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curves ; (also, i f necessary, same curves 
co:r-r -, cted f or HCl); (curves in all cases 
to be based on ratio of u04 to HCl mole
cules). 

~imilar work with solution or Os04 ' in water, 
aga i nst HCl. 

Conclus ions from experimenta l work. 
1 liogra phy. 



An Attempt to Investigate the Reduc t ion of Ruthenium 

Tetro xi de b;r Potentiometri c Methods. 

by 

Frank H. Brady 

I 

This thesis is submitted to the Department 

of Chemistry of Washington and. Lee University 

in partial fulfillment of the requirements £'or 

the degree of Bachelor of Science i n Chemistry. 



I 

The author takes this opportunity t• express his gratitude 

to Dr. Howe and Dr. Desha of Washington and Lee University, 

whose opinions, advice, and criticisms, kindly and freely given, 

have been of the greatest service to him. 



I 

Introduction 



Attem t to I vesti ate the Red uction of thenium 

r xid b otenti omet ric ethods. 

uctio. : The silver gr ey metal, which is the a rest o · 

t e l atinum rou , was discove r ed i n 1845 by aua , who named it 

rut e u ,,hie i the o l d name of ma l Russia. R thenium i 

found int e l atinum ores of the Ur a .ountains, i n o neo, and 

in re on i r are inera known as l aue rite Uz 3 • I n l 6 it 

\"a fo d i c l estrial od ies . he melti point. is 240 °c . he 

ec ific eat a determined by unsen is • 595. 

ut enium combine wi t all four of the ha oge s. f all the 

I 
co unds of rut enium that we knll>w, t he most int.e r esting in the 

tet oxid , w i c a ears a yellow c ystala or dark r ed iqu d o 

c otals . L uch oft e data in the litera"t.ure of t.his rticular 

co~ ound sees contradictor . e solubi ity of ruthenium tetra · de 

i w te dete r mined b emy is 2 .5 g ams to a lie at 2 ° . , 

e solu ility curve curve shows ssh bena downwa. d at 25° • , 

vihich corres or.ds to the me ting oint of Ru 4 , the downwa rd bend 

co,1t i e s to 54° • whe r e t.he curve i s reversed. I t i s gene r al l y 

conceded t at at room tern erat re · t ·s metastab e b tat high 

te.n er t es it is the stab le com ound. t will not change a t. oom 

tem er t u e if it is rotected from lignt a.no moisture. he e 

seems to e s i ht difference o op nion of the of 

in o utio d t e t·o ence eux them u . hram 

e l 



' ' 1 wit iberation of oxygen, espec·a 1 J. 

in soluti . , eis r ' ' t d i so 1 v · a s o 1 lJ-1 in wa er g g 

so ut io1 t t is fairl st3ble, ov ded some re chlorine o 

I 1 2 • raus ~ u lished his artic e u on ruthenium 

t OU ,t t tte tion hat there ma e two kinda of 

u 4 • ai , ' ' Gontr dicto s tam nts in the iterature are 

ue to t e istance f u 4 in two modific~tions: 

C 

' 4 . so l ubl • 

int e we ll known ye 01 need es, m. 

e other is more stab e , brown gr anular 

C 

t 

m. • 27° : , ho a dou le ref7action and is ess soluble. 

t 4 ,O • it sse into a yel ow v o wh'ch condenses in the 

el 0 form . m ter chan es in o the brown ·o m when h ated 

bove i melting oirrt. ! ' ra ad "d some work u on the condu t · 

ut got resu ts v;hich di d not a ree amon thems e ves. In anothe 

rt of r u ' s rticle this statement a found ,' ' The henium 

tro can be dried with fi ter a er!' 

l'.d rin s UG bach to laus's work on u 4 • e a re ami 

it t e t at u 4 wi 1 burn f'ilte pa e r wi th a flam 

l co o wil cause an ex l sion if no alkal a i i s 

nt . tit in laus : s ex eriaJen s with the etro i de , 11e come 

it 

iar 

cro the e statemerrt.s : '' f one ou a a li tle water on · t u 4 
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i a test ube nd ten di it into hot water, i:.he acid mel s to 

la ge li uid dro s and for ms crystals when di ed in o cold ,, t r ; 

t es e dried com letel between fi t.er ape rs. s long 

as s ome mo isture is esent uhe a r will be b l ackened , howe ve 

v, en the a c id ha become c om etely d ry, we can rub it with fi.l ter 

er a lo as i'/ wi sh, the acid neithe b l ackening it or changing 

its y ellov color ~ but if we breathe u on ·t, it w 11 blacken the 

er t rou ' reduction and is r educed t o t he black ses q ·ox·c1e~ ' 

n mica l ro erties rutheni um tetrox·ae is similiar to 

o ..:1 ium tetroxi e althou h i t is not as s t able as t.h e latter. lai:. imum 

metal do not form the tetroxide wi h the1 exception of thes e t wo. 

e rem r ka. le t i n i , the volatility o these oxiue o far no one 

as been ab e to detect the r escence of an ac id whe n either ruthenium 

or o ium tetroxide a re dissolved in ·ate r . he theory sugge sted by 

; erner is that oxygen is co- ordinated t o the central atom w · h s e ems 

1 u bl e . h xi mum co-ordinat i or. number •is f'o r a a can b shown 

i t e oxi es of e lements of oi ·e ent va ency , 1·or e a:np e, in the 

0 cids l 4 , 2 ·, 4 , s 4 , ut if s it.he r s 4 or Ru 4 were to 

ct a an i d nh;ydrid t e 1naximum co-orctination numbe ,ould have 

t e xc ed d iv · ua 6 and 2 a 6 • her e a e o ac ids in 

whic t his ma ximum umbe r i s exceeded a.a in the per iodates o · 'he 

formula . 6 6 • 



1a hinted revioual the r e are no known sa ts of =Ru06 ion, 

ut · e do know alts of the erruthenatea , tha.s s aalts of the 

othetic lo . acid anhydride otasaiu:n perr uthenate wa 

first re are vil l e an · ebray . hey obtained ·t by pas s ing a 

c urr t of c l orin into a ~ode ately a kaline solution of 2 Ru 4 , 

the ora e red so ution changing to a cteep g sen. he gr een crys t als 

:rare filtered off but they were contaminated wi t h some r 1. he 

thod of a ray nd ·J o ly 6 is bett er as it giV€S pure crystals. i:t't 

r m of u04 ., me l ted und er water , is s ow y added to sixty gr ms 

~ .. in 25) c . c . of wat er at {JJ0 • gen i s g iven o f and the so ution 

beco ·es reen; crysta a form u on the wal"ls 01' the vessel. he g een 

crystals of u04 ar e dried in vac uum . 4'+ 0 c. they decompose 

off ox gen . It i s als o T u 4 which is obtainea \·1hen finely 

a ivided ru.,henium is a tt acked by a mixtu e of 

c uci l e . 

and ' 3 in a silve r 

Anal sis of otassium erruthenate 

0 oaitio calcul ated observed 
b1 a 1 be 

Uz 49 . 61 5 • 5 50 . 5 

7 112 . 27 .4 ?? 

2 94 . 22 . 99 22 . 44 ~ . 9b ~2- ,?6 

a - ebr evil e b- De bray and J ly 

1- btained action of 2 on 4 

2 - bt ine b actio of on u04 

age 4 



he act i on of chl orine on 2 u 4 ma be r e resen ed thi.:s: 

2 . 2 u 4 

he cti 

0 2 = + 'Ru 4 • 

on u04 ma be re r esented by 

e for mation of the e rr t hena ea i s an ac t ion in which t h r uthe um 

go a fr o val enc e of VII o VII. t or dina e:n e ratur es Ru 4 

forms t e e rr uthe tes •hich is met.aatab e and gives oft oxy 0 en to 

for t e rut er.ate in whi ch r uthenium has a ence of VI, for exam l e, 

4 Ru 4 .. , 
2 + 2 

1 us s in 844 re a r ed two ch or idas with po' aasium and ga e 

t em t for l and 2 16 • Jo 7 showed t hat ,:,he s u posed 

ni tro o salt wit.h tne i'or.nula 2 UC l 6 1: . Re 1~ · s art in 

wit I at he thou ht was 2 R ... l reduced i t two urd,:,s with t.he use o · 

sodium anal ra~ . ' he r efore Remy c oncluded that he had ni lent 

r ut enium in th b ue so ut ion . Kr a s9 s tudied the a ion of EC l on 

d uain .. found that the ruthenium was red ced i". e un · ta . 

I t reJJain d 1·or v arronnat 1 to ex lain the esu ts ·t.hou h his work 

'I nt cce tad at fiat . ~e sugs s ,=,d tnat the true 1·or:Ju :for he 

ntoc loro s a t is 2 uO 6 0 l1 because of the liber ation or iod ne 

fr0m I. Gall and Lenmani 1 st d'ed the reaction 'lith LI vi th a iew 

o UDin · ·t "lalytica ~•. _ hey cam to the cone- us· on i:;h.at an 

uili rium is sto.b lished 

R uv 13 + .J. = R Uv 2 .,. nC + I 
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_.,_owe 2 found in his ex e rLaenta work. us inz at<>nnou,, chlori e as 

a reduci1 ~get that u in K2 R and K2 RtC 6 were each ed ced 

oYie unit . ::i ince the '' a uo'' salt was r-o .:aed in e ch case, he came 

to t a cO!lc :ii ..,n t t the va ence of 1=tu b K 0 is a ways our. 

I 



Osmium 

The moat outstanding; property 0£' o criiium is its ability to 

form the tetroxide, and lts chemical behaivor i s aimiliar to 

ruthenium t etroxide . This oxide may be for~ed when eoluti::>ns of 

oenium arc treat ed with oxi diz ing reage~ts, or when solutions 

containing compo·.1.-ide of osmium decompose under certain conditions . 

J t is al so p:!.·oa.uced when osmium is heated in an atmoaphere of air 

::,r oxygen , and even at room temperature if an osmium sponge ie 

allowed to remain in contact with e.ir. " It ha.a been said that 

the chemistry of osmium revolves about this oxide, since any 

work with this element is almost certain to involve at some stage 

the formation of the tetroxide ~ ( Gilcµrist) 

The ready formation of the tetroxide is made use of in 

separating osmium from other platinum met als. The melting point 

of the tetroxide is 40° o. Von -.Vnrt enberg(15) found that it is 

stable up to 15~ 0 0. Ruff (16) studied the vapor pressure at 

different temperatures with t he following resul ts: 

•remperature O o. 95 125 

Pressure mm. Hg 182 779 

Osmium tetroxide is in the form of colorless transparent crystal s 

a t t<imperatures below its melting point. Ephram (17) eaye that 

the solubility of osmium tetroxide in water is 65 grams to each 

() 

1,00\> gramo of water at 20 c., but using carbon biaulphide the 

- solubility is 2 , 500 grams t o ,~ grams of carbon bieulphide. 

He tells that because of this ebnormal solubility it is aot an 

electrolyte. 

page 7 



The aqueous solution will not redden lit rnuo. It ia difficl1l t 

to see why a higher oxide ehould not have acidic properties 

when the lowe1· oxide of the same metal, OeO}, has this tendency. 

Oemium is very intereeting because it posseeeee remarkable 

catalytic properties. At the temperature of 4c c. it will cauee 

hydrogen peroxide to break up into water and oxygen with explosive 

violence. It will catalysize th 9 aynthesia of ammonia at a preeeure 

8 - 0 0 of 1b5 at~ospheree and a temperature range of bO c. - 1,COO c. 

It was also found that it could be ueed. ae a catalyst in the 

oxidation of certain organic compounds. 

Osmium is a blue grey metal but when it is in the form of a 

!)OWder it is blue black. It has the hi hea~ melting point of 

tte platinuu :13-etale and it changes into the liquid at 2500°c. It 

has the greatest specific gravity of any element and it ie 22.5. 

Crowell and Kirschman (1,) showed that octovale11t Q&Hium 

may be determined with an accuracy of 0,2% by direct potentiouat ric 

titr ation with hydrazine sulphate. Crowell (14) described potenti

ooetric methods for the determi nation of bromine in hydrobromic 

acid solutions of octovalent and qua~rivaJ.ent osmium. The reagent 

uaed ia hydrazine sulphate. The accuracy obtained by this method 

is about o.2t. Since the accuracy of potentiometri c ti tratione 

\'fith respect to osmium com >otmda is known, an att empt ie made 

to apply t.he potentiometer to ruthenium tetroxide and oeinium 

tetroxide using Hen e.s the reducin6 reagent. 

page 8 
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Experimental Work 

.t"repan.tion and Analysis of Solutions 
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The action of chlorine on alkaline sodium ruthena.t e solutions 

gave r uthenium tetroxide. The ruthenium tetroxide solutions were 

prepared by washing the tetroxide ·with distilled water to f re e 

it of' traces of chlorine. In analyzing the solutions ten r.11. 

samples were added to smal l beakers containing some HCl. •rhe non

volatile chloride formed was evaporated in previously weighed 

silica boats. Placing the silica boats containing the dry ruthenium 

chloride in a reducing furnace a stream of' hydrogen reduced it to 

1J1etallic ruthenium. 

An att empt was l!lade to comf'irro. Remy ' a work on the eolubi lity 

of ruthenium tetroxide in water. He determined the solubility by 

observing the density of the sature.ted1 solution. The method · 

attempted, was to detorni!le the exact amount of ruthenium in 

the saturated solution by weighing the metallic ruthenium which 

could be obtained from a definite amount of solution. The presence · 

of organic acids preoent in the air interfered seriously with 

the evaporation of the ruthenium chloride in the silica boats. In 

the or~inary stock solutions the presence of organic vapor did 

not matt,er because the ruthenium chloride could be quickl;,r 

evaporated in the silica boats. In the saturated solution more 

mass of ruthenium chloride solution had to be evaporated and 

before it could be done enough carbon wae present to make the 

solution boil over with the steam. 

The osmittrA t~troxide solution was prepared by dieeol ving 

the osmium tetroxide in water. OemiWll tetroxide was furnished 

by J. T. Baker Co. 
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Experimental Work 

Pot entiometric Werk 
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A 

• • • =.~ ••• 
,f 

The Apparatus used to determine the electromotive force 

of the Ruthenium and Osmium tetraoxide solutions. 

B 
-r 

/ 

c:::J • 

• 

A- Edison storage cell (approximate , volte) 

B- Double pole, double t hrow knife switch 

o- Tenth normal calomel electrode 

s- Standard cell emf 1.01ij9 

G- Lees and Northrup galvameter 

P- L. and N. student potentiometer 

R1- Variable resistance (12,0 ohms) 

112- Variable resistance (50 Q~s) 

R,- fixed reeietance ( 1,000 ohms) 

Pt- platinum electrode 
page 12 
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In or d er t o have so !lO experience with potentiometric work 

it was necessary to carry out titrati one with eubetancee whose 

titrations curves are known . The preliminary experiments 

consisted in titrating tenth normal solut i ons of potassiur1 

dichromate and potassium permanganate with Mohr's ealt solutions. 

The f ollowing procedures . were used. Twenty cubic centimeters 

of 0.1 normal potassium dichror:ia.te and an equal amount of dilute 

sulphuric acid were placed in the beaker in which the titratione 

were made. The volume was made equal to 100 cubic centimeters by 

the addition of disti ll ed water. The Mohr' e salt solution w&.e 

~itrated from a burette into the solution containing the chromate 
I 

salt. Twenty cubi c centL::ieters of 0 .1 normal potassium 

permanganate was placed in the beaker and an equal amount of 6 

normal sulphuric acid added. The volume of' the solution was made 

equal to 100 cubic centimatera by the addition of 60 cubic 

centimeters of distil l ed water. Li k e in the preceding experimente 

the Mohr's salt solution wae titrated into the perman~anat e 

solution fro~ a burette. 

page 13 



Sll!ill!lary of the Potaeeium Dichromate - Mohr 1 e Salt Ti~ratione. 

When a solution of' Mohr's ealt is titrated into an acid eolu-

tion of potassi~~ dichromate, t he voltage riees steadily but gradually. 

It begins to fall e~owly after about 4/ 5 of' the amount for 

compl ete reduction ia added. At the point of equivalence there 

is a eharp drop in potential. The sharp drop in potential occurred 

ae followe: 

A B C 

vol tage ml. vol tage ml. vol t age ml. 

0.7727 n .39 0 ~7600 22 .79 0.7600 2~.81 
I 

o.2~'.2 1 ~2 .80 o.44:27 22.0, o.4175 ?,.co 

0. 2506 o.41 o,;;143 0 . 23 0.34?5 0.19 
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20 c.c. pf 6 N sulphuric acid 

60 c.c. of water 

I II 

Table A 

III 

e.m.f. c.c. Mohr's salt e.m.f. e.c. e.m.f. c.c. 

0.7190 o.o 
0.7-,76 5,0, 
0.7645 8.02 
o. 7812 10.0, 
0.7950 12.02 
o.stoa 14.o 
o.s,oo 16.01 
.o.s,49 18.o 
0.8165 20.02 
0.7746 22.01 
0.7727 22.,9 

- /0.5221 22.80~ 
o.4,10 25.01 

0.7176 
0.7267 
0.1,16 
0.7582 
0.7714 
o.1s,o 
0.7905 
o.8086 
0.8145 
0.8160 
0.8102 
o.77or, 

➔0-7600 
- o.4457 0.,,,1 

page -15 

o.o 0 .. 7188 
2.o4 0.7274 
4.02 0.1,15 
6.01 0.7555 
8.02 o. 7698 

10.01 0.7600 
12.0 o.7s1, 
14.o 0 .. 802, 
15.98 o.a,,4 
,a.o 1 0.820, 
20 .. 01 0 .8162 
22.0 0.7702 
22 • 79~ o. 7600 
2-,.02 ➔o.4175 
25.0 o.,495 

o.o 
2,01 
4.02 
5.96 
8.01 
9 .. 95 

12 .01 
14.0} 
16.05 
18.01 
20.01 
22.01 
22.81+-
2,.o 
25.0 



( 

Titration of Potaeaiwn Di chromate solution with Mohr 1 !!• Salt solution 
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Summary of the Potaeeium Permanganate- Mohr's Salt Titratione. 

When an acid solut ion of potassium permanganate is titrated 

with Mohr's salt solution, the vol tage rieee, then falls a 

little, then remains practically constant unt il it reachee the 

poi nt of equilivalence. At t his point the drop in potential io 

more marked than that obtained with potassium dichromate. The 

sharp drop in potential oc curred ae follows: 

A B C 

voltage ml. voltage ml. voltage ml. 

0. 97:,1 2".}0 0.9:,49 n . 2 1 · 0.9655 "?. "0 
I 

.o.4305 ~2.41 o.4?93 '.?2 .4? o.44n 22 .50 - ---
0.5426 0.11 0.5056 0, 2 1 0.5:?4' o.,o 
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20 c.c. of K2Mn208 (.lK.) To.Jk B 

20 c.c. of dilute sulphuric acid 

60 c.c. of water 

I II III 
?ffvL..• ... ,...,u. ?11,A.,.;...-u-- "J?!rlvo! • ..-,.u.-

e.m.f. c.c.m:n e.m.f. c.c.He! e.m.f. c.c. Bal 

1.009, .o.o 1.0,,a o.o 1.0444 o.o 
1.o,e5 1.01 1.0605 1.0, 1 .05?2 0.97 
1.0582 2 .0 1.0622 2 .01 1.0716 1.98 
1.0692 ,.01 1.0644 2.98 1 .0720 ,.01 
1.01,1 4.o, 1.0660 4.01 1.0760 4.o, 
1.0746 5.01 1.0672 5.0 1 .0775 5.0, 
1 .o6 16 5 .96 1.0678 5, 5i9 1 .0177 5 .99 
T •055, 7.0 1.0672 7.0 1 .0749 6.98 

· 1.051.2 7.98 1.0652 8.0j 1.07~5 7.97 
1.0494 9.01 1 .0628 e.9a 1.0710 9 .0 
1.9475 9•99 1.0,88 . 9.99 1.0,,s ,1.02 
1.0455 11.0 1.0,70 11 .o, 1 .04.52 1,.0, 
t .o44o 11,99 1,0470 11.98 1.0'42 1,.0, 
t.0416 1,.02 1 .0455 ,,.09 1.0,18 16096 
1.0,98 14.o 1.04 O 14.02 1.029, 18.o8 
1.0,18 15 .02 1.o4Q5 15.01 1.0285 19.04 
1.0,58 15.99 1.0,,6 17. 0 1.0005 21.11 
1 .0,,2 t7o01 1,0242 19.99 009752 22 .10 
1.0,10 17.97 1.0017 21 .02 0.9655 22.20 
1.0282 19 .04 0.9765 22.0, o.4412 22 ,50 " 
1.0176 20.0, 0.9,49 2? .21 Oe5'55 25.01 
1.0018 21.0 ➔ o.429, 22.42{'-
o,9e,1 22.01 o.,400 24.95 
0.9796 22.12 
0. 9762 22.21 

➔0.91,, 
o.4,05 

22 . ,0~ 
22.41 
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The next experiments were to ascertain the effect of HCl 

and NaCl on the potential of distilled water. The HCl and NaCl 

were titrated into 50 cubic centimeters of water from a burette 

and the change in potential recorded. Afetr this HCl was 

titrated from a burette int o 25 cubic centimeters of water with 

25 ml . of NaCl so l uti on . 

Swnmary 

When 0.1 normal HCl is added to distilled water, there 

seems to be a sudden rise in potential as the HCl is added 

reaching its maximum at the point where the hydrogen ion 

concentration ia 0.004. When t his concent ration is exceeded the 

potential drops slowly until the hydrogen ion concentration is 

o.042. After this concentration is passed the potential becomes 

constant. The same phenomenon is observed when 0.1 normal NaCl 

ie added to dioti l led water. The maximum point ie reached when 

the eodium and chloride ions in the s olution are o.ooo4 molar. 

After this the potential becomes constant at 0,04. However if 

0.1 normal HCl is added to 50 ml. of 0.05 normal NaCl, there 

is a sudden rise of potential with each addition of HCl up to 

one ml . After this the potential a.eeumes a constant value. 
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50 c.c. of water and led O.Q995 N. HCl into it. 

I II 

e.m.f. c.c. HCl e.m.f c.c. HCl 

0.2590 o.o 0.2550 o.o 
o.4150 1.0 0.,690 o., 

➔ 0.4170 2.0 o.4010 1.0 
o.4160 ,.o o.4030 2 .0 
o.415, 4.05 o.4020 ,.o 
o.41,5 5.0 0.,990 4.o 
o.4090 6.o 0.,960 5.0 
o.4050 7.0 0.,910 6.05 
o.4010 8.0 o.,a55 7.0 
0.,960 9.0 o.,e,o 8 .0 
0.,890 ,o. 1 o.,a;,o 9.0 
o.,e50 11.0 o.,s10 10.1 
o.,a20 12. 1 o.,eoo 11.0 
0.,790 1,.0 0.,190 1.2 ,0 
0.,725 14.o 0.,785 15.0 
0.,120 15.1 0.,180 18.0 
0.,708 1a.o 0.,775 20.0 
0.,695 20.0 0.,11, 23. 1 
0.,695 22.0 0.,775 25.0 
0.,690 25.0 
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Sodium chloride added ·:to water T cJ/4 D, 

II 

e.m.f'. NaCl e.m.f. NaCl 

0,24o 5 drope 0.2200 1 drop 
o 2504 8 " 0.22,0 

' II --:> O .2560 10 " 0.2500 711 ~ 
0.2,,5 15 II 0,245() 10 11 

0.2,,0 18 " 0.2,,0 12 11 

0.2200 20 II O 2270 15 II 

0.2180 22 " 0.2260 25 1 

0.2170 25 II 0.2250 ,o II 

0,21 60 28 n 0,2200 2 c,c. 
0.2160 ,o " 0.2200 

' II 
0.2158 2 c.c. · 0.2220 4 n 
0.2157 ' 

n 0.22,0 5 • 
0 .2 150 4 II 0.2225 6 II 

0,2 140 ' " 0.2200 7 " 
0.2125 6 II 0.2197 8.1 c.c. 
0.2085 7 " 0.2170 10 c.c. 
0.2044 8 n 0.2020 12 II 

0 .1926 9 " O. t 99, 14 11 

0.190 10 n 0.1970 16" 
o. 1910 11 11 0.1942 20 II 

0.1890 12 II 0.1901 25 II 

0 , 1880 ,, " 
0, 1882 14" 
0.1872 15 II 

0, 1860 16 II 

o. 1850 18 • 
o. 1840 20 II 

o. ,a,o 25." 
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Table D 

0.0995 N. HCl titrated into 25 ml. of o.09t'i 9 K. NaCl and 

25 ml . of distilled water. 

I II 

e.m.f. ml. HCl e.m.f. ml. HCl 

0.2,ots o.v 0 .. 0604.> o.o 
0.292c o. lti o. 1150 1 dr9p o.,,,o 10 drops O . .; i 550 ' " 
o .. ,,,, 20 " o.1 9t;o 5 " 

0.2,uo 7 If 
0.,620 2.u 

o.?700 10 II 

0.,650 5 ,u 0.,150 15 " 
0.,690 5.0 

o.,450 20 11 
o.37uo 8 .1 
0,.,775 10.u o.,6(:)o 2 .u 
0.,705 12 .5 o •. HtO }·~ 
0,.HOO 15.05 0.,720 4,o 
o.}670 16 . 05 0.,1,0 7.0 

~ 0 , }660 ~c.c 0.,760 10,,u 
o.,66~ 21.0 0 .. ,69~ 12 .6 
0.,660 2,.0 o.}670: 14.2 
o .. ~660 ?.},~ o.,66~ 15.u 
O,;i66C 23.Li t.}660 20.0 
o .;660 2} .tl 0.3660 25•'-' 
0 .. ;>660 24,0 
0 ,;66~ 25.u 
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The following aeries of titrations have for their objective 

the reduction of ruthenium tetroxide with HCl ae the reducing 

agent. The reduc t ion was observed by the use of a potentiometer. 

The procedure followed in the five series of the ti trations was 

to titrate 0.0995 normal HCl into a beaker containing 10 ml. of 

ruthenium tetroxide solution and 40 ml. of distilled water. 

Sw:nmary 

Series I 

In this aeries of titratione there are no breaks in the 

curve because the concentration of the ruthenium tetroxide in 
I 

the solution was so small that it was impossible to get accurate 

differences in potentials. The curves seem to have the general 

shape of a parabola. The potential rises with increase in the 

concentration of the HCl. Its rise is steepest at those points 

where the concentration of HCl is the lowest. 

page J? 
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Methods of Analysis 

In analyzing a eolution of ruthenium tetroxide two ten ml. 

samples were added t o two smal l beakers containing some con

centrated HCl. The non-volatile ruthenium chloride formed were 

evaporated in two previ ously weighed silica boate. Placing the 

eilica boats containing the eolid ruthenium chloride in an 

electric reducing furnace a hydrogen stream reduced the rutheniu.~ 

chloride to metallic ruthenium at temperatures above ,00°0. The 

metallic ruthenium was weighed and the molarity of the solution 

calculated by proportion. The other solutions were analyzed by 

the same method with t he reeults shown in later pagee. 

Wgt. 

Wgt. 

Wgt. 

ten 

Table E 

I II 

of boat 7 .. 2761; 7. 164}5 

of boat Ru 7.~8948 7.17767 

of Ru in 0.01,}5 0.01,}2 

ml. 

The mean average weight i R o.o,,}} grams of ruthenium in ten ml. 

The molatity of the solution is 0.01,0 



10 c.c. 
.. 

of RuO solution 

50 c.c. of wat.er 

I.e.m. t. c.c. HCl II.e.m.f. c.c. HCl T a..J,-t._ E 

0.7748 o.o 0.7705 o.o 
o.e2,2 1,46 o.e,,e 1.0 
o.e,1, 2.98 0.8293 2.0 
0,8470 4.42 o.e,10 ,.o 
o.a,,e 6.02 o.84~7 4.o 
0.8590 8.0 0,8480 5.0 
0.8610 10.0 o.e,20 6.o 
0.8660 11.97 0.8547 7.0 

0.8580 7.95 
0 .8582 9.0 
0.8605 10.0 
0.86'2 11.0 
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Table F 

Two samples of ten c.c. ot ruthenium tetroxide stock solution. 

Wgt. of boat 

Wgt. of boat Ru. 

Wgt. of ruthenium 

in ten c.c. 

I 

7.164,2 

7.19244 

0.02792 

II 

7 .276-,1, 

7.,o,e1 

0.02746 

Mean average is 0,02768 grams of rutheni.um in ten c.c. 

Molarity of the solution is o.0?72. 

Summary of the second aeries. 
I 

The titration of a new solution of ruthenium tetroxide with 

HCl gave the same type of curve ae those obtained for the 

preceding seriee. There is a weak minimum in the curve at the point 

where there are equal number of HCl and ruthenium tetroxide 

molecules in the solution. It is not sharp enough for anyone to 

say with any degree of certainity that it is a real break. In order 

to find the effect of time on the potential readings, enough HCl 

was titrated into the solution to give about - sev~n molecules of 

HCl to one of ruthenium tetroxide. The curves show that time 

plays an important part in the potential. Since time had to be 

considered the potential readings of the following experiments 

were recorded only after a sufficent amount of time had alapsed 

for the potential to reach equilibrium. When the potential was 

plotted as a function of time the curve seemed to be a hyperbola. 

pe.ge }7 



10 c.c. of Ruo4 eolution T~ f 

40 c.c. of water 

I 

e.m.f. c.c. · HCl 

0.7850 o.o 
0.7960 0 , 1 
0.8040 o., 
0.81 _35 0.5 
0.8160 0.6 
0.8265 1.0 
o.eJ,o 1.46 
c.e, 90 2.0 
o.8450 2 .52 ~ 
0.8470 ,.o 
0.8500 ,., 
0.85}2 4 .o 
0.8570 4.5 
0.8590 5.0 
0.8610 6.0 
0.8655 7.02 
0,8680 8.0 
0.8698 9.0 
0.8720 10.0 
o.874o 11.0, 
0.8760 12 .o 
0.8768 ,,.02 
0.8780 14.o 
0.8792 15.0 
0,8802 16.c 
0.8810 17.0 
o.881} 1e.o 
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Table ... G-

e.m.f. time e.m.f. time 

Oo847 0 o.864, 0 
o.a,a ,o" 0.8690 ,o" 
o.a62 60"" 0.8740 60" 
00865 90" 0.8785 90" 
o.866 2' o.ae20 2• 
o.868 ,, o.884o ,, 
0.869, 41 o.aa,o 7' 
0.8700 5' 008860 101 

J0.8718 ,1: Oo8862 ,,, 
0.8722 0.8865 15• 
0,81,1 ,,, 
0.8740 15'-,0" 
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Series III Analysis Table H 

Two samples of ten c.c. of ruthenium tetroxide solution 

I II 

Wgt. of boat 7. 1646:5 7.27581 

Wgt. of boat i- Ru. 7.19410 7.30508 

Wgt. of ruthenium 0.02947 0.02927 

in ten c.c. 

Mean average is 0.029,7 grams of ruthenium in ten c.c. 

Molarity of the solution is 0.02888. 

Summary 
I 

In this eeriee a weak minil:lum is observed when there are 

equal numbers of' HCl and ruthenium tetroxide molecules in the 

solution. Thie indicates that a rapid change of electrons 

occur at this point . possibly due to the formation of a halide. 

In the first three series of titratione the changes observed 

at the point when the number of HCl and ruthenium tetroxide 

molecules are equal are as follows: 

Series I 

Series II 

Series III 

no minimum 

weak minimum 

weak minimum 

pa ge 4-2 

solution 0.01,0 M. 

solution 0,0272 M. 

solution o.02888 M, 



20 c.c. of Ruo4 solution 

T~ H 
20 c.c. of wat.er 

e.m.f. c.c. of HCl 
0.7710 o.o 
0.7810 0. 05 
0.7960 0.1 
0.8140 0 . 2 
0 .8190 0.2, 
0 8270 0.5 

. o .e,50 0.75 
o.s4,o 1.0 
o.8490 1.2, 
0 .8520 1.5 
0.8550 1.75 
0. 8560 .2 .o 
0, 3570 2.25 
0.85;,0 2 .5 
0.8620 ,.o 
0.8670 ,., 
0.8700 4.0 
0.8720 4.5 
0.8750 5.0 
0.8800 6,16 ~ 
0,8800 7.0 
0, 8810 7. 1 
o.aeoo 7•5 
0.8880 10.0 
0.8970 15.0 
0.9040 20.0 
0.9070 25 . 0 
0.9100 30.0 
0 . 9120 , 6.o 

p a.ge 43 



,93 

,91 

''l9 

·'t7 

. 7'1 

.77 

, 75 
I C. 2. 0 2- '1' 3Z.. 



Series IV Table J 

Two samples of ten c.c. of ruthenium. tetroxide solution. 

. 
Wgt. of boat 7.27610 

Wgt. of boat plus Ru. 7.,1170 

Wgt. of ruthenium in ten c.c. 0,9,,60 

II 

7.16455 

7.200,,_ 

0.0,580 

Mean average ie 0.0,570 grams ot ruthenium in ten c.c. 

Molarity of the solution is 0.0,506 

In curves I , II I , IV a eharp minimum can be recognized at 

the point where there are equal numbere of HCl and rutheniUill 

tetroxide molecules. Curve II shows a slight minimum. Thie 

leade to a discrepancy between this work and the previous work 

by McConnell[ 18) who found a maximum at the same point . Thie 

discrepancy seems to be caused by the fact that eome free 

chlorine must have been present in his ruthenium tetroxide solution. 

In curves VI and VII where chlorinated distilled water wae 

used instead of ordinary di stilled water, a maximum was obtained 

at the same point. Likewise the voltage agrees with his recorded 

pot entials and the curves obtained are similiar to his. 



10 C•C• of Ru04 solution 

40 c.c. of water T ~--€, - j -I o.,,,,J j-II 

I II 

e.m.t. c.o. HOl e.m.f. C•C• HOl 
0,61j50 o.o 0.7995 o.o 
o. 7020 1 drop o.i,120 o. 1 
0.7450 ~ " u.e220 0.24 
0.7650 5 n o.ts,cso o.4 
o.7csoo 0.5 o.ts4,o 0,6 
O. 7'.11U o. 7 Otti450 o.s 
0.79~5 1.0 0&8450 1,0 
o.cju,o 1. }(S o.ti466> 1., 
u.8190 2 .05 Oeti460 ,., 
0.7995 2.5 00<1490 1 .cs 
o.79uo 2.6 o.cs470 2.0 
0.7970 2.7 Oeti470 2 .1 
0.799'.;) 218 0.ts51u 2.5 
Oe79CSO ., .o 0.8520 ,.o 
U•79ti0 ,. , o.ts'.540 , .. 5 
o.tjo,o ,.5 0.8540 4.o 
0.8070 4.o Oed560 4.5 
o.lj090 4.5 o.cs590 5.0 
O,b14o 5.0 o.ts625 6.0 
0.0220 6,0 0,~640 7.0 
0.8250 7,0 o.ts660 ts.O 
0.8290 t1.o 0.8670 9.0 
0.e,20 9.0 O,ts700 11 .o 
0.a,50 10.0 o.ts1,o ,,.o 
o.e,15 11,0 O,d740 15.(, 
008410 12 .u u,876U 17.0 
o.84tlo 15.0 o,u710 19.0 
o.cs510 17.u o.ts775 . 21.0 
o.~540 20.0 0,cs7r.so ?.' .i> 
O.tl570 2,.0 

.a ge 46 



o4 Solution Titrat w h 
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10 c.c. ot Ruo4 solution 

4o c.c. of water 
T u. i:, I e - J-rrr - J-rr-

III IV 

e.m.f. c.c. HOl emf c.c. HOl 

o./j,uo o.o o./j745 o.o 
U .t11+90 o.,, 0 . ljti,0 0.1 
Oec:$620 o.4o 0.9000 0.5 
0 ,d6()0 0,6 o. 9()tj0 u,9 
u,~440 0,lj u,yo,o h2 
o,h,o 1.0 0.9000 1.5 
0,t:)450 t.4 0,d970 1~ 
o.8470 1.7 0,8920 2.0 
O,i3470 1.9 0,8tic:)0 2, t 
0,8450 2.0 o.c;l:j,o 2 .2 
O,tl460 2,1 ~ Q,/j790 2., 
o.8460 2,2 O.d760 2,4 
o./j4,v 2., O,/j740 2.6 ~ 
u.8470 2.5 0,l:j740 ,. 1 
0,()ik-sO 2o7 Q,/j740 ,., 
o./j~, 2.9 0,()740 4.u 
o./j5,o 4,U 0,<>745 5.u 
o./j570 5.u 0,t)Jt)O 6.o 
0,CS605 6,o u.St:s6o 10.0 
0,0660 (:),0 0,ij9}0 15,0 
u.8690 10.0 u ,i:jYdO 20.u 
0.8720 12,0 u,9050 25.0 
o.t:s74o 14,u 
Otti760 16.o 
O•<H90 20,u 
0,1:jt>05 24.0 
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Table - - Vl Table "" - VII To.4-& J - 14", J -= 

e.m. f. c . c ,. of HCl e .m. 1 .. . c.c. of HCl 

1.06t o.oo 1 aol+5 () .oo 
1 .07~ 0,20 1 . 050 0 , 2 
l ,07 .5 1 • 5."5 t'.'.;C 
1.078 1 .oo ~ .o4, l .00 
1.077 ,.,o 

1 '°'' 1. ,0 
t ,075 2 ,00 ~ 1 o04o 2.00 
1 o0,, 2 .,0 t ,o4, 2,5() 
1.0,, 2 .60 1.0.59 2.70 
1,02, 2,70 1.0,9 2.ao 
1o024 2,80 , .0,1 2 .90 
1o022 ,.oo 1.0,, ,.10 
1.026 , . 91 1,0,, 4.01 
1~027 ,.oo 1 .o,6 5.02 
,.027 6,01 1.0,6 6.oo 
1.026 7.00 1 .0,2 7.00 
1.028 8.81 1.0,1 8,00 
1.024 11.00 1.0,0 9.01 
1.021 ,,,oo 1.027 10o00 
1,017 15.12 1,024 I 11.01 
1 .014 17.05 1 .022 12 .00 
1.011 19 .00 1,020 ,,.oo 
1.005 21 . 00 1,018 14,oo 
1.001 2,.02 1,016 '6,00 

1.01, 1a.02 
1,008 20.11 
1,004 22.00 
1.001 24,02 

This wae carried out by using 4o c,c. of chlorinated water, 1, c.c. ot the 

etodl!: solution, which was partially decompoeed. 
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Table K 
Fifth series 

Two eamplee of ten c.c. of rutheniwn tetroxide solution. 

Wgt. of boat 

Wgt. of boat plus Ru. 

Wgt. of Ru. in ten c.c. 

7.161~1 

7.22024 

0.0558, 

7.27601 

7.35166 

0.05,65 

Mean average ie 0.05,79 grams of ruthenium in ten c.c. 

Molarity of the solution ie o.o,i+a. 

Summary 

The curves I, II, IV show a minimum at the point where there 

are equal numbers of HCl and ruthenium tetroxide molecules in 

solution. The third titration, III, whi ch was carried out using 
I 

chlorinated water instead of distilled water shows a maximum at 

the same point. Thie seems to confirm the suspicion that McConne:tt( 18) 

had some free chlorine present in his ruthenium tetroxide solution. 

The puzzling fact is that there are no compound of ruthenium 

known in which it has a valence of VII and one chlorine atom 

attached to i t . At the point where ruthenium has a valence of IV 

there is no break in the curve. Although Ruo2 and Ruc14 have been 

~ 
isolated, yet at the point where this should.,,.preeent in the solution 

there i s no sharp change of not enti al . 
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10 c. c. of Ru~ solution A 
40 c . c . of water 

I II T~ k -r - lr'·TL 

e.m.f. Ce(h HCl e.m.f. C•C• HCl 
o. 7200 o.o 0,.7490 o.o 
0.76,0 0.5 o ,c,5,0 1.1 
Ot7b90 1.0 O,ts660 2.0 
u.8uc,o 1.5 0•tj660 2.5 
0.8200 2.0 0.1:5700 , .o 
u.ts'20 2.5 Oets710 ,.4 
0 ,ts420 •. ,.o o.cs720 ,.6 
Oets490 ,., 0,13740 '.c, 
o.ts5tso 4.0 E:- 0,1j750 4.o 
o ,1;590 4,5 o. 8740 4, 1 -0,1:5670 5.0 o.c,7,0 4,2 
0,8690 5•5 o.c,7,0 4., 
0,1j7,o 6,0 0.c,745 4,45 
0.8750 6,5 O,t,745 4,65 
0,1:)770 7.0 o,c;770 6 ,0 
u.8790 a.o o.t1<S70 9.0 
O,ijb40 10,U 0 . 0920 12 ,0 
0,61:500 12 .o o.e94o 15.0 
O.-t,920 14,0 0.(:)960 lb. 1 
U, t:)950 16,0 Q,1j970 21.0 
0.8970 1t, .o o.tj990 24,0 
O,d~9\) 20,V 0.9 110 ,o.u 
00 9002 25.0 0 , 91,0 ,,.o 
u.9020 ,u.o 
u.9u,, ,,.u 
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III IV 

e.m.f. c.c. HOl e.m.f. C•C• HCl 
1.o4,o 9,J 0. 7_ 50 0, rcurC K-rrr -N- oz-
1,0510 l.O . o.tj,,o 1.0 
t .0,60 2.0 Utt:)700 2,0 
t 1-0560 2.5 o.C)7t:>Q ,.o 
.t ,u570 ,.o O,cS~lO ,.4 
1.v6vo 3.5 0,8t-j20 ,.b 
1,u64() 4.u O.dt:s4Q 4.o 
1,U660 5, (J ~ o .t;e5c li,} ~ 
1,0660 6.o 0.8870 5.u 
1,o64o 7.0 0 .t}9()0 6. 
1 ,064o e.o • .9j5 
1,"6,, ,o.u o,.a990 10.0 
1,0610 12.0 o.yo4o 1.2 .o 
1,0600 14,0 0,9070 14.o 
1 .0,70 16,0 0.9090 16.0 
1,04,o ,e.o 0,9110 1c, .o 
t.u,yo 20.0 u.91,0 ?.u ,0 
1.0,50 25 .0 0.9150 ;,~.u 
1c0~00 , o.o 0,9ttj0 a5.J 
I , 025() 35.u 0.9200 ,o.o 

0.92 , 2 
I }5•V 

IIIw 10 c.c. ot Ruo4 solution, 40 c.c. of water, and the wateraad 
"\ . 

some free clorine preeent 

IV- 10 c.c .. of Ruo4 solution, 4o c.c. ot water. 
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10c.c. of Oeo4 solution 

4oc. c . of water 
Tevt-t, L 

I II III 

e.m.f. C•C• HOl e.m.f. c.c. HCl e.m.f. c.c. HCl 

0.,560 0,0 0 .5550 o. o.,,,o o.o 
0 ,'620 0.5 0.5670 1.0 0,,670 1,0 
Ua ?;670 t.O 0,}75 1)~ 0.,725 1.5 

· 0. , 725 t •5 0 ,}770 1 ., o.,800 2 •5 
u, , 760 2 .0 0.,190 1,6 o,,b,o ,.o 
0.,790 2.5 o,,t,,o a.9 O,}l:S40 ,. 1 
o. , i:s20 ,.o o,,tsi+O ,.o o.,1:S60 4.o 
u, , ts20 ,., o.:,840 4•' o.,ts70 4 ,, 
o.,t;4C 4. o o,,1:S90 ., o.,~c,o 4.6 
o,,ts50 4,5 0.,910 4,6 o,,t;95 5•5 
u.,cs65 5.05 0., 940 5•9 0.,910 6 , 0 
o ,,ts70 5.5 0.,950 6.0 0,,915 6.' 
O,,tstsO 6.u 0.,960 6,' 0,,9,0 7.0 
U,}ts90 6,5 0.,970 7.4 0,}945 7•5,, 
u.,ts95 7.0 0.,970 7 ., 4::- 0.,9, 0 7.6 
o.,~oo 7•5 ~ 0.,960 7,6 0.,940 7•95 
o,,1:S70 7•9 0.,950 7.8 0 .,940 8 ,0 
u. , ts4u (j•5 0. , 920 ~.o 0.,960 9.0 
o,,l':>50 9.0 0.,9, 0 9.0 0. , 975 10,0 
O, }ts60 9•5 oo,960 10,0 o.,9ts0 10.5 
o. ,ci70 10,0 0,,970 10.5 0., 990 t 1 •5 
o.~~ 10. 5 0.,990 tt., 0.,995 12 .o 
0.,900 11 .o 0.,990 12.0 0.,995 16.0 
0.,910 11 ,5 0.,970 1ts .o 
0.,920 12 .o 
0,,925 12 •5 
o.~;9,~o 1} . tS 
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10 C•C• of Oao4 solution 

40 c.c. of water T a_,,,U_, L 

IV V VI 

e.m.f. c.c. HCl e.m. f . C•C• HCl e.m.f. c.c. HCl 
o.,1uu o.o 0 ,}010 o.o 0.2700 o.o 
0 .,2~0 1.0 o,,5>1'-> 1 ,\I 0,5450 1.0 
u,,440 1.5 c . ,6bO 1.::, o.;590 t.4 o.,,,o 2 .o v177o~ 2.5 0.,670 1.6 
0,,600 2.5 o.,eoo ; ,o 0.,110 2.2 
Oo}670 ,.o 0.,800 4.o o.;760 2,7 
o . , 1 10 ,., o.;a;o 4,; 0.,820 ; .o 
0.,750 4.u o.,e6o 4,7 o,,~s4o ,.; 
u,,7c,o 4,5 o.;900 j,4 o , }870 ,.9 
o,,dOO 5,uu 0,}920 6.0 o •. ,a90 4,5 
v,,c,15 5.5 o,,94o 7.0 o. ; 910 4.9 
0, 7ij30 6 . 0 o,;950 7 • ., 0.,9,0 5.5 o.,c,,o 6 t 5 o.;900 7.6 ~ o, ;950 5.9 
0•,d50 7.0 0,,910 7.7 0,}960 6.4 
O,;d55 7•4 0.,9,0 e.o o. , sie.o 7. 0 
0,,d55 7.55 ~ o,,94o 9.0 0, }?90 7,4 
o.~60 7,0 0.,950 10.0 o.;970 . 7.7 ~ 
o,,d,O 7,t;j 0.,955 10.55 O,j970 7.8 
u.,s,o 8.0 0,;,9.~5 11 • 1 0 .5860 8.o 
o.,tsc0 8.5 0.3900 11., •'}990 8.2 

. , o,;900 9.0 0 . 5920 11 ,4 u .. 4CX>O ,ti• 7 
0 • .5905 9•5 0. 59,0 11.5 o .;~t15 :;,-o O 
o.;910 1u,5 o.;950 12.6 u.,~ou >1 •5 
0,} 920 11 .5 o,,~65 10,v 
0 . } ~20 12 .9 1:;.,990 10.5 

o.4o15 11,0 
o,401u 1\ 12 
0,402Q 11 • 7 
0 ,4025 12 .o 
o.404o 14,ts 
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to c.c. of Q~04 solution 

4o • C • of water T cJ/4 L 

VII VIII VI U I 

e. m.f. c. c . HCl e.m.f. c.c. HCl e.m.f. c.c.HCl 

0.,000 o.o 0.2700 o.o 0.2400 o.o 
0.,710 1.0 0.,600 o.8 0.,680 0.9 
o.,s20 t.45 0.,100 1., 0.,190 1., 
o.,a6o 2.0 o.,soo 1.8 o.,s6o 1,7 
0.,940 2.7 o.~70 2 . 2 0.,920 2. 4 
0.,970 , .o 0.,900 ~.6 o.,94o ,oo 
o.4o1o ,.1 0.,920 ,.o 0.,980 ,.a 
o.4o4o 4.5 0.,9'5 ,., 0.,980 4.4 
0.4070 ,.o 0.,9,, 4. j 0.,965 4.8 
o.4oeo 5.7 0. ,940 4.8 0.,970 5.4 
o.4o85 6.o 0.,960 5.7 0.,970 6. 1 
0,4060 7.0 0.,965 5.9 o, ,94o 6.8 
o.4o4o 7.2 + 0.,950 6., 0.,920 7.2 ~ 
0 4060 7.6 0.,945 6.6 ff- 0.,940 7,4 
o.4o70 a.o 0,,910 7 .ol 0. , 950 7.8 
o.4o4o 8. 95 0.,950 1., 0.,965 8.4 
o.4o8o 9.5 0.,980 7.75 o ,965 9.0 
o,4o9o 10.2 0.,998 8.4 0,,975 10.0 
o.4090 10 ., o.4010 8.95 o.,9ao 10.5 
o.4oao 10.9 o.4o?O 9., 0.,99, 11 .o 
o.4060 11 . ' 

. o.4o,o 10,2 o.4000 11 .5 
o.4o70 11 . , o.4o,2 10., 0.3995 12 .0, 
o.4o6o 12.0 o.4o,5 10.9 

o.4o4o 11.47 
o.4o,, 12 .1 
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1o o,c. of OeO~ solution 
T ~ L 

4o c.o. of water 

X XI XII 

e.m.f. c,c. HCl e.m. f . c,c. HCl e.m.f. c.c. HCl 
0.2 - p .6 o.o 0.2050 o.o 0.,000 0,0 
0.,180 1.0 0.,680 1. 1 0.,605 1.0 
0,,820 1.65 0.-,770 1,6 0.,170 2 . 1 
o.,a50 2.1 o.,e50 2 .1 o.~20 2,6 
0.,900 2.9 0.,900 2,6 0.,870 .,. 1 

0.,915 ,.4 0.,9,0 ,., 0.,900 4.o 
0 .,920 4.1 0 .,970 ,.1 0.,915 4.5 
0.,9,0 4.6 0.,980 4. 2 0.,920 5.5 
0.,950 5 O o.4000 4.8 0.,940 6.o 
0.,960 5.9 o.4o, o 5.6 0.,960 7.2 
0.,970 6. 25 o.4050 6 • .2 0.,960 7.4 
0.,975 6.9 o.4060 7.0 0.,970 7.5 
0.,960 1., 4-- o.4070 7. 4 0.,910 7.7 
0.,950 7.5 ---- o.4o10 7•~ ~ 0.,910 7.9 
0.,970 7.7 o.4ooo 7.7 0,,960 8.6 
0.,980 8,4 0.,990 7.9 I 0.,980 9., 
0.3980 9.0 c.,960 e.o 0.,990 10.2 
0.,990 9.55 0.,950 8. 1 o.4o,, 1 ,., 

0.,995 10.2 0.,970 s., o.4o,o 12.0 
0,4010 11.0 0.,980 a.9 
o.4025 12. 1 0. , 980 9.1 

0.,990 9.6 
0.,995 10., 
o.4oo5 10.9 
o.4o20 12.0 
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Because osmitun tetroxide resembles rathenium tetroxide, it 

was thought that it would give a curve similiar to the one 

obtained for the latter. The osmiwn tetroxide, which was obtained 

from J. T. Baker Co., cal!le in a glass capsule. After scratching 

it with a file it was wei6hed. Breaking the capsule in two the 

contents were emptied into 250 ml. of water. In order to know the 

amount of osoium t etroxide in the solution the empty capsule was 

wei3hed again. The difference in the two weights gave tho an10unt 

added to the water. 

Wgt. 

Wgt. 

rligt. 

of capsule with osmium tetroxide 

of capa~le 
I 

f t h1:t osmium tetroxide 

The molarity of the solution is 0.0146 

SW!II!l8.ry 

6.15955 

5.,?J003 

The initial voltages when no HCl wa s pre&ent in the solution 

varied as the following table will show. 

Experiment Voltage at which galvanometer ia not deflected 

I 0.,560 

iI 0.,550 

HI o.}5}0 

!V 0 .. ,100 

V 0.,010 

VI u.27~ 

VII 0.,000 

VIII 0.27w 

IX Ow'.?40U 

X 0.2 - o ~6 

XI 0.2050, 
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The point at which the minimum oc cu rred ie when the solution 

contains five molecules of HO! to one of osmium tet r oxide. The 

potential is al:noet constant at this place. The drop in pote11tial 

averages about o.004 volte. The tables as f'ollowe will explain t,hies 

EXperiment Voltage of the mini r::11.1111 Change of poten"ti. al 

I o.,s4o 0.0'>60 

II Q.,950 0.0010 

111 o.~9}0 v.0015 

IV o.,o,o 0.0025 

V o.J9uc o.co,{,) 

VI o •. ,96v o.O\),o 
I 

v.u u.404-u 0.0045 

Vl.Ll u.,9h,1 o.uo,5 

IX o.,92g O,Qo,g 

X 0.,95',) o.ow5 

XJ. 0.,950 o.~.,. 

Xll o.~910 0.0'?5U 

Average o.l<J1l ;t; 0.00~5 

As aoon as HCl is add ed the voltage becomes constant. 
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Conclusions 

When r uthenium. tetroxide is titrated with HCl a minimum occurs 

at the point where equal number of HCl and ruthenium tetroxide 

molecules are preas1t in the solution. The av~rage drop in potential 

at thie point is o.w6 volts. In two casee it wae ae much ae o.o;; 

Yolts. The lAinimum does not always occur at the same potential but 

bet ween the range of 0, 7900- o.~740 volte. The average potential 

at which the minil!lWl occurred wae 0.~45 volte. 

It 680016 the dr op of potential depends on the concentration 

of the ruthenium tetroxide solut ion. The following table will 

show it: 

Series 

I 

II 

III 

IV 

V 

The point where th re 

are oq:1al number of. 

HCJ_ and RuO'-♦ mol. 

no minimum 

weak minimum 

weak minimwn 

sh ar:i;, l'linimum 

sharp minimum 

Molarity of 

the Ruo4 

solution. 

o.,"1,0 

0 . 0270 

0 , 02~()8 

0.0,506 

0 .. 05565 

Ti~e playe an important part in the potential. For a period 

of 15 minutes the average rise in potential for one minute was 

0.002 volts. The increase in potential during the first minute 

was 0 ~015 volts. 

If chlorine ia present in tt1e solution, a ma.xinum is obtained 

at the aame point where a r1inimum occurs. The vol t age at which 

this max:illum occurs ie almost co!lstant. ':.'he voltage in t,hree 

deter::uinatione and with t wo different solutions wer e as follows: 
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Voltage at which the 

maximum occurred. 

Molarity of the solution. 

o.0}5Q6 

0.0,506 

McConnell.1 e concluaion ( rn) that a break in the potential occurred , 
at the point where equal HCl and ruthenium tetroxide molecules are 

present in the solution. is confirmed but it is not a maximum 

unless chlorine is pres~~t. If no chlorine is present, it ie a 

minimum. 
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4W 
Cone l uei ?ns 

The titration curve for osmium tetroxide is eimiliar to the 

one obtained for ruthenium tet roxide becauee there ie a minimum 

on each curve and the potential incr~aaee with each addition of' 

HCl• The differences between the two curves are ae followe: 

Curve 

ltuthenium 

tetroxide 

Oem.i.ttm 

tetroxide 

Point where 

minimum ie 

obeerved 

1 HCl to 

1 Ruo4 

5 HCl to 

1 OeO'+ 

I 

Dccreane i n 

poten t, ial 

( average) 

c.oo4 

Average 

voltage 

of the 

minimum 

Another poi~t of interest is the fact that the voltage of 

the osnium tetroxide solution varied betweon rather large limite. 

Thie may be due to the oxidizing action of osmium tetroxide on 

the faint tracee bf impurtiee preeent in the water. It eeeme that 

if chemically pure water wae used there ought to be no voltage 

detect ed. In each curve, no matter what the initial voltage wae, 

for any definite amount of' HCl added to the eoh.1tion the potential 

was almost the eame. The following graph will clearly point out 

tho eimiliariti es and differences. Each cun-e repreeente an average 

curve. 
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Prof. James Lewis Howe 
Washington & Lee University 
Lexington, Virginia 

Dear Dr. Howe: 

I had hoped to have an opportunity to 
write a letter to you at an earlier date to thank 
you for the reprints of Rinne 1 s work and to say that 
I was returning Br ady's thesis. 

I am enclosing a short note which Prof. 
Young has written concerning his opinion on:nmyr work, 
which I asked him to examine. It seems quite probable 
that Brady is right in assuming that the maxima are 
due to the presence of free clorin with the ruthenium 
tetroxide as I do not recall making any attempt to 
remove the clorin from the distillate. It appears 
somewhat questionable from Br ay 1 s curves whether they 
are strictly reproducible. 

Hope t hat I shall have the pleasure of 
seeing both you and Mrs, Howe in Chicago this summer. 

5213 Kenwood Avenue 
Chicago, Illinois 
24 May 1934. 
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