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memuring the a;bsorba~sgr of osndm tetroxide i n  C H C h .  The oamium 
is first oxidized t o  the octavaletlt sfate and the  osmium tetroxide - 

which is  Formed is extraclied ~~8kct iw4 with C H C 4 .  The ul t ra- .  
v io le t  &sorption spectrum of OsQ4 i n  C E C L  has,, a series of ab-' ' I 

sorption haads with peah absorbanciea at 282, 289, 297 304 and 
312 w, and raalm rrbsmbaacy indices of 1870, 1760, 1610, 1400 and 
1000, re?sppctive&y, For each wavelength the optimum concentration 
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range f a r  the daternrtaatipn of wailrl~3 w a s  evaluated by the  zeethod 
of R i ~ h o m ,  Qnly chlori& a d  oeta-8alat ruthenium interfere Sn 
the d e t e r d t i o n .  By th i s  net&, frolg 0.4 t o  3 mg of osmium csn 
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DETERMINATION OF OSMIUM IN URANYL SULFATE SOLUTIONS 

Vltraviolet Spectrophotometric Determination of 
· Osmium Tetroxide in CHC~ 

Gerald Goldstein 

.... 

INTRODUCTION . 

A method was desired f'or the determination of osmium in solut.;i.ons of 
uranyl sulfate which contain numero\ls~corr.o~?.ion products Sl.(lch as iron, 
nickel .and chromium. Since none of the existing methods(:?) are sufficd:e.ntly 
se.lective for the dir.ect determination of osmium, a separation procedure was 
necessary. Moreover, o.smium can exist in five different valence .states and; 
therefore·; a. further problem was that .of obtaining all the osmium in .~ .. singl~ ) 
valence state. Accordingly, a pr.ocedure suggested by Sauerbrunn and Sandell ~3 
was tested whereby osmium is oxidized to the octavalent state and the Os04 
which is :formed is then extracted .selectively with chloroform. The osmium is 
then determined by measuring the abs:orb.ancy of the extracted Os04 in the 
uitr.aviolet region of the s.pectrum. Although the ultraviolet absorption s-pe~>­
trum of osmium te.troxide in organic solvents has b.een pr.eviously reported,.~l) 
the absorb.ancy. of Os04 has not been :utilized pr~viously f'or ~alytical· pur­
poses. 

Reagents 

Osmium Tetroxide in 0 .. 1 M H2S04 , 0.375 mg Os per nil. A vial. containing 
0.5 g of r.eagent-grade Os04 ("available· from MB.llinckrodt Chemic.al Works, 
Reagent No. 2768) was weighed. The vial was then broken under 500 m1 of 0.1 !i 
H2S04 and the Os04 was allowed to dissolve completely, after which. the solu.:.. 
tion was filtered into a one..:.liter. voll.l.!Iletric fl.B.sk .and diluted to volume with 
0.1 .ryi H2S04. The broken glass collected on the filter was dried and weighed. .. 
The· weight of Os04 in the vial was determined by difference .and the concen­
tration of Os in the standard soiuti:on was calculated. Thls)sotution_was 
standardized by the gravimetric method of Wilson and Baye .. ~5 More d1lute 
osmium solutions were prepared by appropri~t.e dilution of the standard. 

H2S04 , 0;1 M. Dilute 5··6 ml. of c~nc •. R~S04 to one li-ter;:·· 

Apparatus 

·Beck:rQ!in Model DU Spectrophotometer.; equipped with ultravioiet ·acces­
sories. 
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EXPERIMENTAL 

A. Extraction of Os04 :. s.olutions were .pre:pS.red which cont_a::tned known 
--quimtities of osmium as Os0-4 in 10 mi of 30tfo HN03. These solutions were 
transferred to 60-mi separatory funn¢ls and ~xtracted successively with 10-) 
iO-, a.:tld 5-nil port ions of CHC:l3. The tbi'~e -~xtracts were drained into a 
second separatory funnei containing 10 .nii of o.i M ~S04 and w!;l.shed with 
this. s.olution in order to remove any traces of EN'o3 which may also have been 
extracted. The CHC:l3 pbB:,Se· was then drained int.o a 25..:m1 volumetric fi.B.sk 
containing about 1 gm of anhydrous .. sodium s.ulfate ,and diiu-pE;ld to volume. 

B. U:itraviolet A~so:+_'ption SpectrUII1 of~ Os04 ~ An Os04 solution_ wa~ 
prepared that containe.d 1_.52 mg of osmium and the osmium t~troxide was e~­
tracted as previously de.scribE;ld.-. The ultraviolet absorption spectrum of the 
ex-tract was. ·determined v.s a CHC13 blank and is presented in Figure 1-. 

C. Calibration Cl.lrves for the· Determination of Osmium. Solutions were 
prepared containing fr~m 0~4 to 2.1 ~of osmium which was then extracted as 
previously described. The _absorb.a:ncu of the extracts was mea.sured versus _a 
CHC13 blank .at the wavelEmgths of the five Os04 absorption pe~ks: 282., 289, 
297', 304c; and 312. ~. 'l'hes.e calibration data ·are pres.ented in TS:bie I, .and:; 
in the form of Ringbom plots-:; :in Figdrei 2 ~--

D. Eff.ect of Foreign Sub.stances ~ Solutions were· pr,epared containing 
Li4 mg of osmit.Un-, .and the foreign :sUbstances :Ln 10 m1 of. 30% HNOs·; and the 
osmium was ·eXtracted as previously described~ The absorbancu of the -extracts 
was meas.ured at 289 ~ vs a CHC13 blank. The.s.e res_uits are presented in 
Table_ III. . . . 
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·Table I 

Calibration Data for the Ultraviolet Spectrophotometric 
Det$rmination of O.smium 

Osmium 

Conditions: Voiume, ml 
Cells, c~ 

mg Mx 104 282 289 

0.380 0.799 .. Q.l5i 0 .• 142 
.rr6o 1.60 .298 .276 

1.14 2.40 .460 .430 
1.52 3··20 ·590 . ~565 
1.90 4.00 ·· 73B .690 
2.28 4.79 
2.66 5-59 

Molar Absorbancy Index 1870 1760 

Cd.efficient of 
Variation; ojo, 2 2 

·r-

Dis cil,s.s ion. 

· Absorbanc~> 
297 

0.130 
.263 
-396 
.529 
.648 
~798 

. . .1640 

1 

Illj..L 

25 
1 

304 

0.109 
.223 
-335 
.455 
-552 
.687 
.. 770 

1400 

2 

312 

o.68o 
.160 
.236 
.318 
·396 
.497 
-560 

:)..000 

2 

Although Os04 can be·ext~acted.from acid solutions by :many organic sol.:.· 
vent.s., CHC1:3 was cl;losen as the -e:x:trac;tant for the following r.easons.. Since 
the ·extractions. Are made from a_·nitric acid solution, many elEmtent.s besides 
osmium, including thorium And ur.anium, can be extrac-ted( if the solvent' i-6 
polar ,and ha.s a.J .. functiorial group which contains oxygen. 2) Therefore a non­
polar .solv.ent i.s pr~:f:e:rred~ for the s.tHective extra.ctioh of osmium. In ad­
dition' it is more convenient to . us.e a sol vent heavier than wat.er than one 
which is lighter than water. Chloroform was cha.sen rather than CCi4 . since 
the distribution ratio of. 0~04 is 19 •.1- .when CHCls ~s u~ed .~s the extr.attant 
compared to 13.0 when CCL! .:11..s used. D) From the d1.str1.bUt1.on ratio of 19.1 
it was. calculated that·"99-/6,% of· the a.smium was extra.ct~·d by the· recommeride.d 
procedure • Since the 'Plijc:ision of ortiinary spectrophoto~triG Iru;!B.surements 
is of the o~der of 3%, ~ a ,loss of 0.4% of the gsmium is not significant. 

The ultraviolet absorption spectrum of Os04 in CHCl,s, which is shown 
in FigU.re 1, exhibits t:tu: same features as the spectra previously reported 
in CC14 and )in hexane-. l J:), __ : .BeloiL 26.0 irijJ.. the:: ab.sorb;ancy of. the QsG4 ::. sbl11:t ion 
incre.a.ses rapidly. Sinc.e the absorbancy of the CHCls blank is also appreci­
.able below 260 IIlJ.L:i this region is not' suita:l:{le for ,spectrophotometric meiis­
urements. Above 320 IIlJ.L the absorbancy of tile:· Os04 solution is very small. 

The calibration .dat.a for the determination of a.smium which ·were ·:ob.tain~d 
for the five band systems which center at 2821 289, 297, 304 and 312m!J. 
adhere to Beer's law. The Goefficient of variation of the calculated molar 
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.absorbancy indic.es i.s, in all ca.ses, less than 2r{o. In order to determine the 
range of osmium concentrations which can be· d~termined with the maximum accu­
racy for ·each wavelength, the calibr.ation data were plotted as per cent trans­
mission y~)log of the osmium concentration according to the method of 
Ringbom. ~ From this plot, shown in Figure 2., the optimum concentration 
ranges were evaluated and are shown in Table II. From the results it is in­
dicated that by proper choice of the wavelength, 0.4 to 3.3.mg. of.osmium can 
be det~rmined with a coefficient of variation of about 3%~ The absorbancy 
values of the Os04 ·extracts remain~d constant over a period of 'at ieast 5 
hours. 

Table II 

Optimum Concentration Ranges for the_Ul:traviqlet Spectrophotometric 
Determination of Osmium at Various Wavelengths 

¥ave length; 
IlljJ. 

282 
289 
297 
304 
312 

Optimum Concentration Range 
M X 104 -- mg/25 ml 

0.82 
.88 
.94 

i.lO 
1.54 

- 3.74 
- 3·98 

4.26 
- 5.02 
- 7.00 

0.39 
.42 
.45 
-52 
·73 

-- i. 78 
- 1.89 
- 2.03 
- 2.39 
- 3.33 

The effect of foreign substances::on. the determinationl6f J.l4 mg' .of ... osmium is 
shown in Table lii. From the results it can be seen that the cations which 
are normally found as. minor components in uranyl sulfate solutions do not 
interfere. In the presence of more t)lan 500 mg of Cr(VI)~ however, high 
results are.:.· obtained .. The pla:tinum gr.oup of metals in their lower valence 
.states wa:.s,;also te:sted,. and<rdoes 'n6t. interfere.., Ruthenium in the octavalent 
state is a known interferei)t~ since Ru04 extracts along with -Os04 ,. ·and also 
absorbs ultraviolet light. ~lJ However, RuO~ and Os04 may be reduced with 
ferrous ion, and the osmium then sele~ttvely re--oxidized to the octavalent 
state with nitric .acid and extracted.~3J Of the anions that were tested, 
Cl04; S04~ and PO~ do not interfere·. In the presence of chloride, low 
re.sults were obtained since chlori-de forms complex iop.s with tetra- and 
hexavalent osmi:UU ai)d)inh~bits the comp~ete oxidatiort.and subsequent ex-
traction .of osm1.um. ~3 S:mce the chlor1de concentrat1on in uranyl sulfate 
solutions is very low; the· i:riter'ference from-··suchl. smalFamou:rits · fs · .insignif­
icant. 

Although; in these .experiments, the osmilim originally pres~nt was in 
the octaval-ent state, _the .method rul:s general applicability .since osmium can 
be oxiP,fzed readily from .any of its 'iow.er v~lenc;e)·states to the octavalent 
state by nitric acid or potas~ium permanganate.~3 

. ') .. , 
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Tabie III 

Effect· of Foreign Substances on the Extraction and Ultraviolet 
Spectrophotometric Determination of Osmium 

Substances 

u+6 

Fe+3 

. Ni+2 

cu+2 

Th+4 

cr+6 

cr+s 

Mo+6 
··'. Pd+2 

Au+3 

Rh+s 

Pt+2 

rr+3 

R +3 u -

Osiiliumj rng 

Quantity, 
mg 

1000. 

500 

6 

5 
2 

1 

1.14 

Osmium, mg 
Found Error 

1.'19-

1.22 

1.18 

Ll9 

1.17 

1.1_9 

1.1.6 

l.l4 

1.20 

L12 

1.10 

L'l7 

1.16 

1.19 

+ 0.05 

+ 0.08 

+ 0.04 

+.-0;05 

+ 0.03 

+ 0.05 

+ 0.02 

+ 0.06 

- o-.o2 
0.04 

+ 0.03 

+ 0.02 

+ 0.05 

Concl-qsion 
..... 

- .· From 0.4 to 3.3 ing of osmium can b~e d.et~rmirie_d by oxidizing the osmd.um 
to 'the octa:v:a.lent state; ·extr,acting the Qa04 ··which .is formed with CHCls, 
.and me.asuring the absorbancy of the Os04 in CHCls .at a' wavelength of 282, 
.289; 297; 304 or 3i2 IIljJ. 1 depending .on the .concentration of osmium. The 
optimum concentration range was establisheP, f6r me.asurememts at each wave­
length. Only chloride and octavalent ruthenium interfere in ·the:'.determi­
nation. 
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Figure 2 . Ringbom Plots of Calibration Data for the Ultraviolet 
Spectrophotometric Determination of Osmium 
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