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INTRODUCTION

In the liquid metel fuel resctor the breeder blenket
18 2 suspension of thorlum bismuthide in bismuth. Breceding
retio cen be a meximum only if neutron losses to the fission
products ere kept at & low level. It hes been shown (1)
thet flssion oproducts mey be extrescted wilth s fused eutectilc
of megneslum chloride, eodlium chloride end potessium chlo-
ride. ‘he detection rnd rassy of the fisslon producte in the
extrect presents ¢ problem. In ettecking such orovlems, ¢ b-
sorption spectroscopy 18 & well known end flexible tool,.
Ultreviolet end vislible spectra are of grest aid in obtein-
ing such data. The litersture on analytical applicetions of
absorptlion spectroscopy in fused medle 1is nil,

The spectrel work for structurel informetion in these
medle 18 more extensive. Quentitetive spectra ere reported
for nickel(II)chloride in lithium chloride/potsssium chlo-
ride mixtures (2); pure lithium chloride, pure cesium
chloride, cesium tetrachlorozinocatc (II) end pyridinium hy-
drochloride (3); mangenese (II) and mengenege (VI) oxyeelts
in sodium hydroxide end potessium hydroxide melts (4); ureni-
um (III) chloride, uranium (IV) chloride, dioxouranium (VI)
chloride in a lithium chloride/potassium chloride euteotio
(5); qualitative spectra heve been investigated for s number
of trensition metel chlorides in s lithium nitrate/potassium
nitrete eutectioc (6); pure molten salte (7); and metal
halldes disegolved in s lithium chloride/potassium chloride

mixture (8. The melts in which -metel chlorldes are dissolvey
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sre gssumed to be composed of verious metel complex lons.
The pure sslt spectre ere Interpreted in terms of chsrge-
trensfer gpectre.

The work to be described herein 1s two-fold
in purpose. The cuantitetive gbsorption spectrs of eight
enhydrous metel chlorildes were observed in the ultre-violet
and visible spectrel region to obtein snelytlicel es well &s
structurel informetion, The structurel study ettempte to
determine the apecles reeonsible for the egpectrel bends ol
served, The enhydrous metelchlorides observed in the fused
megnesium chloride, potessium chloride, sodium chloride eu-
tectic et 430°C ere those of copper (II), cobelt (II), men-
genese (II), nickel(II), iron (III), urenium (III), uranium

(IV) &nd dloxoursnium (VI).




EXPERIMENTAL

Preparetion of Chemicels. Copper (II) chloride dihy-

drete (reegent grede) cobaslt (II) chloride hexehydreate, c.p.,
end nickel (II) chloride hexrhydrste, c.p., werc dehydreted

et 1859C for twenty-four hours to prepsre the corresponding
snhydrous selts. Thesge were stored in glecsas-stoppered bot-
tleg £6 15090 4in en oven, Anhydroue sublimed iron (III)
chloride wee of reegent grede. Mengenese (I1) chlorlde ves
prepered by the peesege of dry hydrogen chlorlde ges over
mangsnese (II) carboneste, reegent grede, st 300°C. Urenium
(I1I), urenium (IV) end dioxouresnium (VI) chlorides were pre-
pered sccording to Inorgenic Syntheses (8) es was chromium
(ITII) chloride (9). Cesium tetrschlorocuprete (II) wes pre-
pared by ellowing = solution of copper (II) chloride and
cesium chloride in a 1:2 mole retlo respectively to eveporste
to drynees (10). The mengenese, chromium, ursnium end complex
copper g8elte were gtored in vexed, scorew-ceo bottles 1n ¢ des-
lccator. A semple of urenium (III) chloride wes eleso suppliled
by Brookheven Netionel Lesboretory. Thie wes & product of The
Rocky Mountein Chemical Co. The chlorides were analyzed for
metel content only snd found to be satisfactory. The analyses

are ghown in Teble I,




TABLE I
ANALYSIS OF AIIHYDROUS METAL CHLORIDES

Metel Chlorlde Method Resulte
CuCl, Volumetric with cale  47.26%Cu
- Sodium thiosulfete(l?) found u47.57

47.59

CoClsz Grevimetric es cele Lg,39%Co
oyrophosphr te (1) found L5, 52
Ls5,31

NiCl» Grevimetric ss cele  45.28%N1
dimethylegleoximete{1l2) tTound 44,96
45,06

MnCl, Grevimetric ee cole 472, 65%Mn
' syrophoephe te(13) found 42,74
L2,62

FeCln Volumetric with cele 34  43%Fe
i potassium dichro- found 34.%6
mate(l3) 34,26

UClq Volumetric with cele  69.03%U
potessium dichro- found 67.75
mate (13) 69. 50
68.80

ucy,, Volumetric with cele  62,76%U
potesslium dichro- found 62,22
mete(17?) 62.40
652.36

U0,01, Volumetric with celce 67.79%U
’ poteesium dichro- found 67.14
mete(13) 66.87
67.36

The eutectic mixture was supplled by Brookhaven
National Laboratory, Upton, Long Island, New York. The nom-
inal composition of eutectic was 58% magnesium chloride, 24%
sodium chloride end 18% potassium chloride by weight., Thies
mixture melts at 398°C. The eutectic was received in lump
form, broken 1lnto small portlons, put in screwcep bottles and

gtored in & desiccator. It wes alweys handled in e dry box.
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When melted it wes clear, remeining so es long £8 no hydroly-
sis occurred. In gome fused semplers there were smell black
perticles which floeted on the surfece of the melt, They did
not seem, howvever, to interfere with the spe:trum. It wes
found edventegeous to plesce the cell and m=1lt briefly into
the Meker burner fleme before observing the spectrum ss this
resulted in e clesr solution more culckly, ens tiis egolution
did not seem to hydrolyze rg resdily.

Furnsce. A cooper rod wes cut end reescembled to
leeve ¢ holc to ecceot a 1 em. peuh sausre cell (Fig 1). The
block wes 10 em. high x 5 em. in dismeter 2nd wes nickel plat-
ed to retard oxidetion. A ceremlc tube wes cut to fit sround
the block end wound with No. 18 Kenthel wire. It was insulat-
ed with No. 1500 Sauereisen cement, & vermlcullte type. The
furnece cen operste to 730°C, In this work the temperature
wes held st 430 £ 3°C., A tempersture fluctustion of this msg-
nitude wes found to heve & negligible effect nn ebsorbence
messurements, Temperstures were controlled esnd recorded with
e Leeds end Northrup Micromex Recorder using iron-constentsn
thermocouples, The furnece wes mounted in o fixed position ss
close to the enftrence ellt es possible so zs to admit the
maximum amount of light, A metal clip held the cell in e
fixed, reproduclible position.

Spectrometer. A Perkin-Elmer Model 12-C Spectrometer

vas used for ell absorbence measurements. The set-up used in

the appropriate spectral reglon is shown in Teble II.




/////////////////

////////7//////

7//

?////////////

\\
. Figure 1
urnsce




TABLE II
EXPERIMENTAL CONDITICNS FOR SPECTRAL REGIONS

Ultre-~viclet Visible
Renge 230-400 m L00-650 m
Optics auertez glase
Cell tuerTr auertz
Detector 1P~28 1P-21
Source Ho lemn Tungeten lemp
Joures Ooere lion Peewmen DU Veriee
Pover Bupnly
Calibretion H2 lamp, Hg lemp, Hg lamp, He lemp,
bénzene vepor H, lemp
Littrow Setting Hg green Hg green
1142 drum 495 drum

The chopped beam and tuned emplifier mekes correction for the
redisnt energy of the furnsce and sample possible, This 1s =
single beem Instrument necessltating the sepsrete observance
of solvent end solution spectre.

Density. Absorotivity velues sre glven ee 1./mole-cm.
Therefore 1t is necessery to know the denelty of the eutectlio.
A stendard Westphal balence wes modified to permit direct de-
termination of the density of molten eutectic or solutions,

A nickel plummet wee used es & bob, A set of copper wire
welghts wes constructed to sccompany the bob in order to make
the balence direct resding.

The density of the euteoctic was found to be 2,05g/cc.
st 4209C. This is ten degrees below the temperature at which

the spectra were observed., The data of Van Artedalen (14)
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show thet & 19°C change in tempersture cesuses only e 0,.010g/cc.
chenge in denslty. The eutectic turne o violetu color like
thaet of pure nickel (II) chloride dissolved in the eutectic,
due no doubt to ettack on the bob by the eutectic. The re-
gultent chenge of density of the eutectic ie slight,

Opticel Cells. These werec supolled by the Pyrocell
Mtrg. Co., New York 28, New York (Fig. II). The cell 1ie
gaurcre vith » 1 em. prth length and the optiecel section 1is
4 em, hieh, A side rvm ie vrovided to ellow oe8eage of ergon
over the mclt., The srgon le peesed over snhydrous magnesium
perchlorete, Linde "Moleculer Sieves", end phosphorous pent-
oxide in thet order, The flow rete of ergon is kept 2t about
80 cc./min, with ¢ rotemeter of 10-90cec./min. cepscilty es in-
dicetor. A cell cep reducee stmoepheric contemination. This
cep hes en elongeted neck through which e pyrex rod is plsced
end used es & stirrer., The trensmittsnce of the cell increas-
es from 60 to 80% in going from 230 to 280 mmand remsins at
thie level to ©50 mm (Fig, III)., After the celle heve been
in use for some time ctching sppeers at the gas-melt inter-
fsce which reduces the trensmlttence, but very slight attack
occurs at the opticel surfeces. Care in trensfer and high
guallty of solvent minimlzes the sttack, Immedlate . removsl of
the eutectic while molten after & run is imperative to pre-
vent breakage of cells due to solidiflcation of the solutions.

Procedure., Stoppered empty cells were weighed on an
anelytical belance, eutectic added in the dry box, and the re-

gtoppered cells weilghed agsein., For the visible work a
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Mettler Type H-5 belance wes used. Semples of solute were
welghed directly on & Bermen torsion-type balsnce loceted 1n
the dry box. A number of counter-weighted pletinum weighing
pene were constructed to permit weighing severesl solute sam-
ples 8t one time, The solute remeined sugpended in stoppered
test tubes in e desiccetor until needed for sddition to the
molten eutectic. The semplees verc asdded in elr, AtmOSpheric
sonteminstion 4id not eeem to hesve sny effect, the trenefer
being rspild. All oddiilonas of eolute were mede in two suc-—
cegaive Increments, permiiting consecutive merssurements on
solutionas of different concentrestions. Homogeneous solutions
were obteined by stirring with ¢ flemed pyrex rod. No vepor-
1zetion of metel chloride wes observed. In some cases & 80-
lution of low concentration (10-Y moler) of metel chloride
wee necessery becesuse of the high sberorptivity of the solute,
Thege were celled "master solutions". BSuch & solution was
needed for copper(II) chloride. One wes used for iron(III)
chloride but in thie case 1ts use was to prevent hydrolysls
of the metel selt, Copper(IlII) chloride solutlons were mede
up by weight while the iron(III) chloride solutione were an-
alyzed after meke up. The enalysies of these solutione are

shown 1n Teble III.
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TABLE II1
ANALYSIS OF MASTER SOLUTIONS
Metal Chloride Method Results

FeCl, Spectrophotometric found 0,4408g
- es Thiocyenate(ls) FeCl,/greme-mes-

ter Belution
0.4223g FeCla/g
maater solution

Cull, Weighing of CuCl, 6.35x10‘3g CuClz/g
} end Ternsry Eu- master solution
tectic
Determinetion of Spcetrs. The cepped cell end eutee-

tic ~re clioned in plece and oreon ie peeced throuxshi the elde
srm while the eutectic melts. The cell end melt sre held in
e Meker fleme to insure » cleer solvent, The spectrum of the
solvent is teken, using nerrow slit widths (0.06 - 1l.0mm.),
the precticel lower 1imit being thet obteineble with the mex-
imum gein setting (16) st which concomitent noiee could be
tolersted. A semple of solute 1a sdded directly from & bel-
ence pan snd the mixture 18 etirred untlil uniform. The spec-
trum i1s re-run with the soame e£lit ond gein conditions es used
previously. The seme procedure lg followed for the second
semple. Mixstures of ursnium(III) end urenium (IV) chlorides
se well 28 copper(IIl) and cobslt(II) chlorides were run in
the seme menner, The sbsorbences were then used to calculate
the csoncentratione of metal chloride present. The absorbance
range used for celculations was 0.1 to 1.0.

The absorption spectrum of the solute les then calou-
lated on & point to point basis using the molten eutectic as

a background for esch solution. BSome celculatione on nickel
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(II)chloride vere mede using the first solution ss the back-
ground but poor sgreement between runs wes observed. The eu-
tectic itself 1s hichly sbsorbing (Fig. IV) et 225 ms4but the
ebsorbence drops off aquickly towerds 300 maend remelns smell
to 650 mu. The concentrstions of these solutlons being low
(102 - 10-3 moler), their density 1s teken es that of the
pure golvent in compuiing moler esbsorptivities. Vhen o "mes-
ter solution" is used the smount of eutectle cdded in tThis
menner nwust elego Ly Teken into ceeount for mosl scourcte re-
sulte,

The Beer-Lembert equation wzs used to crclculete ab-
sorptivities. It is given below a2nd & semple celculetion
follows 1it.

where:!
I, = incident beem

I = tranemitted besm

log I,/Iz€c 1 € = sbsorptivity (1./mole-cm.)
¢ = concentration (moles/liter)
1 = cell path length (cm.)

Uranium(III)chloride ot 450 m m
IO/I 0.275
9.31 x 10-% moles/liter

Q
n

-t
n

1l om,

(c,li) s 0'275/(9-31 X 10—4) (l) 2 295 1./m°le_°m.
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RESULTS
The ebsorption maxime end corresponding ebsorptivities
for the metal chlorides are listed in Teble IV, The spectra
ere shown in Figures V -~ XII,
TABLE IV
ABSORPTION MAXIMA AND ABSORPTIVITY

Metal Chlorlde Wevelength of Mexima, mpu Moler Absorptivity
1./mole—cm.

GoClp “02, ks, 710 198, 27, 149
CuCl. 254 2770
FeCln 238, 282, 350 165, 118, 111
MnCl, 233, 2u8, 272, 135, 102, 92,
4Lo, 480, 612 42, 40, 32
NiClo 295, 470-490, 398, 125,
550, 610 96, 91
UCls 242, 330, 477 1656, 1219, 597
Uc1y 235, 405, Ls53, 249, 166, 154,
613, 642 112, 109
U05Clo 250, 450, 453 1804, 531, 550

The results presented ere en everege of severel de-
terminetions. The ebsorptivities for esch metel chloride
sre collected in the eppendix,

The precislon of absorptivity velues very with the
megnltude of the lstter as shown in Table V. The precision
is computed from the final averaged values.

The colors of the solutlions produced upon dissolving
the metal chlorides in the molten euteotic are unique, The
eutectic 18 colorless when molten. Some salts glve & deeply

colored solutlion in low concentretions while others must be
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relatively concentreted to produce eny visible color,
TABLE V
REPRODUCIBILITY OF MOLAR ABSORPTIVITY

Absorptivity Precision
(Reproducibility)¥
0 - 100 15%
100 -~ 1000 5%
1000 - 2000 2.7%
2000 - 2000 2, 5%
TAELE VI

COLOKS OF METAL CHLORIDE SOLUTIONS

Metsl Chloride Color Concentration
CoClo blue (1)
CuClo straw yellow (1)
FeCl1 yellow (h)
MnClo pink (h)
NiClo violet (1)
UCls red (m)
UCly grecen (h)
U02C1p yellow (m)

The colors sre listed in Table VI with low (1),
medium (m), end high (h) designeting the relative concentre-
tion needed for esch color.

The sample of uranium(III)chloride supplied by
Brookheven National Laboratory wes also run, Its spectrum
was quite different from that of the material prepared above,
Fig. X, The Brookheven sample wes a dull green color, while

that prepared above was a dull violet to bleck ses described
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in the literature (8). X-rey powder petterns were taken of
esch but neither geve & sultsble result, espperently beceuse
of particle silze,

Chromium(III)chloride ie not es soluble in the eutec-
tlc ee ere the other selte, The 1insoluble portion floets on
the surfece of the molten eutectic and cen be recovered efter
the melt hes solidiflied. An approximetion of concentrstion
veda mede in thile wey. Ite spectrum 1s shown in Fig. XIII;
chaorotivities ere soorovimete,

The spectre of mixtures of ursnium(III) end urenium
(IV)chlorides were observed, The ebsorptivities of the single
gelte were used to celeculete the concentrstions of individusl
galts used. These were then compered with the known emounts,
Both visible end ultre-violet were obteined for the uranium
mixture while visible only wes observed for copper(II) and
cobelt(II) chlorides. Simultaneous equations using Beer's
Lew were set up for celculetion purposes.

TABLE VII
MIXTURE CONCEN"RATIONS FROM ABSORPTION SPECTRA

UClz end UCly 20 mm 330 ma
UCl3 present 4.8 x 10% m./1. 5.0 x 104 m./1.
found 1.3 x 10% m. /1. 2.4 x 10=% m./1.
UCly present 6.8 x 10-% m./1. 8.3 x 10~ m./1.
found 1.7 x 10-% n. /1. 2.0 x 10=% m. /1.
500 m m 600 m u«
UCl3 present 1.1% x 10-3 m./1. 1.14 x 10-3 m./1.

found 1.74 x 10-3 m./1. 1.35 x 10'3 m./1.
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TABLE VII (Contd.)

500 m 4 600 m e
UCly present 8.78 x 10~% m./1, 8.78 x 10~% m, /1.
found 3.68 x 10~% m. /1. 7.42 x 10-% m. /1.

CuCls and CoCl,p 650 m g 630 m ae
Culls present 249 ¥y 107 m, /1, 2.49 x 102 m. /1.
found 1.00 x 102 m. /1. 2.55 ¥ 10-7 m./1.

00 m me 600 m g¢
Oultla sresent DA 19" w0 SRR Ko g m. /1
found 5,18 x 107 m. /1. 5.29 x 1077 m./1.

600 m pe 620 m g
CoCls present 2,74 x 10-3 m./1, 2.74% x 102 m,/1.
found 1.58 x 10~° m./1. 2.79 x 10~> m./1.

600 m s L70 m A
CoClp present 2,74 x 102 m./1. 2.74% x 1072 m. /1,

found 2.07 x 10-° m./1. 2.7 x 10-% m./1.
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DISCUSSION
ANALYTICAL

For enslyticel epplicetions the ultreviclet spcctre
show high eseneitivity but low selectivity. The cherpe-trens-
fer bende cerry over e long vey into the vieible reeion, The
bends sre somevhet sherp, which glves & repld chenge of ebsorp-
Tion v 1th ehwnee An wrvelonsth, mekdne ecourete mossurcmnents
difficult, In sddition the cherge~trensfer bend of the eu-
tectic occurs in this regilon, edding to the difficulty of
quentitetive mezsurements. All s#lts studied heve overlapplng
bende in the vielble end ultra-violet end sre close enough in
intenelty, in the visible especilelly, to mske quentitetive
resdings hsrd to obtein for mixtures of sslte. This expleins
the results for the cobelt(II) - copper(lI) where repid cheng-
eqg in ebsorption with wovelength sre obeerved, For the ure-
niun(III) - urenium(IV) system the sgreement is much better
where the chenge ies not sge repid,

Orgel(1l¢) pointe out the fect thet cherge-transfer be-
tween elemente in different oxidetlon stetes can ocecur. If
this occurs in the uranium(III) - urenium(IlV) system the use
of 1ndividuel gbeorptivities for ceslculations of concentra-
tion would not lead to good results, Smith(2) hes shown that
e change in solvent compoglition can also slter the observed
spectrum. This occurs in both the ursnium and cobelt-ocopper

system where the molsr absgsorptivities for the single salts
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were observed with different samples of ternery eutectic than
vhen observed with the two component eyetema, If the eutectic
composition were the seme 1n esch cese, which 18 probebly not
80, then en error could be introduced here. The problem of
hydrolysis 18 one which ise elwsye precent in thie work, It
veries from run to run end could bc e lesrce fector in deter-

mining oventitative resultes.

ULTRA~VIOLET SPECTRAL REGION

e

All ol the metel ciiloride sclutions shov ebecrption
in the ultreviolet region, with conesidereble verietion in the
megnitude of the moler sbsorptivity. The sbsorption sppesrs
to be releted to some common property of these systems rather
then to some unlque property of the individuel metel ion or
complex present, The most probeble explsnztion seems to in-
volve Y"charge trenefer® spectre(16) the absorption being due
to trensfer of en electron from one of the ionic species in
the solutlon to enother,

The spectre of ¢ lerge numher of crysteslline hslides
(17) heve shown thc spectre to conslet of one or more mexima
et wevelengthe leegs then 250 mu, Chlorides generally heve a
single maximun while bromides snd lodides heve & pair of max-
lma., For s given metsl more energy 1s requlired to bring
sbout the transfer of sn electron from chloride then either
bromide or lodide because of the decresege in eleotron affini-
ty of these stoms. The same phenomena occurs for gaseous

elkell helides in the region from 200 to 350 mr(18) but the
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mexima sre st greater wevelengthe. Ageln the process 1s in-
terpreted ss & Pcherpe~trensefer® process. The process ie
shown in the folloving menner:

Fecr‘zil‘» Fet24 o1
Evene end Uri(l9) heve detected these chlorine free redicels.
The redicele heve been used uo initirte 2 vinyl polymerize-
tion resctlon,

The atsble £lkell ond elkelinc—eerth ione do not show
roy cheyveeatrenafer in sclution below ppproximetely 200 mA.
Bie, IV ehiove the goeciiun of the moelteorn cassetle, This no
doubt is the teil of the "cherge trenefer" bend wherein en
electron le traneferred from & chloride ion to e nelghboring
elkell or elkeline eerth lon,

In saueous solutions anione heve stirong ebseorption
bende(20) in the renge 200-250 mpuwith moler absorptivities
commonly reeching 10,000 1,/mole cm, with the lower limit
being 1,000 1./mole em. Thle in genersl sgrees with the
resuits reported here, It is known, however, thst increecsed
tempersture tende to ceuse broesdening end diminlehing of eb-
csorption mexime,.

Sundhein{7) hee obgerved s reglon of trensparency and
a reglon of opecuenesge for seversl molten salts. Solutlons
of silver(I)chloride show the seme behsvior in & lithium
chloride-potessium chloride but his solutions were too con-
centreted to show sny mexims. In & study of cedmium(II) bro-
mide in 2 potasslum bromlde-lithium bromide eutectlic Sundheim
(8) 1dentifies the aspectrs of these seslts ss being due to &




"charge-transfer" process. Smith(2) identifies the first
meximum of nickel(II)chloride in & lithium chloride-potes-
gium chloride eutectic as belng due to & cherge tresnsfer
process, With this previoue dlscussion 1t seems rezsonsble
to conclude thet & "charge-trensfer' process 1e sleo teking
plece in the ternery eutectic of megnesium chloride-poteas-
glum chloride-~scdium chloride,

In solutions which contein hilgh concentrations or
chloride ione 1t would Lie expercted thet complex lon forme-
“ion vould teke plree, Comzlex iouns wiih one or more ciilo-
ride 1ons mey be present snd no doubt the metel-snion retios
very. Cesium tetrechlorocuprste(II) has 2 grouping of Cuclf:
ee en enion(ll), It would be expected thet this ion would
clso be present in the ternary eutectic beceuse of the high
concentretion of chloride ilong znd the law of messse sction,
The epectrum of CsoCuCly shows & meximum et 250 m#and en
abesorptivity of 2160 1./mole cm. &s compered to & meximum
of 2770 1./mole em. &t 254 mm for copoer(II)chloride in
the ternery eutectlc, Further work on complex selts hee been

reported by Thunberg(2l),

VISIBLE SPECTRAL REGION

Cobslt(Il)ohloride. (Fig.V) The aqueous spectrum of
cobelt(II)echloride in 12 M hydroshloric scid hes been investi-
gated by Jorgensen(22). He observee the same type of band as
thie work does st 610 mp. This band is sleo intense for oo-
belt(II) systems of chloridee snd bromides. Ketzen(23) hes
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investigeted the spectrum of cesium tetrechlorocobeltate(II)
£t liquid nitrogen temperetures. At thle tempereture there
ere meny more week bands observed then in water £t room
tempersture. However his yrofile spectra in the erea from
600 to 635 mpeghowe the esame type peck &8 observed in the
ternery eutectic. The crystel etructure of cesium tetrechlo-
rocobslteste(II) hee been obmerved anc shovn to consist of the
CoCluFanion. The similerity of our spectre with thet of Ket-
zen in the recrion of $10 mmindicetes thet in the terncry eu-
tectic Ulhie cobelt 1o Lveecnt e thco CoClJ rrilon,  Gruen(o)
hee invertigated CoCl, 1n # 1lithium nitrete-potessium nitrete
eutectlic end hes shown thet the seme bend eppesre upon eddi-

tion of excese chloride.

Gopoer(II)chloride. (Fig.VI) Solutions of CuCl, in

the ternery eutectic sre & vellow-brovn in color., When solu-
tions of CuCl, 1in hydrochloric scid ere eveporsted or solu-
tions of Culls in high hydrochloric ecid concentration ere
orepered they ere this seme yellow-brown color. Moeller(zi)
hes investigeted the Cu-Clsystem by the method of continuous
veristions end findas thet re the Cu-C1l retio ryprosches 1:10
the vielble peek spproeches 570 mu. He 1is of the opinilon that
the predominent species in these solutions is the tetrechloro-
cuprete(II) snion. Helmholz and Kuhr(II) hesve shown that
cesium tetrachlorocuprste(II) has the CuCld?anion g8 an entity.
The ultraviolet epectrum of Cszcuclu in the ternary eutectio
ghows & peak st 254 mswith en absorptivity of 3160 l1l./mole
em. indlceting slong with the vislible spectrum thet the spew”
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ciee in solution 1le probebly GuClii

Iron(III)chloride. (Fig., VII) FeCl- is non-ebeorbing
in the vleible, Thie eleo hee been found for FeCls in 1i-

thium nitrete/poteselum nitrete (6). Orgel's(25) work for e
as syetem showe thet only wesk bends should be found end the
predicted tetrshedrel bends for FeCly are beyond 650 ma,

FeOla in 12 M HC1 ¢s FeCly hes very low intensity brnde ot
619 muwith & moler ebsorptivity of 0.4% 1./mole cm.(26).
F6013 in 7.5 M HCl showe & lov ebsorption bend beyond 650
mu. AT Bigoh temoers tures ond wonnace of The hyarolyels in
these soiutions theee low intensity uends mey not bLe ouserved,
A comperilson of the spectrum of FeGlB in HCl end the
FeCl - complex (FeCl,) in isopropyl ether(27) show these mex-
ime et 285, 220 end 365 mpu, The highest complex found 1in
auentity is FeCly, The comperison of these wevelengths of
meyimum ebsorption with those of this work indicete that in
the ternsry eutectic the iron 1s preeent sg FeCly., In com-—
oounds sueh se poteesium tetrechloroferrete (III), KFeCly,
ceeinm tetrechloroferrrte(III), CaFeCly, #nd smroniun tetre-
chloroferrrte(III), NH,FeCl), the iron 1e four coordinste
end the sollds ere yellow, The color of the solutions of

Fe013 in the ternery eutectic 1s yellow.

Menganese(II)chloride, (Fig. VIII) Orgel(25) and
Jorgensen(28) heve predicted snd the lstter hes found thsat
mengenese(II) should have ebsorption bands of lov intensity

based on calculetions for menganese(II) in an octshedral

field of six weater molecules. There sre six bande observed



for mengenese(II) which heve ebsorptivities of the order

. 0.02 1./mole em, These ere low with reepect to other sbeorp-
tivitles of transition metel lone. The sbrorptivities of
mengenese(II) in the ternsry eutectic are lower relestive to
the other trensitlon metels, The posltions of the fused

selt bends do not occur et the seme pleces as for the rsaue-
oug eolutione but Tvo bends sre observed in the rTused eutec—
tic, This would seem to indicete thet menrsnese(II) in the
ternery eatectic 1€ £leo oetehedrelly enrrounded by chlorilde
lone,

Hickel(II)chloride. (Fig. IX) The gpcetre of thie
metel lon hes been obgerved in the aaueous, solid end fused
gelt medie. Thie work showe two sbsorption mexine at 470~
490 mpu, €10 muend & shoulder ¢t 550 mm in the visible, The
intensities in the ternery sre ereestsr then those of Smith{z)
in # 59 mole oercent lithium chloride/potessium chloride mix-
ture. Low(29) shows the spectre of nickel(II) in ¢ megnesium
oxide metrix with the srme "red-bend" es Smith end this wvork,
Holmee end McClure(20) 1n their exeminetion or NiSQ,-7H20,
NiS1Fg+CHp0 snd Ko(Zn,Ni) S04,-6H20 (1% Ni) found the seme
double pesk in the red-bend. Jorgeneen(31l) etates thet thie
bend 1s due to & singlet stete with some singlet—trinlet mix-
ing. Gruen(3) hes substituted nickel(II) l1somorphously for
zinc(II) in Ce2ZnCly; whose crystael structure showe zinc to
exist tetrshedrelly. This forces the tetrashedrsl configura-
tion in nickel and this spectrum corresponds to that of niock-

el(II) in pyridinium hydrochloride. The gpectra of nickel{II)
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chloride in lithium chloride ieg much different from the above
snd much more similer to thet of the previously mentioned work,
Gruen zcknovledges the fect thet the strong polsrizing osower of
the lithium 1on distorte the tetrshedrsl structure of the Nlclﬁ?
lon. Sundheim(3?) hes inveetigated nickel(II)chloride in e
1ithium chloride/poteesium chloride melt. He comes to the con-
clueicn thet tne NiClgzie somewiet distorted from the tetrehe-
drel confipuretion veceuse of the lithium lons' ebility to
rluster ruout the compler Yon, In the ternsry eubtectic the high
DeTeLnTa 0L bt could sring sbout thie gems clroniestsneces gna
force ¢ like distortion of the NiCleion.
Uraniun(III)chloride. (Fig. X) Solutlons of ursnium

(III)chloride in high hydrochloric ecid concentretion ere red
32), The erme color i1s observed for UCl, in the ternery eu-

-

tectic.

Treneference evperiments with trivelent esctinides in 1
M FCl show thet the metel ion moves to the enode(24) end in 10
M HOCl ¢ much lsrger amount o7 the metel ion moves towerd the
ennode, Diemond{~5) et £l sre of the opinion thet the only way
to e¥plein the chenge 1in elution of rctinides on en ion-ex-
change column in 12.2M HC1l 1s vis chloro complexes, The reflec-—
tion spectrum of U013(36) shows 2 number of wesk bende gnd one
strong one &t 634 ma., The bend in this work is at 640 mu, The
work of Jorgensen(33) shows & shift of the 521 mubsend to 540
mu on increasing the HC1l concentration from 0-6M to 12 M HCl
which seems to indicate the presence of uranium(III) chloro

complexes, The exect neseture of these 1s not known.
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Urenium(IV)chloride. (Fig. XI) UCly 1is not e strong eb-

gorber in the viglble when in saueous solution, Jorgensen is of
the opinion that in 12 M HCl urenium(IV) existe es the Uclé=
complex(2?). The 1on exchenge behavior of urenium(IV) indi-
crtes thet chloro complexes ere formed(35). UClL eolid 1s

eioht coordinete(27) vith four chlorides st & greeter dieternce

then the other four ehlorides, In compounds guch rs CepUClg 1t

ie hexsrecoordinsted, In solution hexrcoordincotion i1s mueh more
aommon then orctecnordinevion, Gruen'p(ﬁ) vork secme o lndlcete
in ocomorrieon lunn othor aocetrs it nrentam(IV) in solution is

- hexeresordineted, If this ie so then urenium(IV) in high chloride
concentretion should exigt es UGléﬁ The profile spectrum of
urenium(IV)chloride in the ternary eutectic compsred with that

of ureniun(IV)chloride in e lithium chloride-potsesium chloride
eutectic 1s in good sgreement(5).

Dioxouranium(VI)chloride. (Fig. XII) The crystel field

hes & smell influence on the 5§ f electrons of urenium(38) end

since urenium(VI) hes no 5 f electrons the effect should be neg-
ligible. The spectrum in ve+ter should be similierr to thet in

the ternery eutectic for the visible region. This 1s seen to be
true from this work, Gruen(5) reports & bend et 430 ma, This
seemsg to correspond to thie work et 450 mpy The charge-transfer
bend 1s wide and cerries over into the visible for a good distance,
The crystel field has & smell effect on the electrons of the
lenthanides and esctinides end this is borne out somewhat with

UO, where the absorption drope off with increasing wavelength(39).
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APPLENDIX

TABULATION OF MOLAR ABSORPTIVITIES

Wevelength (mp)

270

75

~

250

2

DN OO UHOoO oo &1

Y
SN H ONOND Q0 O=1~2 CCM\n\nunig:
OO OWn

\

L
n

£
o

39.

Moler Absorotivity (1./mole em.)

OnMlo

~

¢

CuCl~

Q05
1276

2277
2630
26¢h
2770
2743
2670
2620
2374
2096

1489
955
14
739
680
642
620

619

580

43

75
401

Fele

Q9
153
151
174
165
1c1
191
145
121

128

118
115
116
117
118
117
115
110
112
110
111
106
108
109
109
111
103
105
107
103
104

99
102
101

90

56

39



Lo,

Wavelength (mp9 Moler Absorptivity (1l./mole cm.)

CoClo CuClo FeCl-
430 £8 356 28
Lo 89 275 38
L 50 86 236 L
60 £8 196 L2
70 85 160 L s
80 79 125 40
<0 7 9> 31
500 GO eg 25
10 6 g 20
2 cL B1 18
70 61 70 17
Lo 57 LYe 14
g5 55 Lo 17
70 or G 12
80 L 18 12
90 101 18 11
¢00 130 12 10
10 146 11 10
20 145 10 10
30 144 9 9
Lo 174 8 S
650 209 8 9
Wevelength (mp) Moler Absorptivity (1./mole cm.)
MnClo NiClo, U013
220 76 116 214
23 125
g; 130 152 1016
s} 18
40 & 158 1577
o 9 1656
Lk 1635
ks 102 184 1622
LG 1632
L3 102 1619
?gg log 234 1620
9 1558
%8 87 55
60 86 313 1470
65 79 340 1451
70 92 353 1399
75 88 360
80 88 373 1335
85 385
90 84 395 1241

300 78 Loo 1192



Wevelength (mpm)

305
10

15
20
30

Wavelength (mp)

230
35
i
L6
48

41,

Moler Absorotivity (1./mole cm.)

Mn012

7h

NiCl,

389
373
351
215
270

185

150
128
11¢
1158
171
178
125
111
105
112
116
120
125
125
12
12
116
1i2
104
98
96
01
a6

UCla

1170
1184
1169
121¢
1127
1169
1108
1077
991
G0l
821
781
7?5
06
€31
o224
624
614
599
581
551
529
482
Ll
22
o2
356
2237
305
281
288
348
355
378
287
Lik
390

Molar Absorptivity (1./mole om.)

Uucy,,

%
7
365
343

U0,01,

928
1559
1772
1735
1711
1780



L2,

Wevelength (mu) Moler Abesorptivity (1./mole cm.)
| Ucly U0,C1,
250 335 1804
52 331 1741
2 1737
60 212 1731
65 296 1661
70 275 1501
80 277 1420
90 e 127¢
290 25 1195
10 240 1122
=0 ro1 1124
20 219 1115
L 700 1047
G 100 Lo
) ) l !v ,/ § ““P
70 161 577
80 161 595
90 156 505
400 165 489
10 168 uol
20 161 L79
20 159 481
40 157 497
45 157
4 50 157 531
55 156
60 146 501
70 137 LoB
80 132 481
90 125 LEO
500 118 L2g
10 110 E
20 103 379
20 95 321
Lo aé 33
550 76 312
50 70 557
70 79 284
80 91 266
50 103 260
10 112 290
20 112 313
39 107 337
25 110
Py 112 335
b5 110

650 107 335
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