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A SPECTROPHOTOMETRIC STUDY OF THE THORIUM-MORIN 

MIXED-COLOR SYSTEM 

By Mary H~ .Fletcher and Robe;rt G,. Milkey 

ABSTRACT 

Thorium reacts with marin in solut i ons at a pH of 2QO to yield a 

single complex that has a thorium:morin ratio of l:2o- The yellow 

complex has a maximum absorbance at 410 mj( and is stable for at least 

7 hours. The sensitivity of the reaction is such that as little as 

about 0.2 microgram of Th02 in 50 ml can be determined using a light 

path of 5 em .• , .An average apparent equil ibrium constant of approxi= 

6 mately l x 10 was found for t he r ea ction.,, 

The effects of acidity, alcohol 7 content, morin content, time, age 

of the morin reagent and temperature of the reaction have been studied 

as have the effect of some other ions o. . Zirconium and aluminum i.nter= 

fere seriously and must be abs ent,. .The interference from :ferric iron 

is also serious but the e:ff'ect may be a:ppre.ciably decreased if hydroxyl-

amine is added to the solution,., _Relatively large amounts of calcium" and 

lanthanum may be present without caU$ing interference, and these ions 

can be used as carriers in separations of thorium from other ionsCJ 

Morin is a sui t.able reagent fo.r the determination o.f thorium in 

pure solutions o If appropriate separati ons are found :for the separation 

of thorium. from other ions, the react1on will be useful :eor the determina-

tion of trac·e amounts of thorium. in complex mater;ials 6 The information 

:presented in this paper is fundamental t o any specific adaptation of 

the react1on te; the analysis of complex materials!> 
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INTRODUCTION 

In work conducted on behalf of the u. S. Atomic Energy Commission, 

the U • . S. Geological Survey bas been actively engaged in an investigation 

of the distribution of thorium in rocks and has found it necessary to 

analyze many samples for trace amounts of thorium~ In this investigation 

the use of existing methods of analysis has demonstrated the need for 

·a very sensitive and, if possible, selective reagent for the colorimetric 

and/or .fluorimetric determination of thorium. 

Because of this need, a search for a new reagent was startedo. To 

date, 93 organic compounds have been tested, for their possible reaction 

with thorium. The conditions for ·the reactions were determined and 

their sensitivities comparedo Of the compounds tested--morin ·--was-; the 

most sensitive. 

Morin, 5, 7_,2' ,4' flavanol, has the structure~ 
o·H 

1-\0 014 

0~ 0 

It is obt.ained as C15H100 7 o.2H2 0 wtth a molecular weight of 338 .. 26, or as 

C15H10 07 with a molecular weight of 302.23, depending upon the m.etho.d of 

preparation.. It reacts with a number of metallic ions under various 

condi tio.ns of acidity to produce fluorescent and/ or colored complexes 

(1,4,5,11) 0 

We are indebted to Dr. Charles E .. . White of the Chemistry Department 

of the University of Maryland for supplying the morin used in this 

investigation .. 

The reaction between morin and thorium takes place under slightly 

acid conditions to give a yellow solution which exhibits a green ~!uo-

rescence when exposed to ultraviolet light o· .Figure 1 shows a spectre-
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photometric curve for the yellow solution (.curve B) and one for a 

' so~ution of pure m~in (curve A) ~ Al tho.u;gh the pH o:f bQth solutions 

was 1~~96 and each contai:ned 600 micrograms o.f m:Qrin per 50 milliliters 

of' ·solution, there was a~so: the equivalent of 5.,0 mg of" Th02 in the 

solution used to obtain the data for curve B ,.. The absorbance spect.ra 

in figure 1 represent a system highly favorable for quantitative analysis 

because the peak of the morin-plus""'thorium curve aceurs at a paint where 

the absorbance for the m.orin is essentially zero-, and the ]?eaks ·of the 

two curves are W'ell se:parated (350 m/t for ·marin and 410 m.)c for morin 

plus thorium) • 

. Both the color and fluorescent syste.ms were studied in order ·to 

evaluate the suitability -of ·marin as a reagent for the quantitative 

determination of trace .amounts o:f thoriumo .A discussion of the speetro-

photometric study of the color system, and a ~thod for the determination 

of thorium i .n pure solutions are presented here" This information will 

be fundamental to any spe<e ifie adaptation o:f ·the reaction :for the 

determination of t horium in r o.cks or ·other materi~ls .. 

Beekman DU q~rtz spe.ctrophotometer 

Beckman pH meter 

Morin~ CJ.sH:Lo07~2H2.0 (noJ.Ii- "Wta 338~26) of high purity 1mS Qbtained from 

-Dro .Thead.Qr Scb.}lehardt i;o __ M.Unchen~ G.erznanyo .Solutio;np o'f ·marin Q)f the 

strength desirea :wer·e :prepared by dissEilvi:ng the so;lid. material in. 9.5 

:pe.rcent ethyl al.eo.hol. The :reagent adopted for use in ana.lysi.s con-
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tained 1 mg of' marin per milliliter o:f a lcohOl o 

. Standard thorium so-lutiGns : StGck solutions (:)Jf' thorium chloride and 

thorium nitrate w:ere prep~red by di~~-olving the respective salts (C ... P(> 

grade) in 3 percent hydrochlori.c or nitric acid~ These solutions, which 

cGntained the equivalent of 100 mg o.f ThOa per -milliliter, were standard-

ized gravimetrically by :precipitation of' the hydroxide wi tl1 ammonium 

hydroxide which had been .freshly prepared from tank ammonia gas~ after 

'Which the thorium hydx'Q.xide was ignited to Th02 a:nP, :weig}lede }1-()rking 

solutions were :prepared. from the stock solilitions by d.ilutio-n with 

distilled. water .andil when necessary~ by the addition of more acid!) The 

acidity of all working so.lu.tions ·was adjusted t .o give a pH of l-09 to :2~0; 

thorium solutions are stable a t this pH (7) 9 

Hydroxylamine hydr·ochloride ~ C <>p .(> grade 9 a 10 percent solution in d.istille_d 

· Mat_erials tested as :pQssible interferences~ Stoek solutions of t _he 

and $ircOnium w-ere prepared in nitric a c id and dil'Qted as required to give 

.~t-~~t1-~ . 0,£ ,,;e~~;t.j.OJ:lS .· f'O~ - -~~ 

~~~.;t:t-ivi.tY.. ?.7A4/~~- ,st~:p4,li,ty 
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procedure was used for the preparation of all solutions: 

The acid was added first, followed by thorium and 

enough water to make a total volume of about 20 ml .. 

After the solution was mixed, 2 ml of' marin reagent 

-was added, and the solution was mixed agai.n.. The 

volume -was adjusted to exactly 50 ml, the so,lution. 

was given a final mixing, and after half an hour, 

the absorbance was measuredo 

In each of the subsections which follow, one experimental variable 

is considered, its effect on the color evaluated~ and the optimum 

condition for maximum sensitivity or stability selected .. 

Acidityo--The mo·st advantageous pH was determined from absorbance 

and pH measurements on two series of solutions" In the first series, 

each solution contained 2o0 mg of m.orin_; and in the second series each 

of the solu.tions contained 2o0 mg of morin and _also the equivalent of 

15 micrograms of Th02 as the nitrate, thus simulating conditions for 

thqrium analysis o The to.tal alcohol content of each solution was 2 ml, 

but differ·ent amounts o-f nitric acid were added to the solutions so that 

each series covered the pH range of 1!>4 to 3 .. 0.. The absorbance at 410 m)r. 

and the corre.sponding pH values for :the S()lutions of' ·pure morin (1) 

and for those which contained both morin .and thorium (2) are shown in 

figure 2b In the pH range of' lo.4 to 2<>0~ the absorbance for the morin 

solutions remained constant but the absorbance for the thorium solu­

tions · increased continuously.. A pH of 149 to. 2o0 vms selected and 

maintained in all subseql_lent work because it was in the region oi' c·onstant 

absorbance for :the morin, and it was believed that less interference 

fra:m O-ther io-n~ would result here than at 'a pH of' 2c4 :where the sensi-
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-tivity vnas slightly higher ·and at a maxim:um .. 

Other ,experiments ShQ--w:e.d. no essential _di:fferenee in the rea-ction 

when either hydrochloric or nitric ac'ids were used. -.Although perchlo.rie 

a .cid may be. employed, -sulfuric acid cannOJt be used becaus.e sulfates 

complex thorium to su-ch an extent that no col.o;r develo:pse 

Al.C®.QJlo"""'"Tw~ series of' soluti-ons were prepared with an ·al.eohol 

content rangiRg from _2'· tGJ 16 ml in each series ., Each solution or t .he 

first series · eon.tained 2<>0 :mg o:f oor·in only, and each sol.utio.n o:f the 

second series contained 4oo micro-grams of ntorin eo-m:plet.el.y coverted to: 

the colored CQmplex by an. overwhelming -excess O:f thorium (50 ·mg Th02) t> 

. The -eu.rves tn figure 3 show the rel.ati();ashi:p b-etween . the absQrb.an~e 

at 410 m.;t and the al~ohol content for these solutions~~ WheD.. the aleQhGl 

is in.ereased ftOm 2 to 16 ml ~ the apsorbance :for ·pure m:rin increased 

.37 p.ereent (l) 9 and the abso:r'ban.ee for the cam:Plex decreased 2 percent 

(2) G· . The ·diftereRee in. ab5orb.a:ae·e between the t~ curves at ··any ptint 

in.ciieat.es the se.nsitivity o;f' the m:es.surem¢nt. ft1r a giy.en aleQhQl contento 

.The over-all sensitivity ~f the measurements 11 when t.he v~lu.es are on the 

basi; Qf ·eq;ua.l light :paths~ de.ereas:ed. about 6 perceat when the alcohol 

was. !ncreased. trQm 2 tQ: 1,6 ml Cl . Ina.~l111ieh ·a.s the sma.ll.er ·amo.Ull..t of' alcCJhol 

is o.ptimum fox ma;ximum sen.$it,ivity-9 a total aleO'hol ·content ~f 2 m1. was 

ati.(i)ptei i:n the standard. :prorcedureQ 

T;b!.~ ~f ~~El;flClJ.'Qi~"" -~H.aving established the -acidity a.l1d ·aleoh.Ql c~tent 

.far tb.e st:~tlJ;>rttl:ced:u:re 9 ·:the st~bil_ity ot the cO:lQr was determined by 

per.iodic ·absQ-rba.n.ee readings @:!1 three so~u.tiGns 'r! The first s~)-utien 

e(i)n.tained 2o0 zng ·Of mo,;rill.J the secQnd eQ:ntaineii the e"{u.ivalent Q.f 15 

mierQg:raril$ o-£ ThO~ cDniplete~y converted to the e:ol(ltred cGlJtplex b.y ali. 

exeess of mo:rin (2~Cl mg); and the third contained .4o.o :n:derQg:rams of m.~ri:n 
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e()trlJ?letely ·converted te the colored complex by an excess. o:f thoriUll'l 

(50 mg Th02)_ ., .. 

The absorbance- at 410-_ .nyt :for -each solutipa? :plotted as a ;fu,.uct ion 

of' ·the time _ elapsed 'between. pre:paratiQn o-f - the · sQlution and na:ea:sure:ment. 

o:f its absorba.nce, is Ethown in figure 4 wh-ere the curv-es in:diGate 

pract.ically c(l:m.stant absorbance .for ·at ·least 7 hours o In solution one, 

vhe~e the cl'lange was greate$t g' the total change in abst)rba:aee during 7 

hsu.rs -wa.s about 2.5- ];l.ercent which is within the accepted experimental 

-error for :co~orimetric wrk ~~~ .After a. period of 24 hoU:r-~ ~ · t .he ma.4imum 

change in t::t:bsorbance occurred in so-lut_ion 3.,_ The drop he:re was ab-Gut 4 

Itercent " It may be concluded, therefore~ that the color ·of the solu= 

tions is quite stable o In the standa;rd. procedure P one .... lJalf hour 'WaS 

allowed £or the eola:r to reach equilibrium be:fQre the absorbance was 

measurede 

M,orin .~q.Ace:n.trt::Jij';_i_on~ ¥'""'Two series af solutiOll.S- were prepare.dj in the 

first series~· each c1f 23 sQlutions c~tained 15 m:ierogra;ms o:f Th02 - and 

-a,n amount .of trl.Orin ·w'hich ranged from 0 to 4000 m:icrctgraJl!S; i .n the se.cGnd 

series~ ea;ch ~ 9 selutio~ eo.nta.in.ed mori:a alone an.d in an a;m.a:u.nt whi.eh 

ranged frQm 0 ·tQ, 4oo.o mic;r~grams ., A curve ws d'.ran for -ea.-.eh series of 

solutiQns shewing the a'bse.rbanee at 410 nt;t as a f\tiletlo:a of the original 

morin. co.nt.ent ~ SuotraetiQn .O-f the e:rd..irl,a.tes ot the eu.rve :r(Jr the :men" in 

blanks :r.ra.m the ortiinates of the -curve far the solutions ·which contained 

thorium. as well as IrJ.Q;rin ga.ye the absorbanoe d"U.e t:o: t .he e()mplex4 _These 

values -were useci tQ. prepare -the ~u.:rye in figure 5 1 wb.ieh~ in ef.feet, 

shows the amount of c()mplex forme;d as a tu:act.i.o:n ot the original IllQrin 

content of t .he SQlutions an.d indicates essentially :cdml>lete reaction when 

2500 micr'ograuw 0-:t' mare o! m.~rin :are pre.sent e 
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In other similar ·experiments~ a precipitate :formed in solutions con~ 

taini.ng 80 micrograms of Th02 when the morin content was as low as 2000 

micrograms; precipitation also occurred 'when the Th02 was reduced to 50 

micrograms if the morin content ·was increased -to 2800 micrograms or more • 

. Accordingly, 2000 micrograms of morin was selected as the . best comprqmise, 

because this amount gives practically complete reaction~ and also insu;res 

aga:tnst precipitation for ·as much as 60 micrograms. of T.hO?& 

-Age .of ·m;qrin ;reage~t solution_,=-Three solutions of morin reagent 

which bad been standing in the laboratory for var'ying periods of time · 

were tested tq determine if" the reagent deteriorates with age o Ea.ch of 

the three rea_gents was used to prepare a standard blank containing 2 mg 

of' morinll and each wa~ also used to prepare a solution of the complex 

using .4oo mierograms of' marin pltis 50 mg of Th02 e The absorbance values 

at 410 m;f for the solutions of blanks and complex as well as the age 

o.:f the marin reagent are presented in table 1~ It will be seen that solu= 

tions o:f' morin in ethyl~ alcohol are essentially stable :for at least 4 

months under usual laboratory conditions and ·that use of' ,marin solutions 

several months old ':will introduce no gross errO;r'He: 

. TemP.~r~t~e~=-The effect of tem:Perature on absorbance was checked 

in an ap:proxi~t.e :man:ner 1 as follows~ 5'00 ml o:f a solution which cono.. 

tained the equivalent of 15 .micrograms of Th02 and 2.,0 :rng of mor::Ln per 

50bml -was prepared ana divided :t.nto two parts o One portion was warmed 

in hot water to about 4o C a:nd .the other portion was coo],.ed in ice 

water ·to about 5 ,c() .The temperature of these ·two solutions was then 

allowed to.· come to equilib~ium at roam temperature .. . lhl.ring the period 

that t .he temperatures were approaching equilibrium, porti-Ons of each 

solution were removed periodically~ ·the absorbanGe 'WSaS ·measured, and 
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Table 1.-=Effect of age o.f morin reagent on absorbance 
measurements. 

Age of 'morin 
solution 

l day 

3 months 

4 months 

3 weeks 

3 1/2 months 

4 1/2 ·months 

Absorbance 
Morin 

2 .. 0 mg/50 m.l 
solution 

(5Qcm cell) 

0~235 

_ri235 

.,242 

Complex 
400 micrograms morin 
plus 50 mg Th02 /50 ml 

so.lution 
(l=cm cell) 

Oo492 

o481 

6481 

the tempera tu.re of the solution recorded() . The values for the absorbance 

and the corresponding tenq>eratures are shown in figure 6 o It will be 

noted that changes in temperature affect the absorbance readings some-

whato-. The effect however is small for such variations as generally 

o-ccur in room temperature- over a period of a .few hours .Q Nevertheless~ 

care must be used in comparing absorbances obtained on different days 

or in diff'erent seasons of the year if there is a possibility that the 

measurements were made at greatly different temperatures., 

NATURE OF TEE REACTION 

Selection o:f the cqnditions for the co.lor development was follo:wed 

by an investigation o.f' the reaction to .determine whether it is stoichio .... 

metric and to ascertain the number a.:nd camp6si tion o:f the co-mplexes 

which might be formed~ -Sixteen solutions were prepared; each contained 
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600 micrograms of 1110rin and an amou.Tlt of 'thorium nitrate which ranged 

from 0 to 50"3 mg of ,equivalent Th02 _., The absorbances of these solu­

tions were measured at di~ferent wavelengths and spectrophotometric 

cu.rves were preparedo The resulting family of curves are shown in 

:figure 7& 

The occurrence of an isobestic point (2) which is sho-wn at a wave­

length of approximately 372 m~ ~ in figure 7 ~ indicates that only one 

complex d.s formed; such a family of' curves with an isobest1c point is 

very strong evidence t:h..at only two light""absorbing components~ in this 

case morin and complexll are present and in equilibrium. (9,l0)e 

The changes which occur in the shape of the curves as the compo= 

sition of' t he s olutions vary again indicate that only one complex is 

formede Curve 1~ (figo 7) is the curve for p'UI"e marin$) and the other 

curves , in numerical order, are for solutions containing larger 'and 

larger amounts o:r thorium~> As the amount of thorium increases~ more and 

more complex 'Was :form.ed in the reaction represented by the equation ,. 

x Th4 + + y MoH ~ ThxMy + yH+ (where MaH = marin) 

Thus 1 )t:i th each additional increment of ·thorium~ there was a corresponding 

·decrease in the amol.Ult of free morin, which was revealed by ·the dimin­

ishing absorbance o~ the peak at 3·50 m.;t , Simultaneous. With the 

·diminution oi' this peak -was the development of :another peak at 410 Il)lt o 

The second peak is characteristic of the complex and. tb.e value of its 

absorbance grew larger -as the amount o! complex increasede _When the 

thorium ·content reached ·_about 7 ·mg of' equivalent Th0~11 :further increases 

up to 50o3 .mg of ThOg resulted in less than a two percent increase in 

the absorbance at 4+0 m A o. 

This ·last point is demonstrated. mol:'<e clearly in figure 8 where the 

absorbance readings at 410 m;? were plotted as a function of the thoriUJIJ. " 
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·concentration. In :figure 1 ~ a single curve resul tea from solutions 14, 

15~ and 16 and this curve represents the absorbance spectrum f or the 

pure complex • 

. :OETE!MINATION OF THE COMPOSITION OF THE COMPLEX 

After establiShing that only one complex is formed~ the method of 

continuo~ - variations (6~12) was used to determine the -co!Dl'ooit;ion of 

the cO:mplex Q Twenty=eight solutions were prepared!' e~h contained 

thorium and morin in different :proportions,; hut in each solution~ the 
=6 

combined concentration of thori'!.w and morin w.s a:twa:ys 3 x 10 roleso 

The absorba.nces of these SIC)lutions ·were measured at three different -wave .... 

lengths j and for :each measurement ~ a value Y was rcalculated 'which was 

equivalent to the d.if:feren.ce 'bet:ween the measured a'bsdrbance and the 

absOrbance the solution would have bad if there had been IIll.O: reactiono 

These values for YP plotted as a function o:f the composition o.f the so1.u ... 

tions are given in figure 9 ~ a s eparate {;u:rve was prepared :for each of' 

the three wavelengths o Jgb~ and Vosburg and Cooper (6:112) have shown 

that the value C)f Y at each wavelength is at a ma.:ximum 'When the greatest 

amount o::f' complex is f'ormedo . This occurs wen the ratio of the molar 

amounts of the two reactant.s is exactly equa.l to their ·combining ratios., . 

. .All of the curves in fi~e 9 reac;h a peak at the sa:me abscissa. 

At this pg;int . the mles of morin are essent.ially t:rlce :as great .as the 

moles oi" 'thoriumo The ratio of thorium tg ~rin in the ~o~lex is there-

tore one to two, an.d an abb:rertated f'orm:u.l.a f''Or the c01mplex may be 
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written as ·ThM,z o A possible structure :for this complex is 

ou 

'HO 

ot+ 

Otj 

where X is a univa.lent negative ion .such as Cl = or ·No;~ 

In addition to giving the m(}le ratio o,f thorium to morin in the 

cc.nriplex~ the curves in figure 9 also substant.iate the earlier con-

clusio;n that only Ql:ne cGmplex is forme.d., The curves f'ar three different 

wvelengths all show peaks at the same molar ratio:; moreover$ all of 

I 
the curves are smox©>th and continuous~ r~ SJecrCJndary peaks appear, and 

the -curves are .concave with re~pect to the abs~issa ~- These character= 

isti:cs all ind,icat_e the f'orma,tion of' a single c~mplex (12) ~ 

The conclu..sion that the mole ratio ef' the thorium to morin ±n ·the 

complex is one to ·tw:@ ~ substantiated according to the slope ratiG 

method. (3) by absorbance measurements at 410. m;t on two series ·of ·solu= 

ti()DB ~ . The f ·ir.st series contained a~u.nts of morin which ra.ng~d from 0 

to. 1000 m:Lerograms and. an excess o£ thOJril.lltJ: (50 mg ThO;a) which insured. 

complete reaction. of the mri.n to :form cOJm:Plex.,. The se.eond series co-n..,. 

tained amounts of ThO~ wh;ic;h ran,g~d from 0 to .30 mierograms and .·.a.n. e:x¢ess 

o£ lllO:rin (2if0 mg) which was sufficie.nt ta insure esse.ntially conq;>lete 

reaction for the ~:mall a1D.Gu.nts af thoriunl elll.Ployed~ 

In :figure 10 the absorb~nc.e and co,r:respondi:ng ~0les O:f' m():rin per 

liter for the first series o;f ·solutioJllP ~re shown in cu.I"Ve 1~ whereas 
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second series are shown in curve 2. 

The slo:Pe of curve 1 is 2"092 x 10
4 and represents the rate o:f 

ch~nge in the absorbance of the complex :per mole of mo.rin complexed. 

The slope of curve 2 is 4.105 x 104 and represents the rate of change 

in the absorbance o_f the complex per ·mole of' ·thorium c:omplexed.. But 

absor:Q:ance is proportional to: the moles of ·complex formed~ therefore 

$lo;pe 1 
Slope 2 

= 2.092 X 104 
.. _ . 1 .. _ .· .. ·. A Ab90rbAAee .mole qf .. mQrin . 

ll:io5 x 104 _;;:;: 1&9b= A Ab~orbance moXe of thorium. 

A moles of' 120mplex mole .of morin - 1 
and 4 moles of co1nplex mole of thorium =--2-

thus ·sub.stantiating the earlier conclusion .. 

The linear relationships shown in figure 10 indicate that light 

absorption by the complex foJ.:lows Beer's law: 

P .; =PolO 
-abc 

0 <> cJ, 0 tt ,D · ( 1 ) 

p transmi tte.d radia..nt power 

.P0 = incident radiant :power 

a ::::; absorptivity or s.:pecific absorbance 

c = absorpt_ivity when c is expressed in moles 
per liter 

b = internal cel.l length 

c - concent.ra.tion of complex 

Thus, -the absQrban.ce 1 A = abc or Ebc () 0 r.f· 0 '0' ,'>_ 

and the absorptivity, a = A/be 

(2) 

(3) 

and. e = A/be when c is expressed in m.o.les per liter .o. o ~ .. e r.: ( 3a) 

The molar ·ab-sorptivity ~or ·the colllPlex, €T~f may pe determine€1. 

from. curve 1 (:f'igo 10) which gives the change in ab-sorbance of ·the complex 

per mole -of' marin complexed~ Ho,wever, as ea:ch. mole .of complex contains 

two mo-les of _moriA, twice t .he slo:pe of curve 1 gives the change in. the 



absorbance of the complex per mole of com;plex, which i s c ThM
2

" 

Equation (3a) was used t o determine the absorptivity for morin 

using the data from the curve in figure ll which shows the absorbance 

values :for a series of pure morin soluti ons o 

The absorptivity values at 410 mj are as :follows: 

For the complex For pure morin. 

c :::: 4,184 x 10
4 liters/mole 

ThM2 
x em € M == 3o767 x 10(2. x liter/mole x em 

aM := 1 "•120 x 10 -s ·cm
2

/microgram 

DETERMINATION OF COMPONENTS OF ANY SOLUTION 

AND CALCULATION OF EQUILIBRIUM CONSTANT 

In any solution composed of severa l components which absorb light, 

the total absorbance of the solution is equal to the sum of the indi= 

vidual absorbance s <!> In the morin=thorium s ys tem there are only two com-

ponents which absorb light)) morin and the c-omplex~ T~a 

If X ~ mol es of complex per liter present 

M = t otal moles of ·morin per liter added 

Y = moles o~ uncombined morin per liter 

Then the absorbance, All of any given solution can he expressed as 

60C>e>eo (4) 

The marin o:rigi.nally added i s distributed between the combined .and 

uncombined states 9 and each mol e of complex contains two moles of 

·combined ·morin e 

Thus , the t otal morin, M = Y + 2.X •ooee•- (5) 

<> " .. "0 .. . ( 6) 
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Substituting in equation (4) 

A = t (M = 2X) + c . X 
b M ThMz 

Using equation ( 8) ~ the mol:es of complex per liter formed in ~ny ~olu-

tion can be calculated~ as can the amounts of un:cQ::mbi.ne,d. mrin an~ 

thorium~ The:se values may then b:e used to calculate the apparent equi-
/ 

libriunt eonsta.nt :for the reaction 

+4: . . ~ · . ++ + 
Th - + 2 .M,R ~· ThM~ + 2H. 

according to the equa:t.ion 

l<equil o. 
.(T8& +t) . (H+)~ 

. (Th+.4:)(MH)~ 

In this study 9 the concentration of the hydrogen ian 51 (R) 9 1rniS ·constant 

at (10~2 ) because a plt Of' 2 o0 was maintained in all solutions o 

The a:pparent ·eCJ,:uilibrium eonsta.nts calculated :frO·m the data for fO'ur 

sets tfit solutiQ:n$ are giyen: in the a:ppen.dix ( t .ab.les 49 5$ 6, an:c1t Y) J t .he 

:far ea:eh. soJ.u;t:;;iGn a.r:e ~lUtied in these tables fi .$C)lme :Qf' these nata hay.e 

alreaiy been present·ed in .other ·ways!! .F~r :rommple 9 the absar'banc.e 

v:a.lnes an.d the thQr:ium ;egncen.trations in table 4. wer.e used :P.fey;i.ously 

thcirium~ and tota11lll{1)l.a.:r '.ep.n.t.ent aU va~ied~ The. mean :ap:parent .Kequilo 

6 
tieriye,d t'r~m the.se :f~l:Q:" sets Qtr· 'S~~ut:i.o$JS w~s ap:pr~imate1.y 1 X. 10 .• C> 
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EFFECT OF OTHER IONS 

considerea as :poosible serio:us inte:rfere~es ·be©t~:use o.f their tendency 

substaaces with morin i~ gi.ven in table 2o 

. Table 2:~,.,.""Weig)at of' vari~us SU:bs.'tall:ees in '5.Q ml of ·sal.ution 
vthieh .are equivalent to an £tb~orbanc-e dif.f'e:re:aee of 

O()QlO at 410 m._A when .measurements are li!a.,de 

Substan~e 

ThO a 

zrQ~ 

Al20$ 

in a 5~~m. c:ell~. 

Fe~ (in pre~e:race ~:f 
hyQ:r~yla.lni~) 

u 

Pb. 

cap 

Mierogralf!Sl equival.eat to 
0 .!)01 a'bsG!"bance 

0,459 --'i 

0~79 

11'3 

15-~·6 

28e.6 

89~. 

5QQ.o 
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present o Thus~ i.f an accuracy of 90 percent or better is required in 

the determination.? the .ratios of the i nterference to ,Th02 must be less 

than the values in table 3o 

Table 3o==Weight ratio of interf'ering substance to ThOa :for 
90 percent. accuracy in determination of Th02 o 

Substance /ThOe 

·Zr02/Th02 

Al2 0s/Th02 

FeaOs/ThOa* 

La2 03 /Th02 

Ca0/Th02 

*In presenc-e of hydroxylamine 

Ratio 

Ool/1 

2/l 

4/1 

102/1 

5360/l 

Zirconium .and aluminum are serious interferen~es and must be virtu-

ally absent "When t r a ©e amounts tOJf thar:i.um are deterrnined<> Both of these 

ions can be separated frgm thorium by making repeated precipitations of 

the thorium wi. th hydrofluoric acid 'With use o.f a carrier o Interference 

f'.rom: ferrie iron is serious alsol) but· the effect is appreciably decreased 

if the iron is ,reduce.d :with hydroxylam.:lnea .As much as 400 mg of hydroxyla.= 

mine may be added to the solutions 'With little -or no effect on the reaction 

between thOJrium and _1nQrin; in fact 9 hydroxylamine is nov added as a 

standard practice to . all aol.utions p . !!.'he interference from relatively 

therefore 9 be used as carriers in separations of' ·thorium from o.ther ions~ 

Because the separations necessary to remove zirconium from thorium woul.d 
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separate most of the other ·cations as well~ no further studies were 

made with other ionsQ 

.Having established the effect of various factors on the color of 

the cGmplex formed in the reaction. between thorium and morin~ the standard 

procedur·e finally adopted for the preparation of soluti0ns for the deter= 

mination of thorium may now be given in detail o 

DETAILED. PROCEDtmE FOR THE DETERMINATION ·oF THORIUM IN 

PURE SOLUTIONS 

The ~olored solutions are generally prepared in 50""'ml glass ... st<Jppered. 

gradlla tes or volumetric flasks o 

1 $ Add l~O m.l of 0(>63 N HCl or BNQ3 .. 

2 o .Add the solution containing not more than 6Q m.ic:r.ogram.B of Th02 o 

and .free from other ions o 

(The pH o:f thorium soluti~ should be previously adjusted t .o 2 o0) 

. 3 o Add 4 ml of 1.0 per©ent ~~lution of hydroxylanrine hydrachlaridece 

4a .Adjust volume to about 20 m.l with water)) and mix .. 

5o .Add 2 oO m1 o:f D'JO'rin reagent ( 0 o 10 percent in ethyl alcoho:l) ~ 

6q Mixc. 

7 o. Adjust volume to exactly 50 nil with dj.stilled ~tera. 

· 8 Cl • Sta:pper a:rul m.:ix thoroughly') 

9o After half an .b.cru.r measure absorbance at .410 m;t o 

A. standard eurve derived from knOlat amounts o.f Th02 in. solutions 

:prepared according to the above p:ro.cedure is given in f'igure l2o .The seasi"" 

tiyity oi* the reactio:rt)l as obtained. from this ~urv.e u.sillg .sanP,.e.ll' s 

criterion (8) of' _an absorbance difference of Oo.OOl as the limit.· o£ deteetion~ 

is 0&0070 microgram of" Th02 per .errf2a This means that 01).0014 micrOgram 
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of Th02 per ml can be detected using a 5-cm light path. 

CONCLUSIONS 

It may be concluded that morin is a suitable reagent for the deter-

ruination of trace amounts of thorium in pure solutions" As little as 

about 0 .. 2 microgram of ThOa in 50 ml can be determined.. However, the 

reaction can be adapted to the analysis of complex ~terials only after 

suitable separations of thorium fromot:Q.er ions have been made .. 
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APPENDIX 

Table 4 . ~=Apparent equilibrium constant with the morin concentration 
the same for all solutions (3o548 x 10=5 moles per liter) and 

the concentration oi' thorium varying ., 

Number Absorbance Components originally a dded 
at 410 IDft Moles IllOrin Moles thorium 
J. ... ·cm cell per liter per liter 

1 o.,oeo 3e548 X 10=5 
0 

2 ~140 doo: Oo3809 X 10=5 

3 _,238 dOc Oe7617 X 10""'5 

4 o336 do o lnl70 X 10.,.;5 

5 o40l do o- 16523 X 10.~5 

6 o456 doo 1~ 904 X 10=5 

7 o492 doo 2o285 10 
=5 

X 

8 o540 doo 3., (}47 X 10""5 

9 3o.809 
=5 

o575 ®., X 10 

.. 638 7~617 X 
=5 

10 doo 10 

c688 
~s 

11 doo l5 o235 X 10 

'1116 30o470 
=5 

12 doo X 10 

13 10 730 do o 60$939 
""5 

X 10 

14 a740 doo 116 ,99 .X 10""5 

• 740 228 o52 
"'"5 

15 do., X 10 

16 o740 do e 380o87 X 10~
5 

Average 

Apparent 
Kequilibrium 

== 

Oo4850 X 10
6 

Oo4268 X 106 

o~483l X 106 

Oo6072 X 106 

o~6944 X 106 

Oo7262 X 106 

Oo7837 X 106 

0 .. 8921 X 106 

l o065 X 106 

2ol14 X 106 

5 ., 747 X lo'e; 

25 o64l 
6 

X 10 
(omitted from ave rag 

--
= = 

~-

6 
1 ., 28 X 10 

e) 



Table 5. ~-Apparent equilibri'um constant wi ~h the thorium concentration 
the same fo:T all solutions (O o3809 x 10~5 moles per liter) and 

the coneentr a;tion o.f' morin varyinge 

Absorbance -components originally added 
Number at 405 Mol es morin Moles thorium 

.Apparent 
Ill;f' Kequi1ibrium 5=cm cell per l:tter per li.ter 

1 Oo006 0 ·.,= 

2 o064 I Ool774 
~'5 

Oo.)809 10""'5 6o378 10
6 

X 10 X X 

3 9127 I o3548 X 1065 do., 3,425 X 106 

I 
10=5 106 4 .. 187 I !Y5322 do .. 2o274 !: X X 

' \ 

5 o246 ! 97096 X 10 
=5 

lo934 106 
dOo X 

I 

6 ~ .. 9461 
=5 

1o582 l.06 Ci321 ! X 10 do" X 

I 

7 o343 f 1~064 X 10=5 
doe 1.,317 X 106 

i 

8 o376 
\ =5 

lo238 10
6 

I 1 ~183 X 10 do& X 

I 
I 

10=5 106 
9 s)86 

I 
16)301 X doo. 0.,9930 X 

10 o449 
= 5 

e9506 10
6 

I 
1 ~537 X 10 do·o X 

11 o472 1 .. 77'4 
ei5 

106 

! 
X 10 do,¢. 

~ 
o7215 X 

12 o504 2 ., 010 X 10-5 
dOo o6173 X 106 

13 o538 2o2)+7 .X 10=5 do f) 

t 
,5540 X 106 

14 e553 2e.365 X 10.=5 dOc ! "5263 X 106 
j 

15 2o661 
~s J 

o4792 106 e-591 X 10 db f) 
; X I 

,;t6 e~-691 
-5 I 

o4228 10
6 

2~957 :X: 10 do" f X 

l7 .641 )o548 10=5 i 
e2768 10

6 
X dOo I 

X 

18 e.698 4e7)0 
""-5 

el605 106 
X 10 do·o X 

19 ~782 5o913 X 10 
=5 

106 do., o1379 X 

20 .860 7 .. 096 
=5 I 106 

X 10 dOo . .. 1322 X 

" 
Aver.age 
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'Table 6 ....... Apparent equilibrium constant with the Ieonce:ntration of 
thorium ·and morin both varying continuously. Total rnoles 

Th + morin constant • 

. •. 

.Nu.mber 
Absorbance 
at 410 ty( 
l""'c.m cell 

Moles m:(,)rin Moles thorium 
per liter ·per liter 

Apparent 

Kequilibrium 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15· 
16 
1.7 
18 
19 
.2() 
2l 
22 
23 
24 
25 
26 
27 

Oo023 
~198 
1'·240 
s.282 
~321 
<t33.8 
~396 
-li424 
o45l 
,.473 
a487 
6489 
.5.01 
o505 
oli-97 
,.500 
o.495 
~481 
!1478 
Q462 
iP434 
~1+20 
$402 
:fi323 -

·o~O 
ol97 . 
.103 

"'""' cd5 
5.,46 X 10 
.. ··.. . ""'5 

5<S32 X 10 .,;
5 

5~18 X 10 
4 ""5 5<>0 X 10. 

4.90 x 10=5 

4. o 76 X 10""'5 

.4&62 X 10""5 

4'o48 x 10=5 

4o34 X 10=5 

4 -5 o20 X 10 
4o06 x 10""5 

=5 4oOO X lQ 
3o92 X 10""5 

3o 78 X 10""5 

:?o64 X 10=5 

3o'50. x 10=5 

3o36 x J.0""
5 

. . . '"'5 3 ~2'2 X lO 
) .OJB X 10-5 

2 sox 10. - s 
o. . ·.· .,;,s 

2o:66 X 10 
2.52 X 10""'5 

6 ="5 
ltS9 X 10 
1,,68 X 10'"'5 

. ..· .. ·.,..s 
lol2 X l(J 

6 · ""'5 
~5· X 10 

1~22 X )..06 
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Table 7.,--Ap:parent equilibrium constant with the concentrations of 
morin 3 thorium, and total moles Th + rnorin all varying continuously., 

-----
Absorbance C omp~!l-~_:t;!ts originally added Apparent "----Nu.niber 

410 ~ 
Moles morin Moles thorium 

Keg_ui1ibrium per liter -per liter 2-cm :cell 

l 0.,039 5o60 X 10~5 0 I ~-

I 
-5 ~5 6 

2 0 730 5o4·6 X 10 1.,08 X 10 0.,2545 X 10 

3 o870 5e32 X 10 
-5 

lo36 X 10 
-5 

.2778 X 10 
6 

4 l oOOO 5o18 X 10 
~5 64 =5 1., X 10 o3234 X 10

6 

5 1 .. 092 
. =5 

5.,04 X 10 1.,92 X 10 
-5 e3460 X 10

6 

6 4.,90 X 10 
-5 =5 

o4·237 .X lQ 
6 

1 .. 190 2o20 X 10 

4o76 X 10 
=5 

2e~4.8 X 10 
~s 

o4525 X 10 
6 

7 1~239 

8 .lo27l 4o62 X 10 
-5 

2., 76 X 1.0 -5 o4902 X 106 

9 1.4)294 4o48 X 10-5 3.,04 X 10 
~5 

e5435 X 10
6 

1.280 4.4>34 X 10 
~s -5 6 

10 3.32 X 10 .. 5291 X 10 

4.,20 X 10 
=5 -5 

o5780 X 10 
6 

ll lo279 3e60 X 10 

12 1 .272 4e06 X 10-S 3.,88 X 10 -s 
e6329 X 106 

13 1.268 4., 00 X 10~
5 4aOO X 10-5 ,6711 X 106 

14 1.,249 
-s 

4el6 X 10 
-5 

e6579 X 10 
6 

3.92 X 10 

15 1.217 3e78 X 10 
-s 4e44 X 10 -5 o6623 X 106 

16 3o64 X 10 
-5 

4.72 X 10 
-5 

.7194 X 
6 

1.,192 10 

=5 -5 
o8403 X 

6 
17 1 .. 173 3o50 X 10 5c00 X 10 10 

18 lel25 3,36 X 10 -s 5 .. 28 X 10 -5 o7937 X 10 
6 

1.,098 
-5 

5.,56 X 10 
-5 

.9174 X 10 
6 

19 3.,22 X 10 

20 1.061 3 .. 08 X 10 
-5 

5.84 X 10 
-5 

1.,004· 
6 

X 10 

21 .. 965 2o80 X 10 =5 6e40 X 10-S o9615 X 10
6 

2.,24 X 10 
-5 -5 

1.,056 
6 

22 ., 779 '7.52 X 1.0 X 10 

23 .,610 1 .68 X 10~5 8.,64 X 10=5 2.,045 X 106 

Average Oo699 X 106 
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