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Pre aration and Anal y sis of t h e Aquo Salts of Ruth enium 

Rutheni v , one of t he platinum g roup s of metals,has a spec i fic 

gr a v i t y of 1 2. 2 ,a melting p oint of 2450 degre e s Centigrade,and a 

boiling p o i nt somewhat above 270 0 degrees. I ts atomi c weight is 101.7 

and its atomic number 44 . I t was d i scovered in 18 4 b y Claus . I ts 

double sa l t,th e ch loride,was des cr i bed b y him a t the s ame time,it 

had t h e formulaassigned b y h im of K2Ru C15 . He cal l e d attent i on to 

its s imi larity to t h e corres p onding rhodium salt, Rh C1 5 . Some t ime 

later he obtained a nother salt whi ch h e believed to be K2Ruc16 . I n 

1872 Joly was working on t h is same salt a n d found tha t no hydroly­

s i s t ook place . On investig ation he found evid ence of only five 

ch l or ine atoms . I t wa s evi d ent that Claus h ad a nalyzed only for pot­

a s s ium,ruthenium and ch lorine,for when h e heated some of t h e salt in 

hydrog en he ob tained ammoni um ch lorid e and considered the formula t o 

be K2Ru Cl 5NO . There i s a d ifference of five in t he atomi c weight,due 

to t h e presence of one - NO and t h e absehce of one ch lor i ne, i t is r 

readily se en h ow t h e mistake could h ave been ma d e since t he heavy 

weight of t h e mo l e cul \las · t h e ,: -ceu·sec of t .bverlookin g t h e t wo add i t­

ional elements present. 

The n ext upse t came in t h e a ttemp t t o obtai n ruth enium i n the 

bi valent form. If some of t h e suppos edly RuCl 2 is oxidi zed i n t h e 

presen c e of alcoh ol and CsCl s one crys tals of Cs 2RuC15 . H2 o a re ob­

tained . Th e p otassium or r ubidium salts may be obtained in t h e same 

way . These salts are called t h e s qu o salts. A few years later ~ntony 

obtamned s ome K2RuCl5 . H2 0 , whi ch like t h e o t h er cou l d be d ehydrated, 

but g ave a red s olution while t ie other g ave a pink on e. h t a later 

dat e · oyama,a ch emis t in J a p an,obtain ed a t h ird salt of t h e same 

ch ara cter . t f irst it was thought t ha t t i ese compounds were inor­

gani c isomers . Kraus took u p t h e study of t h em along wi th Remy , Briggs, 



and Gutb·er. h e y came to t h e conclusion that t h e alph a salt had the 

formula K2RuC1 5 0H in which t h e ruth enium is tetravalent.In the 

oth er com ound t h e ruthenium is tri-valent . t t h e present time t h is 

is the only solution that h as been found to the problem. fter much 

work on Claus'first salt, Remy suggested the formula (K2R Cl 5 20 

Charronat suggested the formula K2-Ruc1 50H whi le Antony s uggested 

t h e formula K#uCl 5H~O . The (Cha"Tr(1)n=-a.1t formula is the one accepted 

today,one of its advantag es is t ' at it h as t h e coor ination number 

of six . There is little difference i n t h e weights of any of these 

salts and it is d i ffic~lt to g et a n accurate ana lysis of any of 

t h em.The hydrog e n met od of analy s i s will be describe later,as 

can be seen there are many chances of error,and this lessens the 

a ccuracy of the determination . The oth er method of determining t h e 

amount of water dire c tly is not much more accurate due to t h e s mall 

amount of water nresen t . I n the water met ~~ i ,both water and chlorine 

are g i v en off . The p resence of t h e ch lorine interferes with a n ac cur­

ate determination of t he ater . If calcium ch loride is used for weig h ­

ing t h e water directly,a slight ch a nge in temperature causes t n e 

Ca Cl2 to chan g e weight and t h us ruin the d etermination . This chang e 

and thus the change in we ight of t h e apparat us may occur at any 

p oint,even while t h e calcium chlorid e tube is on the b a lance . It 

ha s been g ound t h at t h e ordinary pentach loro rutheni te ca 1ot be 

chlorinated direc t l y t o the h exachloro ruthenate . In 1 99 t e latter 

salt was described b y Antony and Lucch esi . They obtained it from 

p otass i um r u thenate, K2Ru o4 ,by treating a solution of the latter 

ith concentrated hydrochloric acid,the ordinary p en tachloro ru­

t h enite is exp ected by this reaction . On the f o l lowing year t h e 

monohydrate of potasssium pentach loro ruthenite was obtain 

Mi olati and Tagiuri,by precipitation f r om the acid solution of t h e 



tr ichloride s by potssium chloride in t h e cold . owe d escribed t he 

ces ium and rubid i um pentachloro ruth enin es whi ch cry stall ize as 

mo ohydrat e~ . 

I n 1901 Howe obtained t h e monoh y dr ate by boiling an acid sol­

ution of K2RuC15 with alcohol . The soluti on slowly ch ang ed from dark 

red-brown to nose a nd t h e rose prisms crys talli zed out,th e y were 

cal e d t h e a uo ch loro ruthenate by Howe and t h ey h ave t he formula 

ammoni um,rubidium,and cesium salts 

hav e been describ ed,as well a s t h e otassium and r ub idium aquo aquo 

bromo ruth enates, The monohydr ate of t h e alpha series was found b y 

Lind and Bli s s to be t wo t hi r d s h ydr a ted ,th e f ormula being u( H) 2 c1 

but the r u t h enium i s uadrival e n t. The corres ponding a quo or b eta 

series is on e third h y drated the ~ormula b eing Ru( 0H )Cl2 .In both 

ca s es t h e s olutions must be dilute. oyama has more recently obtain­

ed 1hat he considered a third isomer having the formula K2RuC1 5 ? e 

formed this by heating K2RuC16 i n am atmosphere of HC l g as at 540-

560 degrees Cent i g r ade,th e gas must be dried before using. He called 

this t h e gamma salt,but on rep eating the work Gutbier and l iemann 

con sid ered t h at it was identical with t h e dehydrated b eta series. 

he solution s of t h e dehydrated aquo salt and t h e dech lorinated 

h exachloro salt a re not at first identical with t h ose of the a quo 

sal t but gradually c h ange over from t h e typical pure yellow solu­

tion t o the red color of the aquo solution. erhaps t h e most distin-

. guishing feature of t h e aquo salt is that its solution is i mmediate­

l y darken ed by ch lorine or b romine f umes. The chloro ruthenate is 

fo r med b y t h is reaction,and in practice advantag e i s t aken of t h is 

to repare t h e ab ove named salts. rapid stream of chlorine is led 

t hr oug h a co ld saturated solution of the a quo s a lt in an excess of 

h y d rochloric ac i d. The solution i mmediately d arkens to d eep bro n 



wi th a y el lo ~is cast a n d the ch loro ruthenate p recipitates out in 

minut e black ectahedra, which h ave a g reen ish sheen after dry i ng . 

The p oassiurn, ammon ium,rub idium, and ce sium salts h ave a l l been p re­

par ed i n t h e same way . h e y h ave the follo Ming formul ae res p ective­

l y : K2RuC1 6 ;(NH4 ) 2RuC1 6 7Rb 2RuC1 6 ,and Cs 2RuC16 . s everal of t h e bromo 

ruth ena t es hav e been repared i n a simi lar way . Charonnat deserves 

a gr ea t deal of credi t for clearing up the composition of the com-

ound t h at was formerlu supposed to be t h e ordinary pen t a ch loro ru­

thenate. He,along with several oth er auth orities, ha s con clusively 

s hown t hat t h e true formula is K2RuC1 5 0R i n wh ich t h e ruthenium is 

quadrivalen t.I t mi ght be consid ered a hexachloro ruth enate that has 

been one fourth h ydrolized . h en K2 u Cl 50H.is recry stallized from 

a v er y con cen trated solution oh hydrochloric acid 12 uC l 5 ,th e h exa ­

choro r uth ena te i s, obtai n ed , but this yields the pents chloro hydroxy 

r uthen ate on recrystall i zation from a dilute hydroch loric acid sol­

ution {less than 6 N.). 

The followi ng is a s runmary of t h e chloro salts of r uth enium 

tha t have been well e s t ab lished: 

A. M2FZ~o2 c14 ( ·~ is H, b, Cs); t h e hydrog en salt fo r med by the a ction 

of gas eous h ydrogen ch lorid e on Ru 04 ; the rubidium a n d cesium salts 

by t h e ac tion of rubidium or cesium chloride in~ very concentrated 

hydr o chlo r i c a cid s olution on Hu04 . 

B. M2~~Cl 5 ( Tu i s NH41 K, b,Cs);formed b y t h e a cti on of ch lorine on 

M2Ru Cl 5H2 0 ; by the act ion of very dilute cold hydroch loric a cid on 

K2Ruo4 melt;by t h e recry stallization of ~2RuC15 H from concen trated 

h ydroch loric acid. 

B( 1)Cs2Ru Cl 6 . H2 0; f ormed b y the action of CsCl on a solution of Ru 04 

in hydr o chloric acid. Efforts to ob tain the pure rubidium and p ot­

as sium salt s were unsuccessful. 



C. M2~ ~C 5 oH ( _ is NH4 , K, Rb,Cs ) ·formed by the action of as a l kal­

ine chlorid e on · a solut ion of Ru o4 i n hydro chloric acid (excep t in 

ver c oncentr a ted);when a solution of the ruthenate is treated 

wi th hydr o ch lor i c acid; when a solution of any oxide,excep t one pre­

cip itat e d fr om t h e a uo salt,is trea ted wi t h an alkal ie chlorid e, 

the oxide b eing d issolved in hydrochl oric a c id ; when a hexach loro 

ruthenate i s recrys tal lized from hydrochloric acid ex cep t when t h e 

la tter is very con centrated . 
iii 

D. M2Ru Cl 5 . H20 ( M is NH4 , K, Rb,Cs)·formed b y the reduction of any 

of t h e salts of quadrivalent ruthenium in hyd rochl oric acid by al­

c oh ol,oxalic ac i d ,or oth er org ani c s ubstance, s t annous ch loride,or 

p otassium iodide;also b y the s ontaneous oxidation in t h e air of 

t h e blue bivalent nuthenium so lution. Th ese a re t h e only cry stalline 

s a l ts of tr i valent r u t h enium,and are p ro p erly called the pen t a chlo­

ro-ruth enites.The term aquo ruthenite d istin@-.l.ishes it fr om the 

p entachl oro ruth en ites, which have now become t h e pentachloro h y ­

d roxy rutn ena te s . 

i ii 
E . M2RuCl5 ; fo rme d · b y t h e action of d ehydrating g ents on t h e aquo 

s a lts,or by d ech lor ination of t h e h exach loro r u t h enates oyama's 

gamma and beta salts ) . These have not been obtain ed in a crystalline 

form and t h erefore can not be regard ed as defini te s al ts with a co­

ordination n ber of five, b ut a re of t h e same ch aracter as K8so4 

and .12 (so4 )3 in dehydrated alum. 



F or t h e pur p os e of gaining p r a ctice i n t h e techni ue of h an d­

lying r u t henium s everal unknown sampl es were anal y zed ,th e re sul ts 

of t h es e analysis ar e g iven in a condens ed f orm a ll t h e actual 

we ighi ng s and ca lcu l a tions a re t abulated at t h e en d of t hi s pa p er ) . 

Unknown n umb er 1 

Sam l e -- - - - ---- -. 329 ~ Ru. 

ample B - - --- - -- - --. 264 % Ru. 

In the r unni ng off of t h i s sampl e no a ccount of the ch lorine 

evolved was made ·,th e exp erimen t b e i n g for t h e method of t h e Ru 

treatment. 

Unknown n umb er 2 

Sample A -- --- - ----rl625 % Ru 

Sampl e B -- -- - - ---- . 7745 % Ru 

Sampl e ---------- . 007675 gms. Cl ( wi th u ) 

Sampl e B ---- - -- - --. 0 0 43 54 

The se resu l ts seem to differ rath er wid ely ,the cause be i n~ unknown 

but p r obab ly due t o experimental error. 

Unkno m number 3 The samples used were c rystal s of \2RuCl5 or 

K2RuCl5 . H O and K2Sn Cl5, prob ably solid solut ion s. c count wa s t aken 

of t h e stanni c oxid e rh i ch was l eft after di s ti l ling t h e Ru . 

Sample ----------. 3092 ~ Ru 

Sampl e B ------ - --- . ~640 % Ru 

Sample A ---------- 56 . 25 
.I 

% Sn 02 

Sample B ---------- 45 . 91 % Sn02 

Sampl e A --- -- -- - -- . 4625 of 
; "O Cl 

Samp l e B ------ - ---.1154 o/ 
/0 Cl 

The work for t h e next period of time wa s t hat of d ist i llin g · u 

f r om various residue s in prepara tion to sta rting t h e a ctual re s e a rch . 

quant i t y of ruth en i um was obtained in t h e prop er form and t h is was 

analy z ed f or r u t h e~ i um con t en t,th e r e s ults a ne g iven below: 



Sample n umb er 

A 

B 

C 

Gms . Ru/cc. 

.00570 

.0054 5 

. 0 0 560 

Gms. Cl /cc. 

. 0 04 12 

. 0 0493 

.00473 

Th e lack of a g re ement was p robably due t o source of chlorine 

i n t h e a pparatus, a p p aren tly i n t h e s ulfuric acid . The total volume 

of solut ion as a pp roxima t ely 17 5 cc. 



Tm r uthenium used i n p repar ing t h rubidi um p en tach loro hy-

droxy and t he a quo sa l ts of r u theni was b o th the me t a l a nd t he 

r esidues l e f t fr om o t h e r work done on t h e same me tal . s ma l l a -

mount of ru~h enium was extra c ted fr om f il t e r p er s b y i gn i t ing 

t hemand di s s o l v i ng the r u t nun i um r e s i due i n sod ium h ypoch lor i te , 

i n hich a l l the r esidue s were diss o l ved , a s was t h e me ta l . 0 odium 

ruth en a e is f or me d b y t he reac t io . If t here is n ot e n ough of t h e 

s od ium hydroxide pr e s en t some of t he v o l ati l e ruth eni um t etroxide 

willes cape and can b e de tect ed b y t h e od or of new mown hay which 

id caused by t h e evoluti on of ozon e a ccompanyin g t he above . The r e ­

action i s; 

3Na0Cl + NaOH +Ru= Na 2 Ru0 4 + 2NaCl +HCl 

The solution is then p l aced i n a g oos e - ne ck ed pyrex retort or d i s ~ 

t illing f l a s k wi t h the ne ck b ent down at r i ght angle s so tha t t h e 

ruthenium t etrox ide dist i l led ove r may be led i n to a f l as k c on t a i n­

i ng a small amount of concentr a t ed h ydroch lori c ac id .A s t r eam of 

ch lorine wa s led int o the f lask a nd the solution g radually wa r med 

to b oiling , the Ru o4 di s t ill s ove r a nd was collected in t h e hydr o ­

ch lori c a ci d c onta ined in t he f lask, whi ch was placed i n a bea e r 

of cold water to prev e.rt'loss of r uth enium . ~h e tetraxi d e may b e c o l ­

lec t ed in very cold wat e r or i n a f l as k sur round e d b y a mix ture of 

c e a n d salt , but t h e los s by volati l ization is mu ch g rea t e r t h an 

when co l l e cted i n c onc e n trated hydr och lor i c acid . I n t h e l a tt e r ~ 

ca s e the amoun l ost i a neg l i g a b le an d the recovery ma y be carr ied 

ou t quan ti tati v e l y .Se veral l ot s of ruthenium ere dis ti l led ov e r 

in thi s way a nd the result ing solu t i ons combined a n d e vaporated 

down t o gi ve a more con cent r ated soluti onof r uthenium . The ruthen- , 

ium t hus r e c over i n HCl ch ang e s ove r unt i l t here is an e u i librium 

es abl i shed b e t w en H2Ru C15 and H2RuCl5OH . The c o l o r of t he h yp o 

sol t i on g r adually ch n g e s t o c olorl e s s as t h e amount of r uth en-



ution g r adu a lly ch anges to colorless a s t h e amount of ruthenium in 

it d e creas e s . Th e tetroxide has a g old en yellow color a s it dis tills 

over. h e c onc en tra ted r utheni um solution was then p laced -in a bo ttle 

for further u s e. 

h e concen tra tion of t h e r u t henium rva s de termined by evap orat­

ing a t wo mi l l i liter sampl e of the solution to d ryness in a fused 

quartz boa t. The ruth enium wa s then reduced to t h e metallic sta te b y 

heating in a n atmosph ere of hydrog en i n a cylindr i c a l .el ectr i c com­

b uat ion furnace,the boat was placed in a pyrex g lass tube somewha t 

longer than t h e furnace a nd larg er at one end than at _t h e oth er. he 

smaller en d is bent down at r i ght ang les to t h e main body of the 

tube s o t ha t it may be sea led ~rom t h e oxyg en of t h e atmosph ere by 

placing it under t h e surfa ce of a small amount of water or silver 

nitrate con t a i n ed i n a b eaker. Th e tube was t h en placed so as to sea l 

t h e small end from air and t h e boat i nser ted so t ha t i t was i n the 

center of the furnace. A stream of hydrog en was t h en p as s ed through 

t h e tube until the air had all been s wept out. To asc er t ain t h is a 

glowi ng s park or s plin ter of wmod was h eld over the wa ter,if t he 

hydrog en exploded wi t h its f amiliar n oise t h e heat was turned on 

and t h e boa t and ruthenium h eated until t h ey and the tube had a red 

gl ow. The geat was t h en cut off and t h e a pparatus allowed to cool,the 

stream of hydrogen b eing continued until t h e a pparatus was perfectly 

cold . Hydrog en fr om a cy lind er was used for t his purpose, b ut i t wa s 

nec e ss a ry to purify it by p as sing it f i rst t h rough a wa s h bottle con ­

t a inin g alkaline p ota ssium per mang anate s olution to remove all org an­

ic impurities,then t h rough t wo wash b ottles containin g concentrated 

sulfuric acid to c omple tel y remove moi s ture from the gas . The ruth ­

enium is completely reduced to the metal at t h e tempera ture used ,by 

t h e hydrog en ,the chlorine being converted into HCl.It may be co l lect-



ed i n si l ver ni tra te as si l ver chl oride a n d .weigh ed a s such on a 

Gooch f i l ter.Th e boat was weighed clean and t h en aga in with t h e ru­

t h enium me tal i n it, the i n crea se i n weight b eing t h e amount of ruth­

enium c onta ined in t wo mi lliliter s of the solution,one h alf of t h is 

amount being t h e quantity in on e milliliter. To find t h e tota l amount 

of ruth en i nn contained i n t h e solution , t h e total volume was multi­

~lied b y -the amount of ruth eni um c onta ined in on e mi lliliter. upli­

ca te s wer ~ run on t h e det e r mina tion,th e results being g iven b elow. 

F rom t h e total amount of ruth enium c a lcula ted above,th e amount 

of rubidium c h loride necessary to convert all t h e ruth en iurn into 

t h e rub i d ium pentach loro h ydroxy ruth en ate, Rb2Ru Cl 50H , was added 

a fter being dissolved in the least p os s i b le amount of water. o th 

s o l u ti ons were hot at t h e time of mixing . ome of t h e rubid ium p en­

t a ch l o r o hydroxy ruth en ate crystallized out on c oolin g. The solution 

wa s then evaporated down succes s ively until five or six crop s of 

crys tals wer e obtain ed,and ab out half dlf t h e ruth enium had been 

preci i tated out. The different crop s were collected on separate fil­

ter s and dried . 

Th e remain der of the Buth enium solution was t h en refluxed with 

lcoh o t o convert it i n to t h e a quo salt, a t the b eg i nn ing t h e solu-

· t ion had a b rown ish color but g radually ch a nged i n color \mtim a 

ro s e s oluti on was obtained . The solution of the a quo salt t h us ob­

t a i n ed as then treated i n t h e following manner, the solution was 

evapora ted successively until al l t h e mu was crys t a llized i n five 

or s ix crop s . Unle s s t h e salts 'iere on t h e d esired form and of t h e 

h i ghest purity t h e y were put i n solution in t h e highest concen trati on 

of h j d r o chloric t ha t would allow filtering ,a.nd recr yst a l l ized from 

this. In some it was necessary to recrrs t a llize t h e s a lt five or six 

t i mes. h e cry sta lls were co l lected in crops on filters and dried. 



· The purpose of t h is work was to d etermine the wa ter or t h e - H 

conten t of t h e rubidi um pentachloro hydroxy and the aquo salts of 

ruth enium,and also to acquire t h e eechnique of h andiing ruth enium, 

e s pecially t h e analys is of the soalts for t h e wa ter content.This an­

alys is was d on e by an aly zing for each of t h e other substances or el­

emen ts p r esent ; Ru,RbCl,and Cl ( with t h e ruth enium). The total weight 

of t h ese sub s tances or element s was subtracted from the weigh t of 

t h e sample ,in t he case of t h e aquo s a ~t g iving the wei ht of t h e 

water presen t, and i n t h e case of t h e p entach loro hydroxy salt t h e 

weigh t of the - OH g roups ,or the total perc:i:ntag e of t h e oth er ele­

ments or compound s p re s en t may be subtracted from one hund red per­

c ent ,th us g ;ving t h e percen t of hydrog en and oxygen present. 

A sample of t h e dried salt wa s weighed into a fused quartz 

boat and heated i n the combustion furnace as described above. I n­

stead of onl y ruth enium being left in t h e boat t h e rub idium chloride 

is also left.The i n crease in weight is t h e ruthenium plus the rub­

idium chloride contained in the s ample. The rubidium ch loride was 

dissolved .in the least amount of water p ossible,the ruthenium fil­

tered out on ashless f i lter paper,th e paper ign i ted in a weighed 

boa t,the ruthenium reduced in h ydrogen as before (in case any ox­

idation took place i n i gniting) a n d weighed as such,the rubi d ium 

ch lor i de was evapora ted in a weighed porcelain crucible and weighed 

as such . The chlor i ne was de termined by passin ·· t h e Cl formed t h rough 

a silver n itrate solution,silver chloride precipitated and weigh ed 

as such on a Gooch filter. 

The p erc entag e of ruth enium in t h e sample was determined by 

dividing t h e weight of the metal obtained by the weight of t h e 

sample and mul tip l y ing by one hundred,the rub idium ch lori e similar­

ly,and t h e ch lorine (with ruthenium) by multiplying t h e we ight of 

silver chl oride by t h e g r avimetric factoraand on e h undred and divid-



ing by t h e weight of t h e sample. The results are g iven below for all 

t he salts analy zed . 



Calculations: 

Unknown numuer 1 

wt.of wat~h glass----- - - ---- - --- 4.8598 
" .. +Sample A -----6.2994 

Sample A --- - -1 .4396 

Wt.wa tch glass-------- ---- ----- - 4.8598 
" " + Samle B ----- - - -- 6.7120 

Sample B -------- 1.8522 

Wt.boat A+ Ru in sample A--- - -- 4. 1U14 
Wt.coat A ------ - ------------ ----44.0976 

Ru in sample A------ u.uu3e 

Wt.coat B +Ru in sa~ple B ----- - 3.568 f 
Wt.buat B -- - -------- - - -------- - j.562U 

Ru 1n sample B - - - - - - u.0061 

A. .0038 X 10U 
. 1: 4396 

% = .264 % Ru 

B. .0061 X ,ou % = -~291 % Ru 
1. 8522 

Unknowm number L 

wt.watcn glass----- - - ----------- 9.0475 
It " II + Sample A------ 9.9u92 

Sample A---- 0 .8617 

Wt.watcn glass---------- - ------- 9.u475 
" .. + Sam~le B ------- 10. 1412 · 

wt.ooat A .. II 

sample B-- --- 1.2y;7 

---------------- - ------ 4.3225 
+ Ru C1 3 A.------------ 4.,284 

RuC1 3 1n A. O.uo59 

Wt.boa t B --- - --------- - -- - - - -----4.~8~4 
" " u + RuC1 3 B ----- - -- - - - - - - 4. 1-1-0;7 

RuC1 3 in B -- u.0203 

Wt. ooa.t A + Ru 

Ru ln A 

4.~239 
4.~225 
O.OU14 



Unknown numoer 2 cont•d. 

Wt. Doat B + Ru 

Ru 1n B 

A. U.UU14 X 1uo = • 1625 % Ru in s -=:1.mpla 
0. 8617 

B. o.utuo X 1uo = .7745 % Ru 1n sample 
1. ~937 

Wt. or Pt orucible --------------15.1U~5 
11 

'* 1-• " + Ag Cl A - - - - 15 • 13 3 5 
AgCl in sample A?;- 0.0~10 

wt,or Pt.eruclola --------------
" It .. + AgCl 1n B 

AgCl 1n sample B --

1s.,,~5 
t9-1756 
u.0421 

Cl ~ 4 = •'-474 gns.Cl in RuC1 3 
AgCl -~ 

A 

B 

.007675 x 100 = no.cneuK in % Cl a.ue to a.osorbed chlorine in 

.0059 H2 S04 usect. in pur1I'y1ng nya.rogen • 

• U421 X .2474 X 100 = 50 8 11 % Cl in RuC1 3 1n sample B. 
0.0203 

Unknown numuar 3 

Wt.of sample A .5494 Wt.01 ooa.t A 

Wt ot sa.mpla B .9717 Wt.or ooa.t B 

\Vt. 01 cruciola A. 8.6630 Wt.or Pt. cruel ole 

Wt.or Cruel ola B 8.8?76 Wt.or Pt.cruc1ole 

Wt. cruel ola A+ stannic oxide 8.9718 
8.6630 

Stannic oxide A 0.3088 

Wt.crucible B + stannic oxide 9.2774 
8.8276 

Stannic oxide~ a.,..,49B 

0.308'8 X 100 
.5494 = .3092 % Sn02 in sample A 

4.~225 

4.Q(j4j 

A 15.1969 

B 15.1515 



0.4498 x 100 = 45.91 % Sn02 in sample B 
.§717 

wt.ooat A+ ftu 4.;242 
4.;225 

Wt.Ru A 0.0017 

Wt.Boat B + Ru 4.08774 
4.0843 

Wt.Ru B 0.00344 

0 .0017 x 100 = 0.3092 % Ru 1n sample A 
.5494 

o.o0;44 x 100 = 0.3640 % Ru 1n sample B 
.9717 

wt.Pt.cruc1ole + AgCl A. 15. 2072 
15-1969 
0.0103 Wt.AgCl A 

wt.Pt.cruc1ole + AgCl B 

Wt.AgCl B 

15.1969 
15.1515 
0. 0454 

. 0 1U3 X .247~8 X 100 
• 5494·· 

.0454 x .24738 x 1uu 
.9717 

Unknown number 4 

Wt. ot" Doat A 
" " " A+ sample 

Sample A 

Wt.o r' Doat A + Ru 

Ru in sample A 

Wt.or ·ooat B .. " h B + sample 
Sample B 

wt.or boat! + Ru 

Ru ln sample B 

= .4625 % Cl ln sample A (witn Ru) 

= .1154 % Cl i n sample B (wi~h Ru) 

4.36§0 
4-5~48 
o. 1698 

4. -4179 
)4-. ;650 
0.0529 

4. ; a:,o 
4.4467 
0. )'237 

4.~620 
4. 3230 
0 . 0390 



U kno~n numbe 4 (cont1 ued) . 

• 529 X 00 = , . (j Ru lb.n A. 
• 1698 

• 2. X 1 0 = 3 i . 53 . , 37 

Wt . 01 t. cru le 
t.o · t . c uc i ole n 

· t.or Pt . cruclole 

I .I. u in 

l 

Wt . of Pt . cruc1 ·b1e and AgCl B 

• 

15 - 5167 
15 - 96-:SO 
0 .4463 

.4463 x . 24739 x 100 = 89.2 1 ~ Cl in B 
.1 237 

.9864 . 24739 X 100 = 140 . U ~ Cl i n A 

At tnis point chlorine was found t o be comi ng f rom t he sul furic 

acid . 

Vt . or boa t 
t . of boa t and sample C 

1"1a l e C 

t. ot· boat and u 1~ C 4. 4548 
4 . 36~ 

u i n C . 09 

= 29 0 u i c. 

t.of Pt . cruc l e a AgCl 

AgCl C 

9 

16 . 885 
16 . 153 1 

. 73 19 

= 58 . 6 ~ Cl in • 



D t r m nation or Concentr tion or Rutheniur in tne Solution. 

(2 c . evaporated to drynes in oo t and th9n r uc a 1th 

hydrog n ah tie) 

t . or boat and Ru A 4 . 33-:s7 
4. 3225 

Grams or Ru in 2 cc. • 112 
Gr ams or Ru in 1 cc A . 056 

t.o ·bot and Ru 4 . 3754 
4 • . 645 

Grams or ~u in 2 cc •• u1u9 
rams o _. u n c B • J 545 

Wt .of boat and Ru C 4 . 313 
4.32 ·5 

,.x r, s of _ u 1 n 2 c c • • u 1 1-4 
Grams or Ru in 1 cc C . - 57 

t . of Pt.crucible & AgCl A 

AgCl A 

Wt . of Pt. cr ucible & AgCl B 

15 . 291 4 
15. 2577 

. 0337 

15 -2577 

. 0337 X .24T~8 = . u 414 G 
2 Cl /cc . 

s. 

15 - ~176 . 04 1 X . 24738 == . 00493 Gms . 
. 4 1 Cl/cc . 

Calculat ions ror tne a ount orRbCl to be added to the on amount 
of Ru to conver t it into Rb2 RuC1 6 0H .1 75 cc . oI solution. 

175 cc. x . uo555 = . 971 gms . or Ru 

RbCl = X = _. 299 gms . or RbCl to be aadea . 
Ru . 971 

~or a second solution of 19 cc . containing . U867 ms .Ru/cc . 

x . 0867 x 241.8 = 3 . 923 gms . RbCl to be added to convert 
1U 1. 7 

t e Ru into the Rubidium pentachloro 

hydroxy rutn nate . 



nalysis of aqup s al t 

Lot one (sam le ) 

eight of boat A -- - --- - ------------------- - -----4 . 3222 

We i gh t of boat A and s alt---- - ----------- --- -- - -- - 4 . 5876 

~eight of salt --------------------------------- - - . 2754 

t . of boa t , Rb el,and Ru(after H reducing) ---- - - - ---4 . 5222 

eight of oa t-------- - - - -- --- - ------ - - - ---- - -----4 . 3222 

eight of RbCl and Ru---- - - --- - -- - ---- - --- - ----- - - . 2000 

We i ght of bo a t and Ru-----------------------------4 . 3799 

e i ght of boat----- - ----------- - ---- - -- -- ---- -- - -4 . 3 222 

Weight of Ku------------ ------- - -------------- - - - . 0577 

Weight of Pt crucible----------------- - - -- - - ------±7 . 1509 

·~ e i ght of Pt crucible and ~gCl ---------- - -------- - ~7 . 4194 
0 

eight of gCl----- - --------- ---------- - ------- - - - - . 2 ·s 5 

Wt of ·cru c~b le A ------------ - ---- - ------ - --- - ---- l l . b764 

eight of crucible A and RbCl------------- - -------11 . 7159 

Vi eight of RbCl---- ---- ------- - ---------------- - --- . 1395 

. 0 57 7 

. 275 
X 100 - ----------- - 20 . 95 % of Ru 

. 1395 x l vu -- - - - ---- - - - -50 . 65 % 

. 27 54 

. 2685 x 100 ~ - . 24738 - ---- 24 . 12 % Gl 

. 2754 

• 

RbCl 

20 . 95 

~~ = ~~ 
95 . 72 

100 . 00 
95 . 72 

4 . 28 % water 



Lot one ( Sample B) 

We i gh t of boat B ----------------------- - --- - -----4 . 0818 

e i gh t . of boat B a n d s amp le---------------------- 4 .39 02 

e i ght of s ample --------------------------------- . 3144 

' 1e i gh t of boat B , Rb Cl an d Ru --------------------4 . 3011 

Weight of boat H ---------------------------------4 .0818 

Weigh t of RbCl and Ru------------------ ----------- . 21 93 

We i gh t of boat a n d Ru-------------------- -------4 .1508 . 

· eight of boat ---------- - ------------------------4 . 08 18 

e i gh t of u ------------------------------------- . 0690 

~eigh t of Pt crucible ----------------- -----------17.4194 

W i gh t of Pt cru cible and Ag Cl--------------------17 .7024 

Ve i g h t of Ag Cl ------------------------------------ .2830 

eight of crucible B -----------------------------11 . 29 1 

1 e i ght of crucible Band RbQl---------------------11 . 4307 

We i gh t of RbCl------------------------------------ . 1346 

. 0690 
. 3144 

. 1346 

. 3 1 44 

X 100 ------------------- 21 . 95 % U 22 .27 
21 . 95 
42 . 81 
87 . 03 

x 100 -------------------- --42 . 81 % bCl 

. 2850 

. 3144 x 100 - x ~£4738-~----------- 22 . 27 % Cl 

100 . 00 
87 .03 
12 . 97 % 

a ter 



Lot t wo ( ~ampl e A) 

1 eig h t of boot A ------------- - -------------------4 . 3221 

1/i eight of boat and samp l e ----------------------4 . 5984 

eight of samp l°e --------------------------------- . 27 63 

V eight of boat , Rb Cl and Ru---------- - -----------4 . 5163 

i1 eigh t of boat A ---------------------------------4 . 3 2 21 

, eigh t of RbCl and Ru --~---------------~--------- . 1942 

eigh t of boat a n d Ru --~----- - -------------------4. 3802 

v e i ght of boat -----------------------------------4 .3221 

e i ght of Ru-------------------------------------- .0581 

1e i gh t of Pt cruc ible -----------------------~-- - 17 . 7024 

We i ght of Pt cru ~ible and . gCl--------------------18 . 0213 

Weigh t of AgCl------------------------------------- . 3 189 

't ·e i gh t of crucible--------------------------- -----11 . 57 6 6 

, e i ght of cr u c ible an d RbCl--------- - -------------11 . 7128 

eight of Rb ~l -------------- - --------------------- . 1362 

.0581 

. 27 63 

. 1362 

. 27 b3 

X 100 ------------------- 21 . 03 % Ru 

x 100 ----------------------- 4 9 . 29 % mb Cl 

21. 03 
28 . 53 
49 . 29 
98 . 8 5 

. 3 18 9 

. 2763 
X l uO -x- ~247-38 ------ ----- 28 . 53 % 81 100 . 00 

·e . 85 . 
1.15 % 

a t e r 



Lot t wo ( Samp le B) 

' eight of ooat B ---------------------------------4 . 08 01 

Veight of boat ~ and s ample ----------------------4 .1818 

~eight of samp le- - -------------------------- - ----- . 1017 

· eight of boat B, Rbel and Ru---------------------- 4 . 1522 

eigh t of boat B ------------------------- --------4 . 0801 

eign t of Rb Gl and Hu---------------------------- . 0721 

e i gh t of boat B a n d Ru------------------- --------4 . 1021 

Ve i t of boat -------------- ------ -- ~- - - · --4 . 0801 

We i ght of Ru --- ------- ----- - --- - - . 0220 

- e ight of Pt c~u c ible ---- -- --- - --------- - - --- -18 . 0213 

eigh t of Pt cru cible and gCl-- ------------------18 . 1441 

_ eigh t of -g Cl-- ---- ------ - ----- - --- -- - --------- - . 1227 

eight of crucible ------------- -------------- --11 . 2953 

We i gh t of crucible a nd Rb Cl ----- - - - --- ------- -11 . 3371 

1 Veigh t of Rbel----- ----- - - ------------------------ . 0418 

. 0220 

. 1017 

. 04 18 

. 10 17 

. 1 227 

. 1017 

X 

X 

X 

100 ------- ---- - -- --- - - 21 . 42 % Ru 

10 0 w--- ----------------40 . 70 ~ b Cl 

100 - x ·- ~24738---------- 29 . 55 % Gl 

29 . 55 
40 . 70 
21 . 42 
91 . 67 

100 . 00 
91. 67 

8 . 33 % 
ater 



Lot three ( • · mple ) 

-eight of boa t A-- - ------ -- -- - --- -- -- -- -- --- ---4 . 3221 

veigh t of boat and samp le------ --- -------- -- ---4. 4065 

\ e i gh t of samp l e------------ ------------------- - - . 0844 

eight of boat , RbCl an d Ru --- - - -------- --------4 . 3814 

We i~h t of boat A------------------ - ------------4 . 3 221 

eight of Rb Cl and Ru---------------- - -- - --- - ----- .9593 

Weigh t of boat and Ru---- - -------- ------ - -- ----4 . 3416 

veight of boat A---------------- ----------------4 . 3221 

Veight of Ru --------- - -- ---------- -- ------ --- - . 0195 

~ight of p t cruvible - - ---- ---------- ------ - --- 18 . 1440 

~eight of t crucible and g Cl--------------------18 . 2398 

·eight of ~g~l---- --------- - --------------------- . 0958 

eight of crucible -------- ----------------------11 . 5759 

e i ght of crucible and bCl---------------- ----11 . 61 1 

eight of Rbel------ - - - --------- - - ---- ------ . 0412 

. 0195 X 

. 0844 _ 

. 0412 

. 0844 
X 

. 0958 X 

. 0844 

l DO ---------------- ---- 23 . 10 t u 

100 ---- - ------------ -- 48 . 82 % bCl 

100 X . 247 38 ---- ----- 28 .73 % Cl 

These results add over 100% not allowing fo r water 



Lo t three ( Samp le B) 

eight of boat B - - ----------------------------- --4 . 0802 

' ei~t of boat Band samp le---------------------- 4 . 1647 

veight of s amp le --------------------- ----------- . 0845 

eigh t of 

Weight of 

Weigh t of 

eight of 

Weight of 

boa t 

boat 

Rbel 

boat 

boat 

~ , RbCl and Ru ------------------- --4 . 1373 

B ---------------------------------4 . 0802 

and Ru ------- --------- --- - --- ----- . 0571 

and Ru- - ---------------------------4 . 0993 

--------------- - -- - ---------- - ---4 . 0802 

We i ght of ~u ------------------------ ------------- . 0191 

1 -eight of Pt cruci ble ------------- - --------------18 . 2398 

··eight of Pt crucible and Ag ·1--------------------±8 . 3351 

Veight of Agel-- - -------------------- -------- ---- . 0953 

-·eigh t of crucible- -- - - - ------- ----------- -- ------ 11. 29~1 

veight of cr u cible and RbCl ----------------------~11 . 3346 

Weight of Rb Cl-----------------------------------

. 0191 

. 0845 

. OB95 

. 0845 

. 0953 

. 0845 

X 

X 

X 

100 ----------------------22 . 60 % u 

100 -------------- - ------ 46 .75 % RbCl 

100 x . 24738 -------------27 . 90 % Cl 

. 0395 

27 . 90 
46 .75 
22 . 60 
97 . 25 

100 . 00 
97 . 25 

2 . 75 % 
water 



-

no . - - --2 b Cl ~Ru--- -Ru-----RbCl ----Rh Cl Ru --Cl ---- - Hu , b 61 , Gl H20 

A1 . 2000 . 0577 . 1395 . 1972 . 0664 2 . 2 b3 2 . 0118 
72 . 6 2 20 . 95 50 . 5 71 . 61 24 . 12 95 . 72 4 . 285 

A2 . 2193 . 0 690 . 1346 . 2036 . 07001 . 2736 . 0408 
69 . 75 21 . <J 5 42 . ffil 64 . 7 6 ~~ 2 . 27 87 . 02 12 . 98 

B1 . 1942 . 0581 . 13 ·2 . l fil43 . 07888 . 2732 . 0031 
70 . 29 21 . 03 49 . 29 70 . 32 28 . 53 98 . 88 1 . 148 

B2 .~ . 0721 . 0220 . 0418 . 0638 . 03035 . 0942 . 0075 
( 7 0 . 21 21 . 42 40 . 70 62 .12 29 . 55 91 . 72 7 . 303 

C1 . 0 593 . 0 195 . 0412 . 0607 . 0237 . 0844 . 0000 
70 . 26 23 . 10 48 . 8 2 71 . ~2 28 . 73 100 0000 

C2 . 057 1 . 0 19 1 .0395 . 0586 . 0 23 57 . 0822 . 00 23 
67 . 57 22 . 60 46 . 75 "9 . 3 5 27 . 90 97 . 28 2 . 722 



Calculat · on of the molecuaar wei~ht of the los s i n the analy­

si s of the rubid ium aquo s a lt of rutheniUUJ- . 

1) 

2 ) 

3) 

4) 

5) 

343.5 X .0118 --- - ------------20 . 28 
.2000 

343.5 X . 0408 ----------- - ---64 . 09 
.2193 

343.5 X . 0031 
.1942 --- ------------- 5i 85 

343 .5 X . 0075 
.07421 

343 . 5 X .0023 
.0571 

13.86 




