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CATALYTIC YFFECT OF RUTHENIUN COEPGUNDS OF THT RIDUCTION
OF PHRCHLORIC ACID BY RYDROUBROMIC ACID,

Purpnoge. The purpose of the present investigation
has been to detsrmine the nature of Lhe catalytiec effect
shown by ruthenium compounde on the reduction of perchlor-
ic necid by hydrobromic acid; &hd,giﬁ'noasible, to deter-
gine the mechanism of the raaéiicﬁ;‘

Underlying theory. The reazgtion just mentioned is
fﬁ'gaad'aaae of hemogenious ¢$talysis, and offers possibie
:iities of diacaverinﬁ more sboutiboth the oxidiszing power
ﬁf perchloric acid and the chemistey of ruthenium. In fale
1y dilﬁte molutien, perchloric acid is extraordinarily
stable, evma when hots A rwmﬁtalii e ions, {’Tf*; cr” f
Mo”™"?) besides ruthenium ion, are the only subsiances that
vﬁavé~a reducing effest;an;it in cold dilute solution. It
48 ¥known to oxidize ruthenium compesunds to the tetroxide
in hot, fairly eoncentrsted aoluﬁi@ég the fact of cata-
‘1§ais indicates 2 passibity_uf thig in dilute soluticn
,aé'well¢ investigation therefore s#sms of velue as of -
}fering information on the matmra,cf oxidation by per-
chloric meid, as well =s the relstive stabilty of dif=
f&fantVéumpounde of ruthe&iuﬂ*#@ﬁﬁrﬁs oxidizing and

1) System of Qualitative anslysis now in preparation

by Dr. A. A. Noves and‘Draiﬁ;'ﬂ, BYAY »



reducing sgenis,.

Previous work on the prablem@, “re R, H; Dalton
'of this laberatory, while workings on the comple te Ly G-
tam of onunlitative snalysis new in pxﬁﬁa?ataﬁn by Ir.
Ae Ay Yoyes discovered the catalytxe action of ruthan-
dum szlts. At one peint in thu proaedure for the pre-
- paration of the sclution for analysis, hydrobromic ncid
is removed by adding parchloric é&&d gnd boiling. lr.
ﬁaltan noticed that with 2 sample ﬁantaining ruthenium,
frees hromine was siven off on beiling; and a repetition
confﬁrmed this fact. Tr. Yoyes guggaétﬂﬁ 8 more crmplets
investication of the fact as s research problem shich 1
have underiaken,

| ﬁiﬁﬂuéﬁiau

The raactian betweon p@rchzarzv and hy@rahrémic
acids: HC10, - 8EBr = HG1 + 41, & + 4Br, {1)
must po to cowpletion in & thermodynsmic sense; no re-
vérsal is possible. However, blank sxpariments showed
vthét no reaction toek place ever with 3F perchioric aecid
and small amounts of hydrobromic scid on boiling thﬁ B0
lution. On the agditien of vﬁrg aw%%l‘ﬁwamtitias of ru=
vthﬁnium tri-zhloride or triabrﬁmiﬁﬁg-b?aming imrsdiate=
1y began to be nroduced. :%iaaé‘zaﬁhﬁniam sﬁaws evary
‘valance frem one to sicht, {tha p@ntavalent oxnd& has

- 2)
recantly hean sngan to exist) it sgnaar% that 11 may



hére act as a carrier catlyst, beirg alternatsly oxide-
ized mnd reduced.

It is evident that much might be learned by an
investigatiaa of the r&tevat Which reaction (1) proceads,
and of the effect df chanc28 in coneentiration that ithe =
reacting substances and the cataiywut héva or the rate.
Also, since the ruthenfium i= presumwebly oxidiged during
ths course of the reaction, an in?&stigati@n of the zoe
tion of perchlriec acid on ruthenium salte, and of the
~effect of bromide ion and freo bromiae on tﬁam; should
#lse be of great interest. |

Experimental Yethods

For measuring the rates, i Is most comvenient
to é@%ﬁrminelﬁﬁa~%?¢miﬂa‘ﬁzaﬁuﬁaé in n definite time.
Preliminary work showed thst ﬁm@’rﬁma wag easily measur-
able at 100 dagreﬁs, using mad@rﬁﬁaly dilute gomconirzw
tiams. In the methed first used, the solutien containe
ing the reacting substences was vplaced in a glass-stop-
pered distilling flask proevided with a gas irlet tube
leading to the bottom of the flask. The bromire ér@dueg&
vcould then be swant out wiith a atresm of carben dioxide
and led into a solution of pstaﬁsiﬁm‘i@ﬁide, iﬁ which the
iodine liberatd could be detemined with a.thiaﬁalpﬁaté
,geluiian. By c¢changing the recai?ing vessel containing the
icdide a { regular intervala;ithé rate nould be folliowed,

2) il. Remy, Z. anorp. chem. 126 1B5-92 (1923)
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The reaction falsk was immersed in a steam bath; the cor-
bon dioxide before entering wae led throuph a simlar flask
sontains hydrobromice &cid,ét the same concentratinn as thit
,used in the reaction. ?hiﬂ-wﬁﬁ'dsne to prevent,evapﬁratian
‘and less of hydrobromic acid and water.

“hit arrangement prsved very uvnsatisfactory, houe
ever, as evaporation and less p%fhyﬂrobromié scid and wa-
ter with the ﬁub&equmnt'ghgﬁges inbcﬂnwantration could
‘not be avoided. This’amdgaﬁﬁar dita§vantagaa led to the
adoption of ancther method Yor following the rates.

A method offering fex disadvantaces found, “he re-
7a¢tian'sclutien was made Up at room temperature, by mease
_uring definite wolumes of tha reaeting substances into a
velumiric flask by means of precision pipettes. The total
‘volume was then made @p'ﬁﬁiﬁﬁﬁfmig,thgra&ghly'mixedﬁ and
émall portion removed inte test tubes, whieh were then
sealed off and nlaced in a watsr bath at 100 degrees.
Tubes wepe removed af%er.varying 1@ngths of time, cooled
ta-taom temperature and broken under icdide solutieon. The
ledine was then titrated sguiret thissulphate. The size of
the somples nould be adjusted to suit the time of reaction,
20 ml being ~convenient for sampiea heated Tor lesmg than
half an hour, and 5ml for ssmples heated for leonger per=
iods.

An exactly similar method waﬁ_uaed for follovwing

the rection betwesn perchlafiﬁ_aeid and ruthenium chloride.



Preparation of Solutions

Ruthenium. Puathenium tri-bromide was prepared by
converting a weighed gquantity of the triechloride inte
“hydroxide and dissolving in hydrobromic amcid. The solution
was mads up to be 8,710 ¥ in acld andto centain 2.5L0 mgm
of ruthenium perml.

Later ruthenium triechlertde solution was made up
by dissolving a weighed quantity of the anhydoous melid
in 50,00 ml of water and agding 5.00 ml of 61 hydrachlor-
~i¢ aclid. "his sclutlon contained 8.88 mgm of ruthenium per
ml , and was slightly over 0.5Y in acid. The acid was
found necessary to prevent hydrolysis.

A selution made up by “r. ralton was also used for
;agvgral experiments, it contnined 10.00 mgm of ruthsnium
per ml, but the acid Géntﬁﬁ% wae unkrown. it was yiakabn
1y nearly the szme as iw my solution.

»archloric Acid. The 60% C€.P. aeid was diluted {o
aﬁaut 37 and titrated sgairst scdium hydsoxide solution.
1t rave no test Tor free chlorine nor chloride ion.

Hydrobromic Acid. She C.P. acid of BD. gr. 1.49
was used, I{ was also tit?ﬁﬁﬁd speainst hydroxide solution,
The cpler wae almost water white; only very irapprciable
amourts of bromineg.
| | Potassium tribromide. 4 solutimn made up by lr.
Yost was analyzed fer brqwiﬁ&'ien Fith silver nitrate,

and for free bromine with thiosulphats, after the addi-



tion of potassiun iodides

lodine and thiosulphate. Jenth normal selution
wefa mﬁée‘ap and coupared with each ether, The iodine was
‘then standurdized sgainst arssnious oxide.

Other chemicals used, ?ﬁa othr chemisals used
‘were potassium iodide, brokine snd carBon tetrachloride.
C.P. materials were used throuwhout.

“xperimental Tata on %ké‘ﬁéte Axperimefts.

results of the rate wxperimenis are given below.
The results for one sxperiment using the flask method are
@ivan; not so much for the intgrga%iﬂw of the rate, but
ag an example of = reactien the has gone to completion.
in the Tiret eolumn is giver the total time 2lapsed, and
in the second, the volume of thiousulphate solution ree
-quired for ths titratiéﬂ wl the ilecdine liberated by the
bromine formed during the interval preceding.
Series A. “xpariment 2.

Volume 1256 ml Nu as HuCl  28.0 mgm  0.28 milli-mol

HBr 7.0 ¥ 1HClo, 0.851 ¥
: I3imin 13.60m1 255min 4.44ml
ib min 880 m)
1G4 8457 270 4efid
30 13.29 ’
1566 18,81 285 Ge b0
45 24,65 o
: 180 ©B.76 300 2.50
60 15.73
‘ 148 10417 316 1.56
5 16.18
106 I7.80 228 55.3



gxperiment £ continued
fotal thiosulphate used 2I1.43 ml Br, evelved 24.2 milli-
eqﬁiValﬁnt5¢
vsxidizing equivalents of HClO in solation 26.2
mouivalents Lr per mole of %u.’éggi |
This experiment shows fﬁﬁ‘aﬂarm@us catalytic effect
of the ruthenium, and uslso thg fact that the rsaction
wili proceed to ﬁ@leetiﬁﬂ‘if th@'%§amiwe ig removed as
it is formed. ‘he other exparimsnis of this series are ret
- worth much in a guantitative w&#;,&ﬁ‘the errors Trom evapw
“oration losses and changes in ﬁ&ﬂa@ntratioﬂ are very larpge.
ihe only conclusion that could Le drawn was that the rate
varisd probably as the e@naeﬁtratiéns of BFu =and €10
in table 1 are given tﬁe rasuits of the rate exs
periments by the secend method gz well ag several blank
}expﬂrimants. in the first column the time of heating in
the zater bath is given, in the secernd the bremine evele
vad for o 100 ml samvle, in milli¥@quivalente.
Table I »
Zxperimental Data of the Resction RKute Experiments.
| Bxpas N
HC10, 0.1562 W  HBr 0.536 ¥ Ruir, C.0013% ¥
19 min Je b8 millieeq. 'fﬁﬁ idn 02940 pilii-eg.
30 D508 i) 1.03
45 0.825 50 1.14



Table 1
BXp. 2
HC10, 0.2905 ¥, HEr 0.871 ¥,
RuBr, 0.00123 X

I5 min 0.505milli-eq
30 1.10
45 1.32
60 1.56
75 1.79
20 2404
120 2.48
150 2.84
24 nr. 5468
Exp. 4

.ECIQ¢ 0.2805 ¥, HBr 0.871 ¥,
Rnﬁgj Q.00246 &

15 0.928
30 1.53
45 2.08
60 2.38
75 2.62
90 2.94

120 3.3¢
50 3,65

N

D a s PR

HCLO, 0.7362 N, HBr 0.871 N

0.00123 B

ﬂuﬁ%

15 min  l1.2b6 miliie-eg
30 2.28
45 3.12
60 396
78 4,86
90 He 32

120 6,24

150 7433

24 hr. 15.19

Bxps &

HC10, 0.2905 ¥, MBr 0.871 W

RuBr, 0,00246 ¥, KI 0,06 T

3

i5
30
45
60
75
80
120

150

0,908
1.686
2.29
2.75
S.12
3.32
3476
4,17



Table 1

Exp. 6 TXDe 7
tame as for “xp. 5 “ame as for "xp. 5
axcept ¥I 0.00120 N Kxoept KI 0.,0301 X
1% min 0874 milli-eq I5 min 0.958 millie=g
30 1.74 30 1.88
45 2461 45 2.74
60 3.16 - 80 . 3.62
75 | 3«58 75 4.51
90 4.01 90 5.38
120 - 4056 120 670
150 4.88 150 Ta2b
Expe 8 Bxe 9

HC10, 1.395 ¥, HBr 0,940 ¥,  J1C10 1.396 ¥, MBr 0.940 W,
RuCl, 0.,00246 ¥, KI 0.030I ¥  Putl, 0,000874 ¥, KI 0.0301 ¥

15 20.1 | 15 10.5
30 27.1 30 15,80
45 2049 45 19.6
60 33,8 69 22.¢
75 35,6 90 26,8

iag 324
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Table %
Bxp. 10 Fxpe. I1.
Remainder of selutior from E%1Q¢ 0.2905 &
Txp. Be Tun at 25 degrees Har CeB871 ¥
6.5 hr. 2.43 millieeq 3¢5 ire 0.00 milli-eq.

Interpretation of the Rute Zaperiments.

ithe effect of the comcenirationm of parchlerute ien
is easily determined. In Sxperimenis 1, 2, and 3 the ratio
- of perchlorate ion is very nearly 1:2:5. A comparison of
- the reolative amounts of bronmine formed in the ssme tinme
shewe thatthey alse ar2 very rnearly in the same ratios
Hydrpgen ion does not vary greatly in these experiments.

The effect of the concentiation of the ruthenium
~ig also easily delermined., A comparison of the rate curves
for Experiments Z and 4, shows thal the rate varies line
sarly with the concontration of ruthenium. “his fact can
also be dednced from experiments in which the nerchlerie
aaiﬁ‘ﬂaﬁeentratien variea by reducing the resulte to the
eume conceniration in accordasnce with the way the rate
varies with the perchlorio nencentratiorn. The resiilts are
quite consistent thrcughauta

The effect of removal of browine from the sclution
is shoun by the graphs of Uxperimernis £,5,6, and 7. In
- these experiments, small smounts of votassium iodide were

Introduced. 1t ig gsen that the rate continues at its
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initinl value until all the jodide has been oxidized, buth
that as scon as brominme started te acoumulate, the rate dee
creases as in the other experimenta. “his indicates poae~
eibly an eguilibrium betwsen the ruthenium and bromine to
form some inactive ruthenium rcompound. It was planred to
increase the smount of ioddde in the solution, But the
precipitation of ruthenium triwiodide made this impracti-
ﬂalﬁ{%ha iodide doerm not effect the reduction of ruthen=
ium below the trivalent state, however, mo that any ebjece
tinn on this greound is meti.

The effect of the concentration ef}hydregan ion im
ot yet determined, although it is evident that it has some
gome effect, A comparison of ithe rates in Hxparimenis 4
and © shows that while the cencentration of perchlorate
ion hae be=n changed by a Tactor of sbout five, and that
of the hydrogen jion by =z facter of about two, the rate
has increased b, sbout tweriy times, (twenty six, if the
extrapolated initial rate is taken in “xperiemént 8. it
seems thiazt the rate is depandent to s large degreo upon
th&laanaantration of hydrogen lene

Temparature Coefficient of the Reaction.

From the data of “xperiment 10 conmpared with Hxe
- periment 8, the temperailure soefficiont can be calcuala=-
ted, and is found tobe ecqual to 2.¢1 feor a ten degree
rise in iﬁm@arature.

3) cutbier snd Trenckner, L. anorg. chem. 45, 166, (1:09)
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Reaction of Ruthenium Chloride and
Perehloric a=id

An investization of the action of ruthernium trie-
chloride znd perchloric acid was undertaken, to determinne
if posﬁible to what state ruthenium is oxidized during the
reaction, and in the hope of finding an intermediate come
pound.

First it was nitempted to propare ruthenium trie
chlorkde, but because of the hydrolysis of ruthenium
galts at low hydrosen ion concentration or high iempora-
tures, (above 50 degreess) it wos found impractical. The
formation of an oxychloride on hydrelysis mates the re=
moval of sll the chloride almest impossibie.

iater, it was thought that it might be paagihla to
follow the course of the reeaction between the ruthenium
and the perchloric acid by éataﬁmining the increase in
ehloride ion on heating a mixture of the two. owsver,
silver nitrate even unfier the best conditions could
never remove 2ll of the chloride, even in quite acid so-
lution.

7inally, &t was found nossible to use the same me-
thod as in the rate experiments. 48 mentioned before lo-
dide ion doed not reduce ruthenium below the trievalent
state, so that the ruthenium is at the end in the same
stae as in the becinmning. 4 time correctiion hed to ve made

from the time that the iodide was added, howevsr, as of



course as soon as it was mdded, the reactioen (1) , civen
on page £ beran to ocoura.

| In the first column of the table are given the times
.of reaction at 100 degre=s,; in the second the oxididation
equiealents as determined by titrationm of the iodine libere
ated; and in the third the ratio of the egivalents of io=

dine liberatd to the moles eof ruthenium present.

Experimont 12
10400 ml samples containing muCl, and e,

;Ruﬂ%g 0.427 milli~-mols ﬁ6167f13.92 milli-mols
4 days O hr Ca327 0.742
8 0 0.342 0. 800
21 8 Ued30 i.0086

Tubes that were heating for a longer time broke in
the »ater bath andhence no irformation could be ebtained as
to whether the oxidatimm proceeded past the value founfl.
An time wms limited it was decided to run another experi-
ment, but th heat the mixture to a higher tempsrature, &ﬁé
sp8ad up the romcticns This method is open to ebjection,
as it is suite possible that other reaction will tare
“place at a hicher tempersature, but sny information that
| can be obtaired is of use.

A tube of sclution the same as that used in the
~other ﬁxyariémtnta was heated for six daye in x;lene vapor,

Deps 140 degrecs). At the end of that time, there was a

i3



i4

clear, browm liquid and a black vrecipitas in the tube, It
was desired to beep the liguid an+ the precipitate separ-
ate, 8o that the tube was not ovrerned under iadiée solution,
“but the end was cut off., ihere was considerable yas pressure
18 the tube, and the oder of chlorine was guite strong on
opening. On this acrount, the titratikon does not represent
an accurate value of the oxidation of the ruthenium, but
is too low by an unknown amount.

After opening the tube, the licuid was removed with
anvipatte, and poured into petassium iodide soluiion. the
. precipitate was washed and the washings added to ihve liguid.
| T™he solid was then divided into t-0 parts; to one of them
g#tae$ium bromide in water was added. Yo bromine was fermdd.
To the pther potassium iocdide was added, and iodire wus ime
mediat.ly formed. That this was due to reduetion ¢f the
solid and not to small cumntities of the liguid romairing
kwaa proved by the fact that the last wash water barely
solored potassium solution. Potassium icdide was firnally
addad 4o the first part of the solid, ard the tetal io=-
dine liberatad by the solid titrated against thiosulvhate.
A m0olid residue of black metallic scales remained after
tﬁe treatment with iedide, and 2id not disselve af ter seve

eral days.

$23111i~ mols of BuClsin solution Ce874
. igquivalente of I,from liquid 0.876
“ = » from solid 0.127

Total egivalents of Izpar mol fin iel3



These experimmnis wuld seem to indicate that per-
chloric acid oxidizes the ruthenium to some state higher
}ﬂhgn the pentavalent. Further work or this should be of
~ interest.

- Reaction of Zuthenium Chloride and Bromine.

| Prom the effect of the accumulation of bromine on

the rate found in the rate experiments, it might be sup=-
poned that an eoguilibrium existed between trievalent ru-
“thenium éon sné bromine, tﬁ give some more highly oxidized
state and bromide ion. In order to measure the supvesed
eguilibrium a series of experiments were undertaken.

v} In carrying out the exvweriments, solutiors containe
ing ¥nowm amounts of ruthenium trichloride, potassium bro-
mide, and bremine w&rerﬁlaaa& in stoponered boitles in cone
tact with a measured velume of carbon tétrsﬁhlariﬁa. At tie
samé time blanks containing no ruthenium were treated in b
the same way. The bottles were potated in the thermostat
at 25 degrees for several days, then portione of the car-
- bon tetrachloride were removed with a nipette, and after
addition of potassium lodide were tiﬁra&eﬁ gzainst thiow
sulphate. Frem phe difference in the concentrations of bro-
mine in the sample containing the ruthenium and the blank,
it should be pessible to caleulate the amount of bromine
reacting ﬁith the ruthenium. Trom several sets of exnore
iments, @ith different amounts of ruthenium and bromire,

it should tﬁan be possible to prove the existance of an

is



equilibrium if one exists and to measure its constant.

The results yielded ne guentitative measurements,
partly because of leaksge from the bottles, which was ale
moet impossible to aveid; snd also because of the fact
discovered later that there was mo equilibrium, but that
ruthenium trichloride and bromine naaat irreversibly.

It was noticed that the bromine in the carbon tet§
rachloride phase of one of the gamples that had stood fe?
sevaral days had disappeared. 1o decide whether this was
dﬁe to leaskare of to an irreversible reaction more bromine
‘woe added and ths‘mixiure let stand for sever sl days. At
the end of this time the eample was repeatedly shaken wit&
earbon tetrachloride urtil no test for bromive was obtaind.
‘he solution retaired the wine coler it had assumed in the
addition of the bromine, and showed no signs of giving up
bfomins af ter standing in contact with carbon tetrachlo~
ride for two days.

Experiments on the Brominated
Ruthenium Compound.

2ince the preceding experiment indicated a complete
oxidation of ruthenium by bromine, which appeared to be
irrevorsible, it was decided to test portions of the solu=
' tion containing this oxidized compound with a view of dew
termining its state of oxidati:n and its properties. The}
solution was known to contain 0.0437 milliemols of ruthe-

enium per ml, or slightly less because of losses in shaking

16
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with carben tetrachloride in removing fres bromine.

8. 4 10.00 ml sample was treated with an excee of
potassium iodide. The color changed rapidly from the charace
Visriate wine shade of the aqxidized compound te the yeliow
‘brom color corresponding to the tri-valent ion. The io=
dine liberated was shaken out with carbon tetrachleride,
and titrated against thiosulphate solution. Because of the
“large excoss of jodide ionm , the iocdine was removed with
difficulty, and probably nmot all of it was removed.

Ar excess of bromirve was then added to the reduced
solution to reoxidize it. The removal of the excees of
fre2 brominewas attempied after the mixture Bas stood for
vfamr days, but the harge corcentratier of bromide zlresdy
referredto, reduced the distribution ratic betwesn the
golution and carbo tetrachloride to puch an extent that
the ercvﬂl-WWQ very difficult. For this reason vher iodide
was again added, a large excess of iodine was formed by
oxidation with the unremoved bremine.

snother sample, of 20.00 ml that had beon in cone
.taat with bromine fTor five days ae reduced »ith potascium
iodide in the szme manvner as the first sample, sxcepnt theat
~ecare was taken te add only & very slirhi excess. iftar all
the iodine formed had besn removed a small =dditi mal

amount of jodide was added, but no further iodine was formed.
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Experiment I3
in the firat column are given the milli-equivalents of 1_
foomed; in the second the ratio of the izformaé te the

- Ru present.

0,357 C.82
o Y} .,g -

0.683 0.78

The actual ratios of thé equivalents of iodine formed
to the mols of ruthenium present should probably be slightly
higher, ae some of the ruthenium was unavoidably lost in
repsated shaking with carbon tetrachleride.

It appears that trievalert ruthenium is oxidized to
the tretra-valent state by bromine, and that this com-
pound is guite stable as it doea not give off bromine
at room temperature.

b. 4 small velime of this sme solution used in the
previous experiment wac ditilled, and the distillate cole
lected in potassium solutiomm. Yo trace of color appearaed
in this solution, shoving that the oxidized compound is
stable aven at I00 degrecs.

| ¢+ PReducing sgents suck hydrazire sulphate and poe-
tagssium iodide, {alrﬁ&éy noted] reduce the ruthenium appe
afently giving the original trievalent form.

d. alkalies precipitate 2ll of the ruthenium to

- give a black or vary dark solid,
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Ho Howe mentions the oxidation of the sodium or cother

alltnli aguo-brom-ruthenates to form the chloreruthenaies
by means of bromine. The present case may be something sie
‘milar, although thers is nothing in the 12terature con-
gerning the oxidation of trie-valent ruthenium chleoride
alone. Apparently the alkali ruthenites and ruthenates, or
~ rather the brom-ruthenits and ruthenates, are much less
‘subject te hyéralyais than the simple éalts, so that
~most of the work concerning the ruthenium halides has been
done on these compounds rathoer than on those which were
ugad in the present cupe.
Catalytic Tffeot of the Oxidized
Tutherium

A rate experimert was run as in the series made
- previously, excent that the oxidized ruthenium selution was
 u&@ﬁ» The solution was made up teo 100 ml, ond gamples
sealed into test tubes znd heated for different times

Hxperiment 14

'ﬂelgﬁ_ogavas N UBr 0.9404 ¥

Ruthenium 0.00218 {apvprox)

15 min 0.0795 milli-eq.
30 0.159

60 Co 487

90 0.748

150 1.22

I22 hr. 285 min 16430
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o one gsample was added z small amount of potase
sium iodie, about a 507 amcess avér that required to re-
duce the rutheniom to the trie-valent form; it waé then
-pegled in n tube and heated for 15 minutes in the water
bath.

15 min | 2464 millieeq.
This represents am increass in the rote by a factor of 20.
, These two experiments shaw that the oxidized form
of ruthenium has nnAeatlytic aﬂtian. The slow rate founf B
iﬂ the firat experiment can be explained by the presencs
of only four per cent of the total rutheniuwm in an unox-
idized, state. "his is quite probable, as the resction be-
twe>n the tri-valent ruthenium snd bromine is sleow.

¥iscsllaneous ‘ualitative Experiments.

A« Zxperiments on the dark so0lid residue remsin-
ing in the flask at the end of rate experiments comduce
ted by the first methéd. “mall amounts, uas nearly squsl
28 possible were treatnsd with various reagents.

I xczq3 added ~== 1o Betion

Sa hd 2 solution heatadee=- no action

3 “-amd Hel aﬂda&; gsolution heated -~wno action

4. N 0 ndded w== no action

5 Vet molid let stand in the air-« wine color de=

v2loped in tha gelution on addition of water

6« Oolution of Rublr 4reated with Eﬁlqiuw assunad

wine color, same as 5
7. Sodium sulphite, hydroxylamine, hydrazine sulph

ate, all caused reduction with appearance of

20
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Qualitative Experiments
AsTs the yellow brown tii-valent rutheunium ion

Bes Experiments on the solid residuve remaining in
the reaction of Euﬁl and HC1Q, at 140 degrees.

1. EBr addede=- no action |

24 ¥ added =« I libsratdd imm ediately. Vot
all of the precipitste dissolved; small mew

tallie scales re

Conclusions.

Yot enough facts are known to Tormulatea mechanism
fér thé reaction (1) on page 2 with any degres of guratyg
From the facts known, however, a tentative mechanism may
be suggested. Further work will serve to either grsve né
everthrow the theory suggested.

Trom the experiments on ruthenium and perchloriec
-agid, it is showr that puthenium is oxidized to some
‘valsnece nigher than thre-, possibly five.

Bromine is shewn to oxidize tri-valent ruthenium
to u higher valence which sesms te be four. {Sa% note on
work of Howe). |

The followving mechanism is then suggested:

Ru® 7T €10] — Ru 4+ €G] (1)

~T {Z‘,,F

Ru - €6 ~  Ru T Cle er Cl0 or CL, {2)



A - = .
Ru  + Br = Ru - Br, (%)
) -t -
Ru =+ Br, = Ru™T + Br {4)

Argument. Reaction (1). This folllws from the ex=
- periments on ruthenium tri-chloride and ﬁarehinric acid.
Reaction (2). Perchloric ncid &s know to oxidize
rutherium salts te the tetroxide in het fairly concen=
tréted salutiaa._{&sﬁ rote on Dalten's work). 1t seems
quite likely that this ray take place slowly in wore dilute
solution, and that the oxidation will not stop st the pen=

‘tavalent form shown in (1), but wiil ro further.

Reaction (3). The six, sevem, and eight valent states

(s)
of ruthenium 4o not appeasrio be stable in acid solution, b

but decompose in the presence of hydrochinric or hydros-
bfamie acids te give chlcrine or bromine. Since in the
first reaction rate data given, it is sesn that the reacs
tion goes to completion vhen the bromine ia'remevaé, it is
evident that the totravalent form is net formend in the de-
nompéitianw as this nas besn shom to have ne catalytiec
action. Of course the end produet in reaction (30 might be
the tri-valent form.

Reaction {(4)s This follows from the experiments
on the acticn of bromine on tri-valemi ruthenium.

)« Textbook of inorg. Chem. (J.N.Friend, 7d.)
Vole 1X Part 1 page 147

Gutbisr u. Ransohoff, Z.anorg. chem. 45,243
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Conclusions.

Propesed experimenislieo detarmine the mechaniesm.

X+ Continuance of the rate experiments up to a
longer veriod af time. The mechanism suggested would cive
a‘canstant rata, as when no tri-valent ruthenium was any
ionger present, thﬁhdeareasﬁ in the rate due to the ree-
moval by bromime would cease.

2. Use bf'ruthénium yaatoxiﬂa ag a catalyet in
place of the trichlorides, The rate should in this case
vnat bve affected Ly the accumulation of bromine.

3e The effect of the concentration of hydrogen ion
and of bromide ion on the rate should yield interesting

regults,.

This work has been carried out under the directiorn
of lir. Don M. Vost. Thenks sre due him for many valuable
and nhelpful suggentione, and also to Dre. Noyss, sho suge

geated the investigation.

Summary.

1, The reaction HC1Q, ~ BHBr - HC1l- 4H C 440r,
has besn found te be catalyzed by salts of tri*vaienﬁ ru-
thenium.

2e ‘The rate of the reation has be=n measured at 100
- degrass and at 25 degress under certain condition, and the
tepparature coefficient of the reaction determined.

3. Both Ru ""4nd €10 have becn found to affect the
rate, within the limits of error, directly as the fTirst

power of their corncentrstions. ™



Summary

4. Hion has also beon shown to affect the rate.

5. Perchloric acid has been shown to oxidize trie
valent rutheninm to 2 higher state, poesibly the pentae
valent.

6+ Dromine has be'm shown to oxidize tri-valent
ruthenium irreversibly te the teira-valent siate.

7« The teira=valent rutherium has besn chewn to
‘have no catalytiec action.

| 8., Potamslum iodide has beon shown to reduse tetrae

valent ruthenium to the tri-valent. This shows that the
roduction potential lias beiw@ﬁﬁ that of bromive and iaf
-dina;

£e A tontative mechanism has bez sugested for the
eatalytic effect of ruthenium on the reaction undsr ine
vestication, and experiments outlired which should settle

tha matter.

4)}s (Bhould have be mn included on page 18)

Yowe, Je¢ Amse Che ,me. Soc. _gég 543' {1‘5@4)
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