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Preparation and Analysis of the Aquo Salts of Ruthenium

Rutheniwm,one of the platinum groups of metals,has a specific
gravity of 12.2,a melting point of 2450 degrees Centigrade,and a
boiling point somewhat above 2700 degrees.lts atomic wiight is 101.7
and its atomic number 44.It was discovered in 1844 by Claus.lts
double salt,the chloride,was described by him at the same time,it
had the formulaassigned by him of KoRuClg.He called atﬁention to
its similarity to the corresponding rhodium salt,KoRhClg.Some time
later he obtained another salt which he believed to be KoRuClg.In
1872 Joly was working on this same salt and found that no hydroly-
sis took place.On investigation he founé evidence of only five
chlorine atoms.It was evident that Claus had analyzed only for pot-
assium,ruthenium and chlorine,for when he heated some of the salt in
hydrogen he obtained ammonium chloride and considered the formula to
be KoRuClsNO.There is a difference of five in the atomic weight,due
to the presence of bdBe -NO and the absehce of one chlorine,it is r
readily seen how the mistake could have been made since the heavy
weight of the molecule was the:egousecoffowerlooking the two addit-
ional elements present.

The next upset came in the attempt to obtain ruthenium in the
bivalent form.If some of the supposedly RuCls is oxidized in the
presence of alconol and CsCl sone crystals of CsgRuClg.HsO are ob-
tained.The potassium or rubidium salts may be obtained in the same
way.These salts are called the Aguo salts.A few years later Antony
obtamned some KoRuCls,H20,which like the other could be dehydrated,
but gave a red solution while the other gave a pink one.at a later
date Aoyama,a chemist in Japan,obtained a third salt of the same
character.At first it was thought that these compounds were inor-

ganic isomers.Kraus took up the study of them along with Remy,Briggs,



and Gutbier.They came to the conclusion that the alpha salt had the
formula KoRuClgOH in which the ruthenium is tetra valent.In the
other compound the ruthenium is tri-valent.At the present time this
is the only solution that has been found to the problem.After much
work on Claus'first salt,Remy suggested the formula (KgRuCl5)20
Charronat suggested the formula KgRuClgO0H while Antony suggested
the formula KgRuClgHQO.The Charronat formula is the one accepted
today,one of its advantages is that it has the coordination number
of six.There is little difference in the weights of any of these
salts and it 1is difficult to get an accurate analysis of any of
them.The hydrogen method of analysis will be described later,as

can be seen there are many chances of error,and this lessens the
accuracy of the determination.The other method of determining the
amount of water directly is not much more accurate due to the small
amount of water present.In the water meth:d,both water and chlorine
are given off.The presence of the chlorine interferes with an accur-
ate determination of the water.If calcium chloride is used for weigh-
ing the water directly,a slight change in temperature causes the
CaCls to change weight and thus ruin the determination.This change
and thus the change in weight of the apparatus may occur at any
point,even while the calcium chloride tube.is on the balance.Ilt

has been gound that the ordinary pentachloro ruthenite can 10t be
chlorinated directly to the hexachloro ruthenate.In 1399 the latter
salt was described by Antony and Lucchesi.They obtained it from '
potassium ruthenate,K2RuO4,by treating a solution of the latter
with concentrated hydrochloric acid,the ordinary pentachloro ru-
thenite is expected by this reaction.On the following year the
monohydrate of potasssium pentachloro ruthenite was obtaine

Miolati and Tagiuri,by precipitation from the acid solution of the



trichlorides by potssium chloride in the cold.Howe described the
cesium and rubidium pentachloro ruthenites which crystallize as

monohydrates.

In 1901 Howe obtained the monohydrate by boiling an acid sol-
ution of KoRuClg with alecohol.The solution slowly changed from dark
red-brown to rose and the rose prisms crystallized out,they were
called the aquo chloro ruthenate by Howe and they have the formula
.HZO.The corresponding ammonium,rubidium,and cesium salts

5
have been described,as well as the potassium and rubidium aguo aquo

K2Ru01

bromo ruthenates,The monohydrate of the alpha series was found by
Lind and Bliss to be two thirds hydrated,the formula being Ru(OH)ZCl
but the ruthenium is quadrivalent.The corresponding aquo or beta
series is one third hydrated the gormula being Ru(OH)Clg.In both
cases the solutions must be dilute.Aoyama has more recently obtain-
ed what he considered a third isomer having the formula KBRuClsfﬁe
formed this by heating KoRuCly in am atmosphere of HCl gas at 540-
560 degrees Centigrade,the gas must be dried before using.He called
this the gamma salt,but on repeating the work Gutbier and Niemann
considered that it was identical with the dehydrated beta series.
The solutions of the dehydrated aqtio salt and the dechlorinated
hexachloro salt are not at first identical with those of the aquo
salt but gradually change over from the typical pure yellow solu-
tion to the red color of the aquo solution.Perhaps the most distin-
~guishing feature of the aquo salt is that its solution is immediate-
ly darkened by chlorine or bromine fumes.The chloro ruthenate is
formed by this reaction,and in practice advantage is taken of‘this
to prepare the above named salts.A rapid stream of chlorine is led
through a cold saturated solution of the aquo salt in an excess of

hydrochloric acid.The solution immediately darkens to deep brown



with a yellowish cast and the chloro ruthenate precipitates out in
minute black actahedra,which have a greenish sheen after drying.
The poassium,ammonium,rubidium,and cesium salts have all been pre-
pared in the same way.They have the following formulae respective-
1y: K2RuCl6,(NH4)2RuCl62Rb2RuCl6,and CsoRuClg.Several of the bromo
ruthenates have been nrepared in a similar way.Charonnat'deserves
a great deal of credit for clearing up the composition of the com-
pound that was formerlu supposed to be the ordinary pentachloro ru-
thenate.He,along with several other authorities,has conclusively
shown that the true formula is KoRuClgOH in which the ruthenium is
quadrivalent.It might be consgédered a hexachloro ruthenate that has
been one fourth hydrolized.When KoRuClsOH.is recrystallized from
a very concentrated solution oh hydrochloric acid KgkuClg,the hexa-
choro ruthenate is obtained,but this yields the penta chloro hydroxy
ruthenate on recrystallization from a dilute hydrochloric acid sol-
ution (less than 6 X.).

The following is a summary of the chloro salts of ruthenium
that have been well established:
A. E2§%02014(H is H,Rb,Cs);the hydrogén salt formed by the action
of gaseous hydrogen chloride on RuQ4:the rubidium and cesium salts
by the action of rubidium or éesium chloride in a very concentrated
hydrochloric acid solution on HuOg4.
B. M2§3016(M is NH4%K,Rb,Cs);formed by the action of chlorine on
MoRuClgHoO3by the action of very dilute cold hydrochloric acid on
K RuO4 melt;by the recrystallization of MzRuClsoH from concentrated

2
hydrochloric acid.

B(a)CsoRuClg.HoO;formed by the action of CsCl on a solution of RuO4
in hydrochloric ecid.Efforts to obtain the pure rubidium and pot-

assium salts were unsuccessful.



O M2§X0g5OH (M is NH4,K,Rb,Cs);formed by the action of as alkal-
ine chloride on:a solution of Ru04yin hydrochloric acid (except in
very concentrated) ;when a solution of the ruthenate is treated
with hydrochloric acid;when a solution of any oxide,except one pre-
cipitated from the aquo salt,is treated with an alkalie chloride,
the oxide being dissolved in hydrochloric acid;when a hexachloro
ruthenate is recrystallized from hydrochloric acid emcept when the
latter is very concentrated.

D. M%%ECI5.HQO (M is NH¢,K,Rb,Cs);formed hy the reduction of any
of the salts of quadrivalent ruthenium in hydrochloric acid by al-
cohol,oxalic acid,or other organic substance,stannous chloride,or
potassium iodide;also by the spontaneous oxidation in the air of
the blue bivalent pnuthenium solution.These are the only crystalline
éalts of trivalent ruthenium,and are properly called thé pentachlo-
ro-ruthenites.The term aquo ruthenite distinguishes it from the
pentachloro ruthenites,which have now become the pentachloro hy-
droxy ruthenates.

E. M;%%015;formed by the action of dehydrating agents on the aquo
salts,or by dechlorination of the hexachloro ruthenates{Aoyama's
gamma and beta salts).These have not been obtained in a crystalline
form and therefore can not be regarded as definite salts with a co-
ordination number of five,but are of the same character as K,SO4 |

and Al,(S04)zin dehydrated alum.



For the purpose of gaining practice in the technique of hand-
lying ruthenium several unknown samples were analyzed,the results
of these analysis are given in a condensed form (all the actual
weighings and calculations are tabulated at the end of this paper).

Unknown number 1

Sample A ==-=--eea- .329 % Ru.
Sample B ====mememan .264 % Ru.
In the running off of this sample no account of the chlorine
evolved was made ,the experiment being for the method of the Ru
treatment.

Unknown number 2

Sample A =~=-e-eeea- +1625 % Ru

Sample B -=-==-=--=-- 7745 % Ru

Samiple A ~==--ccan- .007675 gms.Cl (with Ru)
Sample B ======- ~==,004354

These results seem to differ rather widely,the cause being unknown
but probably due to experimental error.

Unknown number 3 The samples used were crystals of KoRuClg or

KoRuClg.H 0 and KoSnClg,probably solid solutions.Account was faken

of the stannic oxide which was left after distilling the Ru.

SaBple A =-meimnon .3092 % Ru
Sample B ======m-u= «5640 % Ru
Sample A ====m=m----- 56.25 % SnOg
Sample B ========u- 45,91 % SnOo
Sample A =-====--u- .4625 % Cl
SAmple B mmmmmm——em 1154 % €1

The work for the next period of time was that of distilling Ru
from various residues in preparation to starting the actual research.
A quantity of ruthenium was obtained in the proper form and this was

analyzed for ruthenium content, the results ate given below:




Sample number Gms.Ru/cc. Gms.Cl/cc.

A . 005870 .00412
B .00545 . 00493
C . 00560 00473

The lack of agreement was probably due to source of chlorine
in the apparatus,apparently in the sulfuric acid.The total volume

of solution was approximately 175 cc.



The ruthenium used in preparing the rubidium pentachloro hy-
droxy and the aquo salts of ruthenium was both the metal and the
residues left from other work done on the same metal.A small a-
mount of ruthenium was extracted from filter papers by dgniting
themand dissolving the rutnenium residue in sodium hypochlorite,
in which all the residues were dissolved,as was the metal.Sodium
ruthenate is formed by the reaction.If there is not enough of the
sodium hydroxide present some of the volatile ruthenium tetroxide
willescape and can be detected by the odor of new mown hay which
is caused by the evolution of ozone accompanying the above.The re-
action ls&}

3Na0Cl + NaOH + Ru = NayRuO, + 2NaCl +HC1

The solution is then placed in a goose-necked pyrex retort or dis=
tilling flask with the neck bent down at right angles so thet the
ruthenium tetroxide distilled over may be led into a flask contain-
ing a small amount of concentrated hydrochloric acid.A stream of
chlorine was led into the flask and the solution graduslly warmed
to boiling,the Ru0, distills over and was collected in the hydro-
chloric acid oontained in the flask,which was placed in a beaker

of cold water to prevert loss of ruthenium.the tetraxide may be col-
lected in very cold water or in a flask surrounded by a mixture of
ice and salt,but the loss by volatilization is much greater than
when collected in concentrated hydrochloric acid.In the latter
case the amount lost i1d negligable and the recovery may be carried
out quantitatively.Several lots of ruthenium were distilled over

in this way and the resulting solutions combined and evaporated
down to give a more concentrated solutionof ruthenium.The ruthen=-
ium thus recover in HCl changes over until there is an equilibrium

established between HoRuClg and HgRuClsOH.The color of the hypo

solution gradually changes to colorless as the amount of ruthen-



ution gradually changes to colorless as the amount of ruthenium in
it decreases.The tetroxide has a golden yellow color as it distills
over.The concentrated ruthenium solution was then placed -in a bottle
for further use.

The concentration of the ruthenium was determined by evaporat-
ing a two milliliter sample of the solution to dryness in a fused
quartz boat.The ruthenium was then reduced to the metallic state by
heating in an atmosphere of hydrogen in a cylindrical electric com-
buation furnace,the boat was piaced in a pyrex glass tube somewhat
longer than the furnace and larger at one end than at the other.The
smaller end is bent down at right angles to the main body of the °
tube so that 1t may be sealed from the oxygen of the‘atmosphere by
placing it under the surface of a small amount of water or silver
nitrate contained in a beaker.The tube was then placed so as to seal
the small end from air and the boat inserted so that it was in the
center of the furnace.A stream of hydrogen was tﬁen passed through
the tube until the air had all been swept out.To ascertain this a
glowing spark or splinter of whod was held over the water,if the
hydrogen exploded with its familiar noise the heat was turned on
and the boat and ruthenium heated until they and the tube had a red
glow.The Beat was then cut off and the apparatus allowed to cool,the
stream of hydrogen being continmed until the apparatus was perfectly
cold.Hydrogen from a cylinder was used for this purpose,but it was
necessary to purify it by passing it first through a wash bottle con-
taining alkaline potassium permanganate solution to remove all organ-
ic impurities,then through two wash bottles containing concentrated
sulfuric acid to completely remove moisture from the gas.The ruth-
enium is completely reduced to the metal at the temperature used,by

the hydrogen,the chlorine being converted into HCl.It may be collect-



ed in silver nitrate as silver chloride and weighed as such on a
Gooch filter.The boat was weighed clean and then again with the ru-
thenium metal in it,the increase in weight being the amount of ruth-
eﬁium contained in two milliliters of the solution,one hsglf of this
amount being the quantity in one milliliter.To find the total amount
of ruthenium contained in the solution, the total volume was multi-
plied by the amount of ruthenium contained in one milliliter.Dupli-
cates were run on the determination,the results being given below.

From the total amount of ruthenium calculated gbove,the amount
of rubidium chloride necessary to convert all the ruthenium into
the rubidium pentachloro hydroxy ruthenate,RbgRuClz0H,was added
after being dissolved in the least possible amount of water.Both
solutions were hot at the time of mixing.Some of the rubidium pen-
tachloro hydroxy ruthenate crystallized out on cooling.The solution
was then evaporated down successively until five or six crops of
crystals were obtained,and about half of the ruthenium hed been
precipitated out.The different crops were collected on separate fil-
ters and dried.

The remainder of the puthenium solution was then refluxed with
alcohol to convert it into the aguo salt,at the beginning\the solu-
"tion had a brownish color but gradually changed in color Eﬂti& a
rose solution was obtained.The solution of the aquo salt thus ob-
tained was then treated in the following manner,the solution was
evaporated successively until all the Ru was crystallized in five
Oor six crops.Unless the salts were on the desired form and of the
highest purity they were put in solution in the highest concentration
of hgdrochloric that would allow filtering,and recrystallized from
this.In some it was neceasary to recrystallize the salt five or six

times.The crystalls were collected in crops on filters and dried.



" The purpose of this work was to determine the water or the -0H
content.of the rubidium pentachloro hydroxy and the aquo salts of
ruthenium,and also to acquire the &echnique of handling ruthenium,
especially the analysis of the soalts for the water contént.This an-
alysis was done by analyzing for each of the other substances or &l-
ements present;Ru,RbCl,and Cl ( with the ruthenium).The total wiight
of these substances or elements was subtracted from the wgight of
the sample,in the case of the aquo salt gi?ing the weight of the
water present,and in the case of the pentachloro hydroxy salt the
weight of the -0OH groups,or the total percintage of the other ele-
ments or compounds present may be suﬁtracted from one hundred per-
cent, thus giving the percent of hydrogen and oxygen present.

A sample of the dried salt was wikighed into a fused guartz
boat and heated in thé combustion.furnace as described above.In-
stead of only ruthenium being left in the boat the rubidium chloride
is also left.The increase in weight is the ruthenium plus the rub-
idium chloride contained in the sample.The rubidium chloride was
dissolved in the least amount of water possible,the ruthenium fil-
tered out on ashless filter paper,the paper ignited in a weighed
boat,the ruthenium reduced in hydrogen as before (in case any ox-
idation took place in igniting) and wgighed as such,the rubidium
chloride was evaporated in a weighed porcelain crucible and weighed
as such.The chlorine was determined by passing the HCl1l formed through
a silver nitrate solution,silver chloride precipitated and weighed
as such on a Gooch filter.

The percentage of ruthenium in the sample was determined by
dividing the weight of the metal obtained by the weight of the
sample and multiplying by one hundred,the rubidium chloride similar-
ly,and the chlorine (with ruthenium) by multiplying the weight of

silver chloride by the gravimetric factoraand one hundred and divid-




ing by the weight of the sample.The results are given below for all

the salts analyzed.



Calculationsa:

Unknown nunmuver 1

Wt.of watch 21288 eccececwacanaao 4,8598
Wi i » " +S5ample A ----- 6.2994
Sample A .. 7.54396
Wt.watch glasfSe-ceecn cocaconaaa. 4.8598
i “ 4+ Samle B cececcnua- 5.7120
Sample B e=ece--- 1.8522
Wt.boat A + Ru in sample A —----- 4:1014
WL.B08L A cavncnvovsscosvnsnumese 44,0976
Ru 1in sample A ~ce--- V.0038
Wt.ooat B +Ru in sample B «evce--- 3.528?
Wto buatl B ——————————————————————— .5 20
Ru in sample B ccwe-. V. 0081
A. .0038 x 100 % = .264 % Ru
1:4396
B. .0061 x 100 %2 = .3291 % Ru
1.8522

Unknown number 2

WEWALEN EIABE ~cuccovnvnnunsmnna 9.0475
v £ " 4+ Sample A ce-ce-.- 2.%022
Samples A ---- 0.3017

Wi.watcn glass eececmceceoaoceaa- 9.0475
i y “ 4+ Sample B —e-ee-- 10.3412
Sample B-=~«- 1.2937

?t.ooat K ik b s v i e i 4.3p25

Me.DOAt B mcecc e 4.3834
B RN L W ek e o 4.4037

T G R 4.3239



Unknown numpar 2 conbt'd.

Wt.00at B + RU cecccemccccannncaa 4,3239
Ru in B --- 0.0100

A, 0.,0014 x 100 = ,1625 % Ru 1in sample A
0.8617
B. 0.0100 x 100 = .7745 % Ru 1in sampls B
1.2937
Wt. oI Pt crucible -cecvecccaecaaa 15. 1025
i it 3] " + Agc-l A T 15.1-5-55
AgCl in sample A ?2- 0,0310
Wt,of Pl.cruclpnle ~-ececcccccaca- 15. 1335
ka0 O - + AgCl In B -- 15.1756
AgCl in sample B -- U,.0421
Cl = 4 = .2474 gns.Cl in RuCl,
AgCl .031
.007675 x 100 = no.cneck in % Cl aue to absorbed chlorine in
«2059 H,504 used 1in puriiying nyarogen.

<0421 X 2474 X 100 = 50511 % Cl in RuCly in sampls B.
0.0203

Unknown nunver 3

Wt.of sample A . 5494 Wt.or poat A 4.32225
Wt ol sample B 9717 Wt.or pboat B 4.0843
Wt.01 crucinle A. 8.6630 Wt.or1 Pt.crucionle A 15. 1969
Wt.o1 Cruciple B 8.8276 Wt.or Pt.cruciple B 15.1515
Wt.cruciole A + stannic oxide 8.9718
. 8.6630
Stannic oxide A 0.3088
Wt.crucible B + stannic oxide 9.27T74
8.8276
Stannic oxide B 0.%5%498
0.3088 x 100 = ,3092 % SnO, in sample A



0.4498 x 100 = 45.91 % Sn0, 1n sampls B

<9717

Wt.poat A + Ru 4.3243
4.3225
Wt.Ru A 0.0017

Wt.Boat B + Ru 4.08774
4.0843

Wt.Ru B 0.0034%

0.0017 x 100
. 5494

0.00344 x 100
9717

Tt.Pt.cruciole + AgCl A.
Wt.AgCl A

Wt.Pt.cruciole + AgCl B
Wt.AgCl B

«0103 x .24738 x 100
« 5494

0454 x 24738 x 1wV =
<9717

Unknown number 4

0.3092 % Ru in sample A

0.3640 % Ru in sample B

15.2072
15.1969
0.0103

«4625 % C1 in sample A (with Ru)

«1154 % Cl in sample B (with Ru)

Wt.of poat A 4.3650
% . " A + sample 4.5348
Sample A 0.1569

Wt.o1 boat A + Ru 4.4179
4.3650

Ru in sample A .0529

Wt.or boat B . ° 4.3230
" " " B + sample  4.4467
Sample B 0.3237

Wt.of boat B + Ru 4,3620

Ru in sample B 0.0390



Unknown nunber 4 (continued).

.052% X 100 = 31.20 % Ru &n A,

. 169

.0399 x 100 = 31.53 % Ru in B.

. 1837

Wt.o1r pt.cruciple 15.9630

Wt.of pt.crucible and AgCl A 16.9494
0.0864

Wt.of Pt.cruciple 15.5167

Wt.of Pt.crucible and AgCl B 15.9630

4553

L4673 X 24739 x 100

89.21 2 C1 in B
c1237

.9864 x 24739 x 100 = 140.0 % C1 in A

At this point chlorine was found to be coming from the sulfuric

aCi‘i‘
Wt.ot boat 4.3639
Wt.of boat and sample C 4.6727
Sample C . 3088
Wt. of boat and Ru 1in C 4.4548
4.3639
Ru in C '7%9%5
0909 x 100 = 2946 % Ru in C.
. 3088
Wt.of Pt.crucible and AgCl C 16.8850
16. 1531
7319 X 24739 x 100 = 58.6% % 01 in 0.

«3088




Determination of Concentration ot Ruthenium in the Solution.
(2 cc.evaporatesa to dryness in pboat and thsn reducea with
hydrogen each time)

Wt.or boat and Ru A 4.3337

4.3225
Grams of Ru in 2 cec. .0112
Grams of Ru in 1 cc A .Q0056

Wt.of boat and Ru B 4.3754

4,3645
Grams oI Ru in 2 cc. .0109
Grams of Ru in { cec B .00545

Wt.of boat and Ru C 4.3339

4.3225
Grams of Ru in 2 ce. .O11%
Grams of Ru in { e¢¢c C .0057

Wt.of Pt.crucible & AgCl A 15.2914
15.2577 .0337 X 24738 «00414 Gns.
AgCl A 0337 2 Cl/ce.

Wt.of Pt.crucible & AgCl B 15.2577
15.2176 0401 X 24738 .00493 Gms,
. 0401 Cl/cc.

]

Calculations ror tne amount oIfRbCl to pe added to the known amount
of Ru to convert it into RbyRuClzOH. 175 cc.or solution.

175 ee.X .U0555 = .971 gms.or Ru

2 RbCl = X X = 2,209 gms.of RbCl to be aaded.
Ru 0971

For a second solution of 190 cc.containing .00867 gms.Ru/ce.

190 x ,U0867 X 241.8 = 3.923 gms.RbCl to be added to convert
101.7

the Ru into the Rubidium pentachloro

hydroXxy ruthenate.




Analysis of aqup salt

Lot one (sample A)

Weight of boat A ---~--- -—-ecceccccrcccnnceccccea—-- 4.3222
Wolaht of BOgh h BBR Bl Ll e swiihinhi e b el S o i e -4,5876
Weight of salt -==-=ccececmcccrrm e e c e e « 2754
Wt.of boat,RbCl,and Ru(after H reducing)---------- 4,5222
Weight of bogafe-eemcem i cm e e e 4,3222
Weight of RbCl and RU==e==meemccccme e e e e e « 2000
WOLERE OF DORT ML  Biiravioimbe bes st oot 5 5 et 0 o ol 4,3799
Weight of bogt==c-m-emccccm e e e 4,3222
Welght of HUe-==mcocmme e cmrrc e e e e « 0577
Weight of PL cruciblee=ecemecrmcmm e e e e 47.1509
Weight of Pt crucipble and Aglle-ceecmccmcemmemceanna- 17,4194
Weight of Agllececmmmm e e :2085
Wt of crucible A ==cccmmm e e 11,5764
Welght of crucible A and RbClececmcmmccc e = 11.7159
WALEIE OF RDOL w5 oo im mimowiins /om0t mie o oo S e o s .1395
f%%%% NI [ R e L . 20,95 % of Ru g
:%sgz X lUU mmemmm e 50,65 % “RbCl 95.72
100,00
:gggz X 100 %-¢24738=-==- 24,12 % C1 _92%%5 7 iuial




Lot one (Sample B)
welgnk of Boit B fud.saunle rizcsczeiezsroaeedcase 4.0818
Weight of boat B and sample-~==e=e-ceccmmcmccea——- 4.3962
Weight of aample =---cccmmcmcmm e 03144
Weight of boat B ,RbUl and Ru ===-eecmcccmccencne= 443011
Weight of boat B =-mecmccc e e 4,0818
Weight of RbCl and Ru-=-===cemcrem e e e e e «2193
Weight of boat and Ru =eeeeemceccccme e e ccemeem 4,1508
Weight of 008t emecmcmcc e e e = 4,0818
Weight of RU ===eececmcmmcmcc e e e e e e « 0690
Weight of Pt crucible ==ewemcccmccccun—- e —————— 17.4194
Weight of Pt crucible and Agllememmmccccccccccmaa- 17,7024
fieight of Agllececccccmm e e e e e « 2830
Weight of crucible B ===-smeemccmcrccccc e e - 11.2901
Weight of crucible B and RbClememcemmcmcccccaceea—x 11,4507
Weight of RbCleeemem e e - « 1346
.0690 of
S SR 1. HNPUR AR R 21.95 % Ru 22,27

-3144 21,95

42,81
1346 : 87.03
BIEE X LOR e e I s i 42,81 % kbCl

100,00
.2880 87.03
o3144 x 100 -x- 424738mmmemm=mmm——- 22.27 % Cl 12.97 %

water



Lot two (Sample A)

welght of bogt A meccmmmm e e e e - 4,3221
eight of boat A and sample =--e-cccccemcmcccmcmana- 4,5984
Weight of sample =-=eeccccccmc e r e — e 2763
neight of boat A,RbCl and Rus=---ecercrccccccccea-" 4,5163
Weight of boat A s=meccccccrr e e e e = 4.3221
Jeight of RbCl and RU ==e-meemmccccccccc e e — - 1942
Weight of boat and RU =eemccccmccmc e e e e e e 4,35802
Weight of bogt =ee=ececemcmccc e e = - 4.3221
Weight of Russemmecccc e e e e e e e « 0581
weight of Pt crucible e-remccccmc e e e - -17.,7024
Weight of Pt cru ible and Agllesccmccemmemmccenena 18,0213
Weight of Aglleceecemmmcmcm e e e e « 3189
Weight of crucible-=ceccmcmcm e e 11.5766
weight of crucible and RbClew=ecew--- e ———————— 11.7128
Weight of RDBUlemmmcmm o e 1362
0581 o A o e 21.03 % R
2965 ¥ " Aty 21,03
i 28053
.1362 ! o 49.29
W X 100 =ccmmccc e e 49,29 70 RbCl 98.85
3189  x 100 =®-4R24738 =-mmcmemean 28.53 % €1 100,00
o763 ! 4 96 .85
i B A

Water




Lot two (Sample B )

Weight of oAt B ==cememm e e 4.0801
Height of boat B and sample —=--rcmmccmccccccccea- 4.1818
Welght of sample--=--crmmcc e e e = « 1017
Weight of boat B,RbCl and RUm=c-ecmmecccmcneecncan" 4,1522
welght of boat B =-mccmmmc e e e - 4,0801
Weight of RbLCL and HU ===eccccccccmmccc e cc e « 0721
weight of boat B and RUm==eccmcmcm e m e e e e 4,1021
Weigh t Of DOAt B meccmmcmmcrcrccsmmmaranmemmeesena 4,0801
Weight of RU mecccmmm i e e e « 0220
eight of Pt crucible ecececmcrcrmmcmm e e 18,0213
Weight of Pt crucible and Agllemmemmcmcccccmecenna. 18,1441
leight of Agllemcmcmm e e e s1 227
Weight of crucibles==cemccecmmmmcr e e 11.2953
Weight of crucible and RbCl emeeccccecmcrcm e mcm e 11,3371
Weight of BbClememcccm e e e e e 0418

. 0220 x FI0Y Lo o b i i e -= 21,42 % Ru 29.55
e 1017 40,70

21.42

.0418 R SN 8 U1 YRS RpCcl  21e67
Sty x 100 40,70 % Rb

1007 29.55 4 61 100,00
o155 x 100 -x 424738mmwmmnmn—= . o C 91.67
-1017 ~5.35 %

wgter




Lot three (-Sample A)

Welght of boat Awmcmccccm e e e e 4,3221
Weight of boat A and samplé=eemcmcrcm e ccr e e 4,4065
Weight of sampleeccmmmcmm e e « 0844
Weight of boat A,RbCl and RuU ===eeccmceccccmccanaax 4,3814
Weight of bogat A eecmmcmmm e 4,3221
Weight of RbCl and RUuee=mecececcecccmcccc e e «0593
Weight of boat A and RUe===ceccmcccrcmnmmcn e e 4,3416
eight of boat A ~-cmcmmmm et e e 4,3221
Weight of RU =ecrmeccmamccir e e e e e e « 0195
Weight of pt cruvible =wcmcmcmcccocmee.. ——————— e e 18,1440
Weight of Pt crucible and Aglle-ememcmmcccccc e 18,2398
Weight of Aglleccm e e e .0958
Weight of crucible =ceccmcccmmccm e e 11.5759
Weight of crucible and RbCle=scmcccmmerameennncnea 11.6171
Height of RbClemccmmmr e e e e e .0412
+OLOB o | RA Ukl sl i i e e 23,10 % R
o P we G ofhe

0412 A ~

2 100 mmmmrc e e e e 48.82 % RbC
“oeiz X 00 % RbCl

«0958 x 100 X .24738 =mcewcee- 28473 % C1

These results add over 100% not ellowing for water




Lot three ( Sample B)

Weight of boat B =-ecrmmmmc e e 4.0802
Weight of boat B and samplesee-ecmccccccccmamcnenn 4,1647
Yeight of sample =seecmmecccca e e 0845
Weight of boat B,RDCL and Ru =-mecccmmmmccmmnacaa 4,1373
Weight of boat B ====-ecccrcc e c e e me e e 4.,0802
Weight of RbCl and Ru ===ecmecccmccccamcmemarcn e <0571
Weight of boat and Rusees-cceccrmecrmr e ccrc e e = 4,0993
Weight of boat ==-ecccmcmmm e 4.0802
Weight of U eccecccmc e e e e 0191
Weight of Pt crucible ==-eemececccccccccmc e cceee 18,2398
Weight of Pt crucible and Aglle-meccmmmcocce o an 18,3351
Weight of Agllem=ececmcccrmmcn crcce e e e e e 0953
Weight of crucibles-emceccmccm e e 11.2981
Jeight of crucible and RBCl —memrrcccmcmc e meaeen pll.3346
Weight of RBCl mmmmmccm e e e e « 0395
SALLEY | o T A e e e R O e i > 9
R 22,60 % fu 27.90
46,75
22460
WAEBE S e L e T e o T ~O7 _oF
~084E— b 4 100 46.75 % RbCl P7:25
’ 100,00
.0953 X 100 X 424738 ecececemcceaea- 27.90 % Cl1 97.25
.0845 2.75 %

water




~--2HRbCl+Ru----Ru

« 2000
72.62

«2193
69.75

.1042
70.29

1 .0721
"‘no.21

«0593
70,26

05871
67 . 57

0577
20.95

. 0690
21.95

.0581
21.03

0220
21.42

0195
23410

. 0191
22.60

« 1395
50.65

« 1346
42.81

1362
49.29

.0418
40,70

0412
48.82

0395
46.75

RbCl--=--RhCltRu --Cl

1972
71.61

« 2036
64.76

« 1943
70.32

. 0638
62,12

0607
71.92

. 0586
69459

06642
24.12

o OO T
22e 2,7

.07888
28.053

03035
29.55

« 0237
28,73

023587
27.90

Ru,Rb81,C1 -- H,0
< 26362 ,0118
95.72 4,285
. 2736 0408
87,02 12.98
.2732 0031
98.88 1,148
0942 0075
91.72 7,503
.0844 0000
100 0000
.0822 .0023
97.28 2,722



Calculation of the molecudar weifht of the loss in the analy-

sis of the rubidium aquo salt of rutheniug.

1) 34345 X o0ll8 =mmm--mmemmmmaen 20,28
. 2000

2) 34345 X 40408  mme-mmmme-e—o-- 64,09
.2193

3) 343 .5 20081
01942 = s--smmmemmeeeoo-- 5485

4) SAD el X O e e 24,79
.07421

5) N R A g RN i MR 13.86

0071





