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An ammonium thlooyanats procedu:r€~ fo:~~ the color:i metri(~ determinau , 

tion of: uranium has -bean thoroughly examined' wIt.h respect to ~lTOI'S in .. 
IH:l?erAt in the . analytical method a:nd possible in_terferencs~ due to othe'!:' 
elOOIents in O'llr samples.. Modifications have beE:iIl. int.roducocl which 'hf1'11'$ 

incI"®2sed the sensitivity considerably., the :range dO'i'JU 
4~5 micrograms of uranium. ~td th good acc,'tlI"ncy,; 
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This work 'Was based on the project report" ~ilX=l49 "The Det.errnina ... 
tion of'Small Quanti.ties of Uranium in UH:l Pl'asence o:t~ Large Want.it.ies 
of Thorium and Small OUan't.1ties of Ircn aI!d Copper!! by J" E." Curran and 
J:~" Eo Beamish (Ref 0 1) and consisted malnly il, testing various ThOolf1.cl!l.­
t:tons of their method.. In ge.lll.eral we h~,ve f'Qlmd their procedure to be 
fairly good" 

The colorimetriC:! method for urani.um !l1l1alyais mQ,st commonly used ir.1 
this laboratory Ell'l'!i!loys the lSolor devi2110ped by sodium s&licyla:tlSi in ru:.l. 
acetate buff'el' (Ref., 2,3) 4 Boweverjl besidas the anions th~lt, form com"" 
plexes with uraniuml/ as carbonate, phosphate: ana. organic acid.s)) t.he 
cErM.ons of iron, th(rdu'ffi ll c0r1um~ and l"iJ.thenium '.nteri'ere" Iron inter"" 
:fer~s to such an extent (1 microgram of ix'on is eqtw.l t.o 5 micrograms of' 
uranium) that no ironmoconta.ining samples <ean be analyzedw:'L'lJh -this method" 
iJ'ith many samples containing varying t.u'a;;-'\ll'3ts of iron be:tng submitted 
arlalysls" the naed 1'07' 8 pl"'Oosdure fre's from iron l.nterference isclea:rly' 
evident 0 

In the procedure outU.l'led by Curl"'ab and Beamish i the sample is f:lrElt, 
adjusted to either pH 105 or DH J (onG srould be c:hosen and then kept c('m·~ 
stant)" Stan1".!.ous chloride solution is 'then added to reduce any j .. ro.n 
~Y!al be present", (f19rroua ion does not. form.8. colored complex wit.h thiocys.-
ns'ts) ~ and a qus.n:ti tJ!' of ammonium thiocyanate solUtiOfl pipet,ed to 
the color.. The mix1iu:re is dilut.ed to 25 ml .. snd comnared ~Jiith a blrulk solu,~ 
tim! in a STHaetrophotometer at a wave length of .36, Mft.. During a thorOll-.gh 
tElst of tM.s procedure>! we noticed se'lJ"sral BOU!'l'..H~S of error and introduC0d 
a number of improvements in. the methon. 

~ .2!: Add.:!!,io!:\ 'and ~~f!!£1.2! .!!~.JlL. 

We found that, the order of addition. of reagents to the sampls mak~a a 
5Jl'lal1 difference in t.he transmission .. ' .it low valU.E) fol" Ul"1'i,~11um content :ts: 
obtained if the ammonium thiocyanate is added before stgnnollts chlfCll'ir.;a 0 

. VI" IVL, Byerly noticed that a much more serious erS"or was introduCled if 
sa.mple was not. shaken well after each add1.tlon of reagents.. and ar= 
ratio results are obtained, p'1rticula:r.ly thorotlgh rniJr:ing aft.er additim 
of stannous cbloride ,.S omitted" Apparently a high lOCHl actd or stann01J;.f,1 

, ion concentration destroys -the thiocY!lnate ion a~'ld causes a highsr tl'.;ms~· 
mission., As much as a 20% error in ura."lium content, for 3000 U 't'J8S f'ou:p.a 

the solutions were not thoroughly m1:l~ad" 

-', d 
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Table I 

11~ ~ffect !Ji. Mixj.l!,i perpen.t; ~,§lll..i§.lli..11 JOO1fU:t:,::g'}jJ.1m 

prder of add! Ym 

SnC12 then n-TJI
4

SCN 

NH4SCN then SnC12 

ID-tb s~ 

55,,4% 
;503 

56,,1 
560 .3 

Y!!!.r19.t~.2!: ~nSm!~.1.q,n. ~ ~,l~!Hfth 

6.2 .. 0% 
64 .. 8 

65,,7 
65 0 0 

The absorption curve of the uranyl thiocyanate system was taken on 
!!l\ Beckmann quartz apectrophotomett~r and tte resul tiS> are ahom in ~'1.gl:!re l" 
In addi.tion the 1'a11'.11y of curves given in Figure 2 and takSll on the same 
instrument depict the variation 0'/ a stand.ard curve with wavelength" 

These curves show the uranyl t.hlocytUlate system d('snd.atee fl"Om 
Beern s Law above 4001lU 300 mp. -(·his a€tvb:tj.on becomes more PTO"" 

!lounced at lower wavelengths", However g wben similar c'm'Ves are taken on 
a Coleman Model 11 6pectropl'otometer I;'ith a ro-6 1'1.ltel", 10'11 battery sou.rosj) 
and 30 mp slit width, (Figure .3) tre divt!!irgence from BeeT~s Law nagli~ 
gible at 360 m.fl (the lowest convenient 1!l1s'itelength obtainable on ColemtJ.rt 
Model 11) and in the. opposite direction.. I<'or rout:ine ansl;y'l:.ical pn:rposes 
this deviation from Beervs l.aw does not affect the results since tbe 
haa been shown to be very reproducible" The rea.son why the Coleman 
does not show the dev:i!'.1.tion may be due <(;0 t,he relat:ively '!/Vida slit 
that instrum.ant.. As SSIEll from Ue ab~ol.."tion C'!.1.l"V~ 8. 30 IDjA slit covers 
Quite a range on the steep slope 'where one has toF:rom our "'V1;"""~~; 

it is seen that Beer! sLaw t6 foDowen more clo6ely at higher wavelengths" 
Since the .30 n'lfo alit includes more of these wavelengths than the 
OQ2..o o 3 ~ slit width u.sed on the n~ckmm:m ti'lstrument~the Coleman 
ment would be exPect.ed to give a straighter I1ne~ The M.rna intensification 
factor (see below) "'laS checked and f o'll:''ld to htwa no effect on the above. re'" 
. .. We have used 3~:O f¥-l with the Model for Too.tine 8nl!llysis 

good suecess o It hettar sensitivity i.8 desired fOT VS!'Y small ~TII01.mts 
of uranium, lower 'iN9.velengths may he usoo o Though gre~~ter deviations from 
Be(~r' s I.aw may b~ 9Jenect.ecl et wavelengths lower thBll 3110 ~l! these still 
may be advantageously for nnalytical purposes 0 Due 'to the f,Tsat 
pendence of tranemissi01'l on wavelsngthj) the set,ting of a pfJrt,icular wavel€U':\~r!:.h 
is very lmpo:rtarito 

t> 
Q, t___ . 
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Dl2 Effect .2t Ammonium Thiocyanate Concentration 

To improve the sensitivity of the procedure tor small quantities 
or uranium, a. higher concentration of ammoniUlil thiocYAnate was tried .. 
P. graph showing the decrease in transmission by increasing the smount 
ot thiocyanate is given (Figure 4).. The use 'of the higher concentration 
(10 iDl 81 NH SON in a 25 m1 volumetric nask) seemed worthwhile and 
this system. wls studied rather extensively.. However, we tound that mder 
these conditions Beer's Law does not hold around 1OOO70f uranium .. . . 

§tabi1i tl .el the AEPtS Tbi92:nmate System !.1:Y1 I1e 

It was round that there is a definite and noticeable intensification 
ot the colored complex and blank 'With time.. This rate of 'intensification 
is shown in an accompanying graph (Figure 5) II Thus to eliminate this 

I 
I 
! 

source of' error 8 time limit was set tor the final addition. of thiocyanate)) 
dilution, and reading or transmission. We adopted 105 min .. 8S the standard 
time for these operations and it was used in subsequent work.. Using a lower 
concentration of thiocyanate, (5.0 ml 8 M NH SON added), the rate of 1nten~ 
sif'ication is smaller and less emphasis is phced on time (Figure 5).. Using 
the lower concentration, an analysis should be completed wi thin a half hour 
in order to neglect the intensification factor.. To simplify th~ preparati~ . 
of' blanks for Procedure A, a stable colored solution (1.5 mg Cr 3/ml as 
Cr(NO~'~ in 0.01 ! RN03' was compared to freshly ade blanks and used 8S 
a ref"er§nce solution ... 

§tA9iliV 2!: .1iW! A_nig Nocl81'late Syste'!.Ull Temperature ' 

The thermal. stablli ty of the urall1l thiocyanate system was also in­
vestigated..Up to about, 4OOC, we r~ n'o change in the tnlnsmission of sam·~ 
pIes in a 5 mirmte period.. Above 40 C,I the rate of thiocyanate decolllPosition 
becomes very noticeable. Thus under normal conditions there is no tempera­
ture effect .. 

l:hI. Effect 2.t .§, Longer f!!Jl .!DSi SmalJ.et Dilution 

We also used some arbitrary means to imorove the sensitivity of the 
method to the utmost o In order to obtain a longer path than provided by 
the normal 13 mm. matched cuvettes, we tried a set ,of Coleman 5 cmo~atched 
horizontal cells (Ref .. 4). Using the 5 cm. horizontal cells and a total dl." 
lution volume ot 10 m1 a practical limit in sensitivity with respect to pat.h 
length and uranium concentration in the final dilutlonwas obtained 0 Other 
enacisl apparatus requiring specialized technique might 'be used but 'WOuld be 
inconvenient for routine analysis. Corresponding to the amount of sample 
taken, a higher concentration of thiocyBllate can be used with the 10 m1 vol'l2.'"' 
metric fiasks to improve the sensitivity: Beer' 8 Law is followed with very 
low uranium concentrations (4-SYU) in these 5 cm .. horizontal cal180 
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PERCENT ,TRANSMISSION VARIATION l'!ITH Al\~MONIUM, 
AMMONItJrJ! THIOCYANATE CONCENTRATION 

Coleman Model 11 360 ~ 
3QO'&uranium , , 

l:.ru! t;ffect .2!: Jill 

15 

According to their report, Currah and Boamish al.'ways adjusteCl their 
samples to nH 1.5 before addition of reagents but stRted that pH 1 0 0 may 
be more sstisfactorYG V.'e used 'PH 0 0 9 and t'llso Invest:i.gated the whole pH 
range from strongly scid (below 'PH 0.2) to a region' (around pH 2) where 
Sn&4 hydrolyses. Our pH values are based on the final dilution since this 
should be a better value to use-for comp~risono There was no essential 
pH difference before and after addition of re~.gents at pH 1 and below~ 
We found no change in transmission when the solvtion is kept ,within the 
limits pH 1 to pH 0 .. 20 Thus q'UJte a range in a:eiditycnn be tolerated 

'Provided the solution is kept below pH 10 :From an examination of the plot-
teq exPerimental points (Figure 6), it is noticed that above pH 1 the values are 
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Figure 6 
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erratic and unpredict~ble. CoD oidaJ metastannic acid is especially 
noticeable arounn pH,2 Q There is e disAdv8nt?ee with working at high 
acid concentrations i.n that the th:i.ocy~mate is nttacked I'md decomn()ses 
with ! color intensj.fic!1tion" 1}lle f'rnmd that up to 12 m1niecuiv~lents 
of ~cid added to a, nearly neutral sampJ e l'Ilill not vary the transmission 
appreciably" The range pH 1 to pH Oo:? ~l1ows cuite a bit\ of lat.itude, 
A.nd with experience no troub1 e is found if' pHydrion paper is used to in­
d1e~te an apnroxim~te pHo 

The Elimination of' Iron and C~rbon~te Interference ....- ~ _ --.. -"";';:0...::.;;=-= =~:;.;;.,;=-== 

We round the stannous chloride solution recommended by Currah and 
Beamish to be very setisf,.,ctory for t.he removal of iron interference and 
no other reducing ngent was triec:1 in our hlboratorieso i'e substantiated 
their claim that 2 ml of' the 10%. stannous chloride solution is sufficient 
to reduce 2 mg of ferric trOD.. If more U·s.n' 2 mg of iron Rre present., 
more stAnnous chloride solution maybe added. However, if more is added', 
A COT'~sponding amo1'Dt shoul Cl be added to the blank. 

Since the solution is' adjusted to a pH lower thrm nH 1, the c~rbonqte 
ion is destroyed" we tried the effect of carbonnte ion and found no interg 
ference .. 

~. fffec;t of' Thorium ~ ~r5.um 

Thorium does not interfere in tbe thiocyant:'te method up to L25 g of 
thoriUm in the 25ml dtllltion. If B larger amount of Th is nresent, it can 
be compensated for by aoding a corresponding amolInt to the blank as'indica= 
ted by Currah and Beamish. Very little thorium (2=3 mg) mm be tolerated 
in the sodium sslicyJ ate method so that for smnpJ es containing an lmknovl1l 
R.mount of thorium, the thioey~m..,te method should be used" 

Cerium appears to interfere, '\>1Ii t}-, the salicylate method but dOf's not 
Rffeet the transmission of the t'l!!""'f.Iles analyzed l"ith tte thiocyanl:lte method. 

~ 1::llmin.!!!ti.on .9i lm!.Q. Interference 

A major disadvantage to the use of Ue th1ocyannte~ method is that only 
soY of le~u~ c~mbe tolerated in Procndure A (10 m1 of S M ~mmon1um thio­
cYlmate) and about 500 "If lea(~ in "'rnceoure B (5 ml of 8 M-Rmmonium th1.o­
cyanp,te) 0 . For amounts of lead gre!'lter th~m thisp 1 m] of .3 N suJ furie $lcid 
is added tonrec1nitate ~b;04. Toe solution is filtered through So 'IF" 'sin .. 
tered g] ass funnel int.o !1 25 ml'vo1umetrie fJ ask by meens of the anparatus 
sho"lMl in Fi.gure 7" This worked very s@.tisfactorily and C1'1n be a:pplted to 
any simn~r ~~ork ,,"here fi1tration into a ::volumetric flnsk is needed.. . T.o 
washes with dilute nitric add are sufl'ic:l.ent to trAnsfer all the uranium .. 

~ f.tannous chloride And ammon1.um thi.ocyat:l~t.e soJutions are /'!dded, the mix ... 
ture diluted t.o volume, 8.nd U,s tr!':!.nsmi se; on determined. This method has 
b.een found to remove lead to such ~n extent that if a standardizat ion curve 
is maNe using the r:tbove technloue lldth abont 10 mF!, 1ead, '8 straight line 
resu] ts (Fignre S). Very good reprooucibiJ ity c~n be obtained.. The 

f§~,:;a~ 
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STANDARD CURVE USING LEAD 
REMOVAL PROCEDURE 
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method. has been checked with from'l mg to 50 mg of leAd. vdth 50'( of 
uranium, and lOOJ" to lOOO1f of uranium with 10 mg of lead. Within 
the limit.s of experimental error this method of lead removal is very 
good. 

S. A., Reynolds :in this laboratory he_sfound that lead may also 
be removed by ~recinitating lead carbonRte (Ref. 5). If the solution­
is too acid, it is PHrti~11y neutralized ,dth 6 Ii notassium hydroxide. 
Excess 50% potassium cnrbon9.te is .. .dded to precipitate the ) eRd car­
bonate. The solution -is fil tared anq the precipitate diseo) ved in 2 ml 
nitricacid o - Excess 50% notassium carbonate is added to precipitate 
lead carbol'late again. Two 'Washes with distilled water ore made o The 
reagents- are added, th~ solution diluted to volume, and the transmission 
cOinpared to a stnndard solution. 'Ihis procedure has been used with good 
success in our laboratories with no noticeable loss of uranium o 

Ih2 EliminAtion of Orga~ Matter ~ ~§rogen Peroxide Interfe~e~ 

As m~ght be\ exPected, organic matter interferes -if present ~n ap'c. 
preci""ble amounts (1..5.-20 mg.). However; it can,be easily destroyed by 
a ni trio-perahloric acid treatment. The sampie is evaporated to dry~ -
ness at If38fit once on a hot nlat,e (more nitric "cid evanorations may be 
necessary if large amounts of organic ,matter are nresent) and then ev~po­
rAted. to dryness again with 0.5 m1 concentrated nitric acid, 0 0 5 ml dis-' 
tilled water, and 1 ml 70% perchloric acid 0 1'he residue is dissolved in 
1 ml of 1 ~ nitric acid and the analy~is contimled (Refo 5)0 

The tolerated amounts or-hydrogen peroxide are about 0.02 milJimolcs 
and 0 0 18 millimoles for· Procedures A and B,respectively. If the sa~~le 
happens to contain larger amounts, the neroxide may be destroyed by ro­
tating a !,latinum stirri_ng rod in a hot dilute' nitrlc RC,id solution for 
;~~lO minutes, qepending on the ruilount of peroxide presento 

!b! Interference .2!- M2,lybdehum!! Ruthenium .rum 1el1tirium 

One of the serious interferences is mo1ybde~. Only about 5't Mo 
can be to).erated with Procedure ,A, while over 10 -r will give an appreciable 
arror using Procedure Bo 

Another of the interferences is 'ruthenium, -,,"bieh cannot be tolerated 
in amounts above 10?f 0 Hovvever)l Vi 0 M 0 Byerly has found that excess amounts 
can be remQved as Eu04 ~ by ~vapor~t;'ng the solution to -dryness v'i th 1 m1, 

70% perchloric acid added 0 The residue is dissolved in 1 m1 1 N nitric 
_ acid and the ann] ~.rsis continued. 

Tellurat~s (30 not interfere iIi the tl- iocyanRte method but tel1urites 
cannot be present At ell since they I=lre reduced to metallic telluriumo 
Tellur~te ion seems to be fairly steble in the stannous chloride solution 0 

=~~i~:E 
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Tab1elI 

Maxiumm Allows ble ADl9'Ulllis it. Iatertirim Substqes .ill the 
Deteminatign 9' tl£anlum nth Ammonium Thl991S!l!'H 

~. 

Substance Prooedurg A Pr22Sure B , 

MoO'" . 4 5 7f 10 't 

Rut3 10 ~ 10 ., 

Pb·2 . 50 't soot 
~O2 0 0 \12 romo1. 0.18 mmo1. 

SO= 
4 2 meq. 2 meq. 

Cr"3 1000 t 1000 71 

Hi +2 1000 71 1000 ?f 

No appreciable interference 'VV~~' foun~ in e;perl~nts 
with 1 mg amounts of Th·4

16
Ba , Sn.'" , Ce+3, tat> , 

Y'"3, Zr"4; Be·2, F8+31) Te , 81'-, 1-, or 103-" 

ConcllmioJia 

The ammonlUJ11' thiocyanate procedttte bas been'sbo?l1l to ~ very re­
producible with not many interferin.g substances. Though it easl1y elimi­
nates. ferric iran; which cannot be tolerated in other methods, it is 
subj.ect to other interferences" Molybdenum and ruthenlum cau~e serious 
interference and not much sulfate Can be tolerated •. On the other hand, 
thorium, carbonate, and cerium have little effect on this method. The 
volume of' ammonium thloc;ranateadded is critical B.nd the wavelength set-. 
ting must be watched close1yo 

. By using a 10 m1 dilution volume and a 5 em. nath length, much 
better sensit1Vitl is obtained tQr very small amounts (SolO ) of uran-
ium than with a 2S m1 dilution volume and 1 .. 3 em .. path length. If' stUl 
smaller amounts of UI'lmium need to be determined, the anAlyst can eo to 
lower wavelengths. but this narrOws the range of the method. For general 
routine analysis Procedure B is probably more usefUl but if' other things 
are ~ual smaller amounts of' uranium can be detected by using a higher con­
centntion of thiocyanate (Procedure A) 0 The procedures are adapted to 
quick and accurate (! 2%) analyses provided there are no seriously inter'" 
fering ions present. Four samples in duplicate oan be analyzed in about 
30 minutes if' no interferences are presento 

",,.,,,,,,,,"-,",'{ .-SJ!lHtE'l'. '.-~r~': ,; ·!I.<!:::7:'''h''~ !j;<:::.\:~ .. "" .. ,"'_ '.,' • ~ "tocII,.~ , t .""t!:I...- .' ~ 
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" 
Reagents ~ Anpargtus 

, Ammonium thiocyanate solution:, 8! NH.l..sCNt 609 gm. reagent grade 
ammonium thiocyanate ~issolyed in distilled water, 
'diluted to 1 liter, and filtered through a "FI1 sin-
'tered glass tunnel.. ' 

Stannous chloride solution: 10% by weight, 50 g SnC12.2H20 dissolved .­
in 50 ml conc. ReI and diluted to 500 ml.; This should 
be fil tared, through a "Fit sinteredglass tunnel", ' 

Hydrochloric acid: I! HOI, C.P. co;lcentr'ated hydrochloric acid di-
luted to volume .. 

Potassium hydroxide solution: 11 KOB, reagent grade potassium hydrox .. 
ide dissolved in water'and diluted to volume. 

Spectro1)hotometer: Coleman Model 11 with A pc-6 filter and e: 10 V 
battery source,,;, 

./ 

,Cuvettes: Coleman 13 mm" square or round cuvette sets, or, 5 emo hori ... 
zonta1 cell sets" These should be perfectly clean and 
matched .. 

Recommendgd Procedures 

A. ' 20..2l'0 m;1crograms U Range 

1) Pipette an aliquot of the samn1e solution into a 25 ml 
volumetric nesk .. 

, 
2} Adjust the pH of the solution to a value between pH 0.,2 

and pH 1 .. 0 with 1 N HCl or 1 N KOB(a). 

3) Add 2 m1 ,10% SnC12 solution and shake well .. (b) 

4) ,'Add 10,,0 ml 8 M NH
4

SCN' and shake well immediately. (c) 

5) Dilute to volume and immediately ~f1Pare{d) transmit­
tance with a,blank(e) at ,60 ~o 

Be SO ... lm micrograms U Range 

Same as A eXQept in 4) 0 Add 5 .. 0 m1 g ! NH4f:CN and shake well 
immediate1y.lg-} , ' 

. ~-"'::':! 

~'';''>''iRE:r ' -. ~ .. :.:,. .. :,: " "~ , . 
l!t..,pm';I"'!.';':"~"Jr·"';'-"';..', .. r,{'.~,:~ !~,~.~ .. ,., -'t't Q.'t~\'''''''~ '. 
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C i 5;'150 microgram, 'U Rang, 

Same as A except that a 10 ml dIlution is m~de and the matched 
5 .. 0 cm. cells ~re u.sed to co~are transmittances.. The volume 
of reagents added are modified accordingly: 

lotest 

. (1) 1 ml '10% SnC12 solution. 
, , -

\ , 

(2) 200 ml S'. NH4SCN solution o 

8) Wi~ experience the analyst can use pH,ydrion papero 

, b) A 2' ml dropper oan be used since a !: 10% error can be tolera~ 
W.. ' 

. . + . 
c) A buret or pipet should be used as only a - 1$ error\ca.n be 

permitted .. 

d} This should be compared immediately since ~~ere i8 an intens­
ification of color with time. A reference solution ot 1 .. 5 
mg Cr~3/ml was found to be Sat~sfact0f.Y so that there ~uld 
not be an error with the blank fading.. This reference solu­
tion should. be Comr,ftl'ed as orten as necessary with true blanks 
made'uP and immedfatelycompared. 

e) A blank is made up with 1 ml pf 1 H HOI plus the added "rea .... 
gents.. .. . . 

\ 

t) 360 m}( was about the loviest we could go on our S'Dectropho ... 
. tometer and still cover the range satisfactorily.. See the 

di8Cll~sion of the wave length setting in the rer>ort" This 
setting must be watcbed c1088l1o 

g) With the low ~nium thiocyanat~ concentration, the accuracy 
of the volume delivered becomes more important ~tb a tolerc 

snce of about ! 2_. The Use of a ; m1 nipet rather than e. • 
buret 1s recommended .. 

" ~.,. 
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