O.IOOO gram hydrochloric acid. 

The action of chloric acid oil copper offers no peculiarities. 

at  :oc. 

corresponding to 0.2766 copper. 

corresponding to 0.5236 gram copper. 
. , c r I o s  OF CHLORIC ACID o s  C X D N I U B I .  

The action of chloric acid oil cadmium is in ever!- Ivay similar 
to its act ;m on copper, it being one cf simple oxidation and the 
solutio 1 of the oxide in the excess of acid, no gas being given off. 
Ordinary conimercial cadmium was used. The acid was twice 
norriial. I n  the first case the reaction went on at room tempera- 
ture and in the second at 50'. 

( I 1 0.4732 gram cadmium gave 0.0320 gram hydrochloric acid, 
corre ponding to o.3810 gram cadmium. 

( 2  j 0.4091 gran? cadmium gave 0.0438 gram hydrochloric acid, 
corresponding to 0.4052 grain cadmiuin. 

The action of chloric acid 011 certain other metals has been 
studied to some estent. I t  acts with exceeding slowness on 
mercury and antimony, even when at  full strength atid at  TO", 
and no attempt was made to determine the quantitative relation- 
ship. Nickel dissolves readily and apparently in quite the same 
way as  copper and cadmium. Risrnuth is rather slowly oxidized 
and only a small portion of the product goes into solution. I n  
one experiment 0.3693 gram of bismuth gave 0.0282 gram hydro- 
chloric acid, corresponding to 0.3624 gram bismuth. Finely 
divided arscnic readi1)- dissolves in 2?; HClO,,. forming arsenic 
acid. thoiigh, as C;ooch and Blake' fouiid. chloric acid in dilute 
solution is scarcely reduced 1)y rls,O . 

1 See also b'uil'. SOC. Chim , 31, 2 5 :  

e ZiArhr.. anu7.q C ~ E I I I . .  33, 104 
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I n  a recent communication on silver as a reducing agent it 
\vas shown that silver reduces chloric and iodic acid directly to hy- 
drochloric and hydriodic acids, and according to the equation as 
there given for chloric acid. 

6Ag + 6HC10, = 5AAgC10, + AgCl f 3H,O.l 
The same general reaction has since been found to hold true 

in the case of bromic acid and silver. There was no evidence 
in cr.iiy case of the formation of any intermediate product in the 
reduction of the acid, but in each case the reductionransmoothly,as 
above represented. Omitting the matter of the evolution of hydro- 
gen, the same reaction holds true in general of the action of chloric 
acid on other metals. In no case when the temperature has been 
kept moderately low has there been eiiidence of the formation of 
a lower acid, an oxide of chlorine or free chlorine. Except in the 
case of iron, where the question of impurity is uncertain, the 
amount of metal dissolved has been accounted for by the amount 
of reduction of the acid, or the reduction and the hydrogen set 
free. I t  is possible that some irregularity in the reaction took 
place in the case of iron and in other instances, even though it 
was not detected. Since chloric acid is almost as  highly disso- 
ciated as hydrochloric acid, it must be that a large portion of the 
hydrochloric acid formed by the reduction exists in the solution 
in the free condition, and it might be expected that the two acids 
would act upon each other according to  some one of their known 
reactions. If such action occurs, its extent must evidently be 
quite small. 

There is yet a persistent tendency, as shown in chemical !itera- 
ture, to regard the reduction of an acid in its action on a metal, 
as in the case of the action of hot sulphuric acid on copper, as 
due to  the nascent hydrogen first set free. Thus. 

Cu + H,S@, = H, + CuSO,, 
1-1, + I-I,SO, = 2H,O + SO,. 

In  the case of chloric acid, however, we have all varieties of re- 
action, from that of the action of the acid on sodium and potas- 
sium, where nearly the full equivalent of the hydrogen is set free 
and the reduction of the acid is extremely small, to  that of the 
action of the same acid on iron, tin and copper, in which no 

1 Hendrixson This Journal, as, 637 
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hydrogen is set free and nearly, or quite, the fu l l  equivalent C J ~  

the metal appears in the amount of reduced acid. It nouli! 
seem, therefore, since the temperature is practically the same ii1 

all cases, as well as the concentration of the acid, that the r+ 
duction cannot be accounted for on the basis of nascent hytlr~geii .  
In each case it seenis to be rather a mere question of the tentlenc> 
of the metal, under the contlitioiis, to ositlize at the expense of 
the oxygen of the acitl, or, to go into bolution at the espense of 
the hydrogen which is set free. In the cases of iron, t in antl 
bismuth it seems evident to the eye that oxides are first formetl. 
antl i n  all cases where reductioi: occiirs the view is simplest ancl 
most nearl? in  accortl with the fact?, that the metal is ositlizetl 
and that the oside dissolves in the ~ Y C F S  of the acid or remains 
insoluble, as in  the case of bismuth. 

l lyork  is now in progress on the action of chloric acitl on ar-  
senic and it will be extended to other metals. 

IOWA COLLEGE CRISNELL, Ion 4 ,  

?Jay I r ,  1904 

SOnE COnPOUNDS OF CHROnIC CHLORIDE WITH SUB- 
STITUTED AnnONIAS.  
nu w. K. LAXG AND c. M, CARSOS. 

Recei\,ed April 18. 1904. 

IT 13-1s already been shown that dry liquid aiiinionia forms 
with violet chromic chloride a pink pon-der which, when ex- 
tracted with water, gives crystalline compounds containing 12, 

I O  and 8 molecules of ammonia respectively.' I n  addition to  
this, compounds with methylamine were also obtained and de- 
scribed in a previous paper.? The authors have made a series 
of experiments with other substituted ammonias, the results of 
which are  as follows: 

( I ) Ethylamii ie ,  CJI ;SH, ,  acts on the chloride with great 
energy at temperatures between oo and 18". producing a dark 
red powder. On  extracting this compound with water and evap- 
orating carefully, red crystals are obtained which, on analysis, 
give : 

1 Lang and Carson : This Journal,  April. 1904, pp. 414-417. 

2 Lang and Jolliffe : /b id . ,  p. 41:. 


