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ABSTRACT 

A =thod was developed far the ~pec t rophn tmt r i c  d&erx&&ti 
of 30 t o  100 ~sg of The mmiua a~ Os04 is extrz3,cti.e with 
CElCk a d  diphm~1c~;rBszid.e is then &d&sd t o  the mg&ni.c &rtrct* A 
blue-'(riolet reaction product i~ formdj.th abEfmbaq qf which ;h u Y '  

measured at 560 qi. A suitable reagent concwtrotioa i d  iror,3 to  5 kf 
m l  of 0.2s diphenylcarbazide i n  a volume of 25 nil and the preferred 
solvent for the reagent is ethanol. Beer 's law -Ls f oilowed mr a 
rmge of 8 t o  130 pg of osraiuat with a coefficimt of vanriation of , , L ,  , ., I 

about 44. a 2-hour color-dePe10-t period t'htj m ~ l t c r  s&luorb- 
I 

mcy iadex is 31,300. A t t e e s  t o  achieve r e p r d u c i b b  *uzwmm* 
of absorbancy .19 less than 2 hours me. unsuccessful. A s was 
.Pae of the effects of foreign e h n t s  sml only Rn(~111) vmd a 
t o  interfere. 1. I 
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DETERMINATION OF OSMIUM IN URANYL SULFATE SOLUTIONS 

Sp~ctrophotoni.etric Determination of Microgram Quantities of 
Osmium With Diphertylcarbaiide 

Gerald Goldstein 

INTRODUCTION 

Previous. work on· the determination( of osinium by .extraction of Os04 with 
CHC13 and measurement of its absorpancw l) _showed .t.hat from 0·44 to 3.3 mg of 
oSmium r:can,"'. be determlnefd by thi:s method. Since it is also necesstiry to 
determine f' le.El_f;er ·quantities' of osmium; a survey W.as madei :of V.ariOUS chromo­
~nic reagents to determine if any would react with Os04 iri-CHC13 to form a 
colored .s.olution and. provide a.more sensitive method for determining osmium. 
It ~s de.sirable for the . chromogenic reagent to rea.ct with the 0504 in the 
chloroform phase b.ecause of the seiectiyity of the :extraction prOtE!dUTe. 
Diphenylcarb.azide was found to react with Os04 in CHC13 to give a bluec.violet 
color. 

Apparatus 

· Beckrila.n Model DU Spectrophotometer. · 

Reagents 

Osmium Tetroxide Solutions in 0 ~l !:! H2f;O~. The· prepara.tion of this 
standard solution was de.scribed previous·lyJlJ 

Diphenyltarbazide (DPCI)., 0.2% in .absolute ·ethanol. Dis:so1ve ioo mg of 
diphenytc·a.rbazide (available :as reagent No. 618. from Eastman Organic Chemicals, 
Rochester 3; N .• Y.) in 50 ,.m:L of ethanoi ... Th~s r.e.agent ... is ·not stable for more 
than one working da~. and should be prepared daily. 

EXPERIMENTAL 

A. Absorption Spectrum of the Osmium-Diphenylcarbazide Complex,. A solu­
tion was prep.ared conta.ining 38. .~g of osmium as O.s04 in a·vtil~ ·of 10 ·IQ]_ of 
30% HNOs. The osmium wFis extracted with two ;lO,..mi port.ions of GHCls'• The 
extr.acts were washed· :Ylfth iO ml of 0.1 M H2S04 , drained into a 25,..m1 vollU!le'tric 
flask ·containing 5 ml of 0 -~% diphenylc.arbazide (DPC) and about l g· of anhydrou,s 
sodium .suif,ate~: and then the solution was diluted to volume ·with CHCls. After­
an interval of· 24 hours for color development, the absor~p.t.ion spectrum of the 
.solution was determined versus .a reagent blank,:(see Figm1e ·1} .• 
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B. Effect of' Diphenyrcarbazide- Reagent Concentr-4tion~ ·The optimum 
'reagent concent~ation was determined by .extr.acti.Ii.g solutions tontaib.iiJ,g .96. ¥g 
of' osmium,- :washing the. extr.actsj and drawing them .. into flasks .c6ntailiing from 

· 0.5 to 5 mi. of' 0 .2'/o DPC. :·Sufficient etbB.noi was added .. :to the extra:cts to bring. 
', t~· tot.ai voil..ln!e of' .alcohoi to 5 nil,- the .solutions were .dilute-d to voiume with 

CHCi.3-; and their ab.sorbaric:d:esc were· ·me:asured versus a reagent blari.k .at 560 ... IDIJ.~ · 
The:s:e data .are· pre:$ente.d in Tabie I . 

Taio.ie I 

Ef'f'ect of' Diphehylc'EI.rbazide·::Concentra·tioil on the Absorbency 
of' the Osmitim-Dip~Ii.;tl¢a.rbaz'ide Complex 

Cond~tions ~ Voiume'; nil 
Osmium,. IJ.g 
E'!ibB.nol,. m1 
Wavel-ength,. mil 
Cells, em 

. Diplieriylcarbazide·, 0 r2"/o 
nil 

0·5 
i 
2 
3 
4 
5 

25 
96 
5 

560 
i 

A:t>.sorb.ancw 

0·153 
.340 
.600 
.749 
·759 
-769 

c. Eftect of' Color Devetopment Time o Solutions conbiining. from 12 to 
99 llg of' osmium were treated as ·ifn Section A.. .The absorbimt\Y of' .e·a.ch of' the· 
solutions was me.asure.d as a function of' time. The·se .data .are presented in 
Tabie II 0 
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Table II 

Effe.ct of Coior Devei<;>pment Time on the Absorbancy of the· 
Osmium-Diphenylcarbazide.Solutions 

· .. Time, 
Minutes 

0 
30 
60 
90 

120 
180 

Conditions.: Voiume, ml 
Diphenylc§:rbazide, 0.2% 
;:;·:ln:· . .tetJ;tanGll, ml 
Wavelength, m~ 
Cells, em 

O.smium, ~g 

12 24 48 
Absorbancy 

0.048 o.i34 0.272 
.064 ·.146 .295 
.065 .155 .310 
.074 .162 -316 
.079 .162 .320 
.079 .169 .322 

24 hours .lob· .195 •398 

72 

0.387 
.4i6 
.430 
.440 
.460 
.462 
·562 

25 

5 
560 

1 

0.550 
·579 
·595 
~6o8 
.615 
.620 
•730 

D. Adherence to Beer •:s Law. The· adherenc!= of the .absorbancy. of the osmium­
diphenylcarbazide .solution to Beer 1.s Law, after a color development period of 
2 hours, :was tested by extratt:Lne; .12 to 96 ~g of osmium, treating the solutions 
as in .Section A, .and measuring their absorbancy after 2 ho.ur.s. Five :aeries of 
.solutions d~signated· as I to V we:r·~ pr·epared over .a period of two weeks. These· 
re.sult.s are· shown in Table III. 
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Ta:'t:)lE~ .. : Ill: 

Adherence of Absorbancw, of Osm:j.um-Diph~nyicarbazid~ 
Solutions to Bee:r:'s Law 

Conditions: Volume, m1 
Diphenylcarbazide;. Q .• 2ajo in ethartol, ml 
Color development tiiiie' hour.s 
Wavelength, III!J. 
Cells) em 

Osmium, AbsorbanciY 
'IJ.g :t II III IV v 

12 0·.079 0.082 0.080 0.079 0.078 
24 .162 .165 .i51 .164 .i73 
48 -322 ·.314 .300 .329 .342 
72 .462 . 440 .450 .473 .. .• 470 
96 .615 ·592 .6li .650 .642 

MOlar Abs'orb-
anc!Y Index 30,900 30;100 30-,400 31;90.0 32,300 

Coefficient 
''of Var.; % .2 '6 3 2 5 

25 
5 
2 

560 
1 

Aver.age 

o.68o 
·.163 
·•321 
.)J:59 
.• 622 

3 

E. Effects· of Foreign Ions. .Soiutions containing 38. IJ.g of o.smium were 
prepar.ed., and the appropriate quantity of the foreign .. substance to b.e te:ste·ci 
was added. The solutions ·were· then adjusted and extr.acte.d as· in Section A,. and 
their absorb.ancies ~asured .after ·:a color development period of 2 hours-~ The 
r.esui t·s ar.e pre.sented in Table IV • 

~-s 
___j 
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Effect of Foreign Sub.stance.s on the Determirmtimi of Osmium 

Condit ions : Vol).lme:, mi 

Fore.ign 
Element 

u-f-6 
Th+:4: 
Fe+3 
cr+6 
cr+s 
Ni-i-.2 
cu+2 
co+2 
Mo+6 
zr+4 
Au+3 

.pt+2 
Pd+2 
i +s: r . 
Rh+s: 
Ru+3 
Ru-f:s 

:t>ipheiiylc.B.rb.azidEh o .2ajoi mi 
Coior develop:memt tim¢,. hours· 
Wavelength,.IIi!J.• 
C~lis,; em 
Os, 1-1g 

SUbstance 
:mg :Found 

500 38.7 
·4o.o 

1 39··9 
38·5 
39·7 
40.3 
39·9 
38.2 
37.6 
38.8 

1 39.0 
39-3 
38·. 7 
37.1 
37-9 
38.8 

0.3 49-3 

O.sm:i..um, 1-Lg 

25 
5 
2 

560 
i 

38 

Error 

0;,7 
2.0 
1.9 
0··5 
1.7 
2.3 
L.9 
0.;2 

-0 .• 4 
o .• 8 
LO 
L3 
0.7 

.... 0.9 
·-0.1 
o.s 

11.3 

The absorption spectrum of the product of the ·reaction between osmium 
tetroxide and .dipheiiylcarb.azide, which i.s :shown in Figure l1 has .a broad 
abs.orption b.and betw~en 500 ·and 600 n4L with peak absorb.ancw betwe.eii 550 .8.nd 
560 Illj.l; con.sequentiy, absorban<::y nie,asurements were :ma:de .at 560 Illl-1. Since 
the diphenylcarbazide reagent i tseif does. not absorb appr.eciabiy ootwe~i:i 400 
and 700 :Ill!-1; its :spectrum is not shown. 

·' 
Te.sts were made of the· reagent concentration. nece·~sary to pro.dU:~e niaximum:. 

absorbancy. F.rom the· r.e.sult.s·, which are shown in ·Table I·;. it t.s indicated 
tbB.t 3 ml of 0 .2ajo DPC in a volume of .25 mi is s.uffici-eri.t for corirplete color 
development. No :sign.ificant increase in absorbancl)' was. observed when up to 
5 Iril was utilize.d.. To as.sure· an adequate exce·ss of reagent, however, 5 ml wa.s 
utilizt:!d, in ·sub,sequent eA.rperimenb:>.;~::.Thls:'amount represents an 80~fold molar .~ 
excess·· of reagent .. to osmium. 
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The: ·eff.ect. of the total i~thanol co:ncentration was investigated and it was 
e.stabltshed that the absorbanc<y was constant when between 1 and 5 ml of ethanol 
was pr.esent in the 25-ml volume. 

During the.se .experiments it was observed that the .absorbanc<y of the 
osmium-DPC s.olutions increases. with time; therefor.e, a time-.study was carried 
out wher.eby the absorbanc5'" of the :solutions was measured a.s .a function of time. 
The:se results are pr.e.sented in Table II. The color incre.ases over a period of 
at ieast 24 hours.; how~ver; the rate of increase is small after the first hour. 
For inst-ance, between 60 and 120 minute:s; the absorbancie.s incr.ease by .about 5%; 
betwe~n 120 and 180 niinute:s the incre.~se is about 1%; and over the next 21 hours 
the· intrea.se is .abo.ut 17%· After a color development period of 2 hours, the rate 
of increase of the absorb.ancie·s is therefore only about 1% per hour and, within 
r.easonable· limits, the time· of color development i.s not a critical factor after 
the· first 2 hours. 

·The ·.data in 'l'abie III showing the adherence· of the absorbancie.s of the 
osmium-DPC solutions to Beer •:s law after a color develo_ljment .period of 2 hours 
aiso demonstrates the reproducibility of the ab.Sorbancw measurements. Statts­
tical analysis· of the five sets of data ~showed tbat there is no :significant dif­
ference· in the molar ab.sbrb"!..lCY index· and coefficient of variation obtained for 
··each individual set. In no case was the coefficient of variation for any of 
the five· .serie:s of absorbancy measurements more than 6%; the average was 3% • 
Using the average molar absorbancy index of 31;300,. thi.s method is .suit.ahle for 
the· determination of ·s to 13.0 .IJ.g of o.Smium, with an optimum range of 30 to 
100 IJ.g; and a coefficient of variation of about 4%. 

Attempts were made to incr.eas.e the rate of color development so that maximum 
color was reached rapidly by he:ating the fimH solution, by the addition of 
various compounds to the :fi.I:$J: .solution, and by the introduction of the diphenyl­
carbazide rea.gent in solvents other tban ethanol. When the final solutions were 
heated; erratic results were obtained. In some cases the diphenylcarbazide r.e­
agent was apparently oxidized, giving the solutions a deep red color; and in 
other c.ases. the solutions were completely decolorize.d. · .. No advant~ge was r.e.alized 
through the use of .acetone or methanol as the .s6lvent for the· dipbenylcarbazide 
instead of ethanoL AlthOUgh higher absorbancw· values were· obtaine.d afte'r :a 
period of two hour.s for development ofcaolot' when metha.noir. was. used asc:th~ sol­
vent, .·:the· 1ineasurements were not reproducible·. The .addition of about 2 g of 
formic acid; acetic :acid, or phenol to the final solutions l'.esulted in higher 
.<absorbanc~ measurements; however, the rate of increase of the absorbancw was 
appreciable ·even after 2 hours, so that the time of color development was ·a 
.critical f.attor in obtaining reproducibl-e measurements-. The color was bleached 
when 2 g of triethylamine· was tl,dded to the final .solutions. In general, the 
methods tested for decreasing the period required for color ·development ad­
versely .a.f'fette.d the .sensitivity or reproducibility of the .o:Smium determination 
and none of them, therefore,1 was. complet-ely succe.ssflil. 
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Tests. of the elements which are commonly found in uranyl sulfate s.olutions 
revealed .. that. none~:of::....<thelil interfere ... "in: ... theLde±et.minat:ion:~:ofr;osmi.um.' .· .The~.maximum 
error which was found, even in the presence of 500-mg quantities of ur.anium or 
thorium, was 5%·- Although it is possible that s.ome of the .elements tested wiil 
react with ·diphenyica.rbazide, the ·extraction procedure ,selectively s.eparates the 
osmium. Interferen_ce t.e·sts were carried out on metais in the platinGm group 
which revealed that Ru(VIII) .alone of this group. of elements interf'ere:s with the 
determination of osmium. Ruthenium tetroxide i,s co-extracted with Qs04 and 
re.acts with diphenylcarbazide· to give a violet color.ed react 'ion product. How­
ever, ott is pos·sible to ox~idize osmium to Os04 :witho~t oxid~-zing ruthenium to 
Ru04 \ 2 J, and; therefore·;- osmium can b$ separated from ruthenium if both are 
iriitiaily pr.e.sent in .a reduced state. Ruthenium( III) .doe.s not interfere in the 
determination of osmium. 

Conclusion 

Optimum condition.s were e:stablished for the .determination of o.smium by the 
extraction of Os04 with CHCJ.s and the addition of diphenylcarbazide to .the CHCJ.s· 
extract. The procedwe involves the extraction of os.mium f'ro:rn .a 30% HN03 medium 

· with two; 10-ml portions of CHC13 • The combined CHCJ.s ·extracts .are w.as.hed with 
10 ml of 0.1 M H.2S04 _.and then drained into a 25-ml fiask containing 5 ml of 0.2% 
diphenylcarbazide in ethanol and about l g of anhydrous· Na2 S04 • The ahsorbanqy 

• is meas.ured;, .. after a c,olor-development period. of 2 hours, at 560 nljl vs :a reagent 
blank, using 1-cm celis. 'From 8 to 130 j.lg of osmitllll can be determined with a 
coefficient of v.ariation of about 4% .. Attempts to ~limina-6e· the· 2'"'hour per!lod 
for color development by heating, or by the .addition of other compounds to the· 
final solution, were unsuccessful. 

Te·sts of the· ·effe·cts of foreign ,substances showed tbB.t the elements com- . 
monly found in ur.anyl sulfate samples do not interfere in the ~termin~t:i.on of 
o.smium. Of .the platinum group elements, only octavalent ruthenium interfered. 
However., this interference can be eliminated by reduction of ruthenium .and 
osmium to the trivaient state followed by .selective· oxidation of osmium to 
o:~o4 , aft.er which the Os04 is extracted with CHCJ:s. 
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TEST CONDITIONS 
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Medium ___ ..;C::.:H:.;C:..:l:,:s!_ ______ _ 
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