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Mmmwm,'MMM-mﬂmM-m.Mm,
wnder the directlon of Ure Gulen ¥e Bving, on the study of the 4fthisens
vomplex vith thallium, vith the alm of developing & simple, repld snd
sacurcte colorimetrie method for detersining thalltuz. (6) (7) (15).
unious mum wsing » chloreforn solution of dfthisones The chloveform
1s aveporuted, the thellius dithizone som;lex destroyed snd Shem the
Shellium detercined by sose stenderd method such s Lofide precipitstion op
Shother colorisetriec prosedure suggested by Ssadell (12). This method,
mamm,ﬂwtu'mlauMMuﬁ,mmwm
srvors vhloh are cluost inevitebls %o & mempwstep procedure, Thelliws in
WMmfom.mmﬁmMuwmwmmu
mmmnmummmmmmwuwmam The
“dn of thie series of ressarches hes been to investlgete wether s
'muh«umamnmum«mmmwmnmmmum
orgenie phese, ummmumwmmmmmsmmu.y
uwmmcmwwmmmtmmgwmwmmﬁm
other than those of thellius, snd to investigste the oxtimm conditons under
vileh awtraction tekes places in the present work, use hes bees made of &
Mmmwuw-rmmnummmmwwmmu



© dithisone sonplew,



Dlgnenylthios: rhasone, sbbrevicted %o "althdzome®, ws Plrat
prepured In the letter port of the lest century by Zeil Plscher {4)e
Dithiszone 42 & velotively unstebls orgende sonpound, soluble fn poler

sedd leger end Leparts & violotered color to Lt In 6 ¥ hydevorlorie
sold, ddthisone 1 fnscluble. On the other extrane, tidsone vhen sdded
uawmmmmmuwnﬂmWMamm
colloretion %o the sslutions) The structursl foresls glven %0 d!t:isons 1ss
B #
s .<!~'fﬁ*ﬂ’
WEW -0l

%ol Placher slso discovered thet ditidsons formed brilllestly coloved
sompoundis with hesvy mstslse Hellmut Placherts contisued investigstions
shoved et dithisone formed the colored semplemss st even very low
Somcentretions of the metedlde fom (5)s My Plosher and cowworkers intsoduced
mmmmmwummmmwmmmmm
snd deterninstion of Lreces of meny hesvy notels but noted thet the
selostivity of MMmmMmmﬁmumannm
fE



I% in noe believed thet the wetal dithizonates oan exist in two
teutomeric forus, the keto form and the emed form, The following struo-
tural forrulne are asuigned Yo the two types of dithisons somplexes (8)

{17)s
1. kato form
§ .
fow 4 \é‘l“
Kﬁuﬂ‘{ﬁg%
ﬁamm ; '
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u.ﬂ.n&' "' »
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¥ represents the mebel etome The solid valenes hond to She metal atom
inddostes the ordinnry prisery velenee bonding, whoreas the dested walense bo
bond o the metel ebom ndliontes whet is often selled suxiliary or enordis
nation type honding. I Lo interesting to mots Shat the somplex forus =
qwmm.muurmmx.maammﬂmmum»u
wiable conligurstion for fwer somplex sompeunds (14). 7The keto sonplewes
are soliuble in organio solvests and ere pueh mors Smportant to the ansiytieal
ohewiet then are thw enol complewes whioh are only speringly soluble.

firune Jeselelcdn, working wt fUndon College, reporte in his thesis
for the buehelorts degres, that dithicone forms with Shmllous fon st a pi
of sround 10, & one %o one sosplex, thet is & kete Laner complex. His work
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fnvolved spplying the Sechnique reported by the Fronsh chemisg, F. Job,
%o the soleriretrie method in the wiudy of the conplex (6).
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!MM“M for forming the sclored metnl dithisone complex
compound S8 %o bring Sogetier in o seperatory fumnel n selution of dithisone
in ehlorofors or earbon tetrachloride with so agueous selubic: eontsining the
petallic fon, The netal lon end the dithisone resot, Foreing Guantitetively
under favorshle eonditions the metel dithizonate whieh is soluble in the
arganis phese, ‘hether a larger or ssaller fragtios resnine in the squeous
Phinee depends mataly en whe pif melntained. |

In ouwr prosent study of the thallium ¢ithisons complex, the ohief
pro‘blems confronted weres | )

1) the neaessity of workiag with two phesos,

2} uhe instebility of dithieons solutions.

§) the fuding out of the red thallius dithizone sowmplex.

4) the degree of extruction of the thalloss fon into the erganie selution

of dithdrow with the formation of the ewmplex,

8) soafipmstion of the previously reported fast that the thallium dithisonate
is » oneeSomone comilex.

he weabed enriler, use wes made of & radiosetive fpotope of theliium
85 ® traser in our sswdy of the thellium dithisone eomplex. The radiosctive
leotope wee Shalllum, atomio mess 506, beta sctive, with a half-life of 2.7
yoars obtained by permission of he Atomic inergy Commdssion frow the Ouk
Hidge Netiomal Laboratory in Yen-esses., An aquesus stook solubtion of thallous
ion was prepared from nonm-redicsstive thallous carbonwte %o whieh was sdded
& srall smmount of the traser whioh wes obteined ss %hmllium nitrate in wosk
niirie soid, The dithisons wes obtained from the Pisher Solentifie conpany,
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SeFa EOlwonts were used in the preparation of the dithisone solutions.

" - Jeasurements of rediosctivity were made with & Oeiger tube and
sountey mmfastured by Traserlab, Ins, of Boston. The delger tubs, model
2001, was enonsed in chember of lesd 2.8 em. thiok and opersted xt & voltage
of 1.6 kilovelts wishout the aluminum ehisld ower the window of the Sube
whish gave sn sverage background of 50 sounts per misute, Oounts were made
on ten williliters of solution In 2-ineh Pyrex petre dishes, 7¥he distence
from the plutform o the window of the feiger tube was keptu constant at
4a om. The sounting sed indionting unit is designnted es & "G4 soaler,
wodel 9€ « Bhe

hwxmgnmumumummmmmiah%. Lhe
following procsdure was follawed, The Gish waa contered under the window
of the tedger tube, ead count wes then talken for 5.2 sinutes on & scale
of 52, The sosivity of the ssmple in Seorms of sounts pey minute eould
thus be deternioeds

eotiviey s (1) (u“ ¥ _oounts
» (10} 4

i osunbe
5.4 Mminute

That is, the number on resorder disl (M) multiplied by 1O plus the counte
on the interpolasing disl (¥) divided by 5.2 geve the activity in sounts
per minute, Por eowwenionce in taking oounts, & table was prepared of
values of ration of mumbors from one through talrtyetws divided by S

In order to sheok the atedility of he Geiger tube sad ssaler,
sountes were taken every few doys on & ssmple of uranium alloy whieh was
kept se » standerd specifionlly for thia purposss




pate  fpesifie eoust

1i=17-52
L= § 52
Jiwllebl
1= § =53
I= § =58
de 9 B8
2-1¢~H38
B BBl
o] B 555
BellDeb3
Lo RS ]
LOk3 L]

1008
loes
1027

1088
1049

PAGE #

Por gusntitetive colorimetrio messurevents, two ingtruments were
uneds nesely, the Beckman Hudel mm&wnmuﬁmmmm

(seri-1 me 3210) and the Gencoethesrd fpoetrowphotolometer.

The buifer solutions were prepsred aceording to the directions of

Olwrk and Labs (16).
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DATA & RERULEN

‘ The ohief problems of our present work were outlined briefly in
oo eariisr pert of Shis thesis, mmmh«mmm
problams snd the dass snd results thuw obtsined will now be disoussed more
fullys '

1. fhe nessesity of werking with two phases. The generel procsdure
for the fomssdon of the dithizone somplex of tawllium has already been
montioned, Throughout sur work, sgual -olumes of the orgenie dithisons
solutinn sad of the aquesus selutlon of bnallous lon were takes. Twenty=
Pive nillilivere of She organie solution of dithisone were added %o twenty-
five milliliters of the aquecus solution of thelijum, sdjusted %o the desired
pils in a 125 ml. seperstory fumel. The solutions were shalen with extraction
of thallous ifon inbe the orginis phees and formation of the red $halliu
dithisone somplex.

2o The inseability of dithizone solutions. lwosase of the instebiliy
of dithisone, 1% cannot bu obtsined aes s pure, dry produet, The ¢ithizone
ussd in tnle work was recrystalliszed from ehloraform seeomiing to the pro-
oodurs desoribed by Zundell {10)s The solutione of dithiwone made up from
this rearystallised materisl wers then stenderdized by the colorimeteio
weakhod of Goaper snd Zulliven und stored in the refrigerator in & derk,
glsss bottle () exesps for pert § of ouy work, dithizone solutions were
made up in 250 oo, lote on the basis of 0,0800 grems of resryetallised
dithigone por liter of solution. fThe woler stzorbaney indices, W

from the paper by dooper and Zulliven ares



langth sbsorbaney
(ur) _ index #y,

460 16,0 x W*
BOB 8.0 x 108
808 41.5 x 108

4 solubion of 0.0200 grams of dishizone per liter showsd the following
velnes »f abeprbancs a% the indionted wave lengShes

0mp BOBmp ‘ﬂlm‘.a-
1,08 0,081 5,00
120 0396  5.00
1.08 0,508 3.00
130 0008 2 =~

sverages 1,08 0,895 5.00

Aocording to the Heer-Lumsbort Law, Aesybe, where A is the sbsorbance or
optieal density, my 48 the molar absorbancy index, b lengsh of puth of
1ight through the colution, Yo gan then caloulste o, the concentrationm of
dithigons in solutis:, in Serme of grua moles per liters
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Yhe swveruge consontration of dishigome in solution ie esloulated to be
6.68x30™% gras moles per Miter., From the faet that 0.0H00 grans of materisl
wore dissolved in preparing one liter of selution, we aan Mu the purity
of the reorystallised dithisons to be 86,07,
| In spite of the preomutions taken in storing the dithisone solutions,
usaally only the Quuntisy nesespary MP rek tively leedinte consunption wes
propered at uny one Sise. P. A. ClifYord reports that dithdsens solusions
kopt in a eold, durk plece under u layer of BOpewater of spuroximately U.1¥
sopgensration will keep indsfisisely (1).

Ba The fading of the red thallfuw dithizone sorplex. The fading ous
af the green solutions of ditvhizone and the red selutions of thalifum dithigonate
are believed %o be m to the forsation, under week oxidising eonditions, of
dipheuylthioonrbodissons (4)

-l

Thie onidation produst dissolves in ohlownfars swd esarban tateaahloride
mpursioag & yellow or brow: eolorwtion te the solution. I% dose not resst



with retulliis Sons. Decsuse of the relative ease of formation of the
oxidetion produst upsn oxposure of solutions of dithisons snd dithizonstes
%o sunlight st romm tempareture, 1% was found that the complexes had %o

be studied almost fseedistely upon formation. 4 brief study was undertsken
of the rute of decomporition sf the thallium dithisone somplexs In each
ouge, twenty-five ndlliliters of & u@:mm of dithisone in shloreform
(amwmgwnwjmmﬁmmmamummnxm
of thnllous fon {1.78xX0"% gres fons per liter, pH 10) end both phases
plesed inm 1 x § in. Pyrex tost tubus. The tubss were then suspended in a
speeially prepared box, equidistant from sn Alled meveury wapar lamp, the
distanos being ¥ inches (3)s 7The tempereture of the solubione resched
Ws.mmmmhmmuﬁm«rmmlm. The tlise of axposure
to the rediation wis waried for the different ssmplos end the rete of doe
somposition of the thalliws dithisone omaplex wes follaxed by she shange
in sbsorbance of the ahloroform phase % B10mu. An slternetive menner

of studying the rate of decamposition of the complex consisted in detere
wining the rate of chenge of thellfum sonsentrstion in the aguesus phuse efter
formation of the emplexe The rute of chumge of thallium congentration in
mlgmmmmnmwmmmmmmmwm
that phase 8t the warious fndieceted futervsls:
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i
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1.80
1.76
1.68
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78
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70
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| FIGURE 1
THE DECOMPOSITION OF. THALLIUM

DITHIZONE COMPLEX FOLLOWED BY RATE

OF CHANGE OF (A) CONC‘ENT'RATlON OF THAL-
LIUM IN THE AQUEOUS PHASE, (B) ABSOR—
BANCE OF CHLOROFORM PHASE.
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16 4n %0 bo moted from the grephs, Fig. 1, et the pate of docome
position of the Shalliue dithizome ocomples is relatively rapid, resching
equilibriun in spprowimetely lo5 hours. It wast be Pavenbored, howsver,
the sondivions whieh spperertly fevor decospoaition of the somplex have
and the illuminstion being wore Sntenge than under ususl luboretory comiie
tione. Thesse Lllustrations, peverbtheless enphasize the faet that sonditiine
of tempersture und Allumination heve to be olosely regulsted if reproducible
resulsy wre to be obbteined when Lhe forsation of the dithisone ewnmplex is
%o be uwed in the determinetion of Shallium. ©ince normsl roon Seppersture
vanges from 20%=8600., the grestest mm thet should be Baken in
ordinary verk on solutions atmmlﬁwwhﬁwmm
mmw axposurs %o ultraviolet muw.

4s e dogren of extraction of the whallows ien inte the orgacie
solusion of dithisone with the fovsation of the aomples. The originel,
undiluted sbosk sslution of thallous don comtaining trueer wes standswiised
by Sodide presipitetion as desaribed. in feottts Ttanderd Netheds (18)s




fenple X tomple 13

Volume of alicwot 28 mi 25 m
Weight of wepty sintersd

ginss orusible 12.01858. 12,9888g,
Welght of erueible plus

proeipitate of 713 12,9500 12,8760g.
Yedght of precipitete BBV : kil TN
Tea of Sholldus $n the | |

ssaple OE26ge 0284g,
Gonos of thallium in

groos per liter #5004 « 106
Holar soncentretion of 4. 48x20™" 444020075

unallous Son
sworsge soncentration PRTTE

In 811 the subsequent studies, semples taken of the stesk solution of
thallons ion with tracer were buffered snd diluted %o twoefifths originel
#lrength so thut Ghe goneentratisn of thallous Son in squeous solution bee
fore rosotion with dithisone &n srgenio solution wes equsl to 1.72 % X0=8
Eran-dons per 1i%or, By messuring the yedfeastivity of the aguecus selwtien
of thellous fou, 1t oould be deormined Yhat the spesifis setivity of §,000
sounte ﬁrmhmm-tmnw %0 @ gonesutration of thellous lon
of 1,72 x 103 groweions per liter, Ths sotusl speeifio redionstive count
on e solution of thallous fon veried sowewhat hers in setusl practice, &
sount of H,000 given for purpsecs of illustretions

In studying The partitioning of thellium butween the organie phuse

|
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and the uwm‘pmw. our Firet apuroseh oonsisted in sekirg & speaifie
MS:MM'Q sount on the orgenic phase snd then & spesifie radiovetive
sount on the sgueous phsse efter the thellium cithizsne conplex hed besn
formed. It wan then sssumed thebt the partitioning followed tiis aimple
proportions

L, = {#e0ap
"- (felala

wheve G » soncentration of wxmmmmam
8, 2 sonoentrstion of thelliwe in the aquesus phise
{8e04)p & spesifie radionative gount on the erganic phaee
(B.04)g & Specific radiosstive count on the Rquecus plimie

However, it was found Shat this reletionship was wot valid. %he orgenie
solvent, ohlarcform or oarbon totrachloride, being wore dexss than welter
nns & preater powsy of sbsorptlion for botu rediation thun doss veter, Por
extmple, & spoeific radionetive eount of IO on the agquesus phoae may
mmmmmmﬁmwmmmwsuwmmmum
Mawamwwnwammm&-mmumm%s
gougiderably prestey mmmmim of thallium n tant phases The graphs
Fige 2, in whieh She awﬂﬂn et of soluvion is plotved aginet the
sro0ifio oount afGer The solvent hes besn evaparabed fursier illustrate
the fmet thet the solvent sheorbs some of the radintione




SFE COUNT AFTER EVAPORATION OF SOLVENT
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F/GURE 2
EFF—ECT‘ OF SOLVENT ON RADIOACT‘IVIT'Y",
OF SOLVENT:
(A) CHLORODFORM .
(B) WATER
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Surve (&) in whiah siloroform is She golvent was ob%uined by teaking
10 ®idigditer ssmples of ehlurofors solusfon of thalliuwn dithironute sontrioe
ing rediosotive thalliun, The sotivivy of sach of the 4ifferent ssmples wee
dotermired, She ohloroform wae ewaporsted, and the sotivity of the dry asmples
wag sieo dotermired. The date for swrve (B} wes oblained fn She sane manner,
the solvent in this onse belng weter, I% s %o be moted Vet the sotivity

‘of suoh sarpls sppears Lo inmevesse in Both ouses when the solvent is reroved,
Andioating Shat the solvent has e mesking or shielding effest on the beta
pudintlion, With shlorsform se salweny, the surve hse & slope of H.65 with

Wb nﬂw solvent, Sin ourve hee u alope of HeBe Thus She sumplos in
shlorofors aprens to be anly 1/B.6 or 0.8 as sotive as when they ere dry

and the sseples in whter sppesy to be ealy 1/5.5 or 0.29 as rotive ss when | .
Shey are Grye e own esnoluds, Gherefors, thet the shislding o sbsorbing
powsr of ehlovefovs for beta rodinsion is about H.6/5.8 or 1,6 times s great
88 the absorbing powar of water for bete wadiation. (The speeific gravity of

ehlersform af 2000 ix 1.49,) Honos we pust rejees the simple relation thed

the ratio of tw eonsentretions of thellium in eseh of the twe phases is
vausl to the ratia of the speeifie rediosstive sount on the two phtsess
vhe problen prosented by tie diffsrens dogrees of abeorbanoe for
bote radistion shown by the orgenic sclvent sad water wss solved in the
folluwdng ways Lot us suppose That the speeific count on the Riuoous
nolution of thsllous fon befors troatwent with vhe srganie soluSion of
dithignne wae dotermined So be X and this represents 6 thallous lon ooue
senteation of O, grapeions per 1iSers Aftaer o of the thellium hes been
sxtenobed inte the organic phase vith formaiion of the sompex, & speeifie

sount of ¥ ix deternined again on the aguecus phkge, snd this cor-esponds
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0 & congentration of thelious don Oy whores

| e oo

Yie know thet the diminution In coneentration of thalious jon in the syueous
pheae L3 due Yo the faot thet eopw of &0 bhes been teken up into the organie
phage with formation of the thalliws: dithisons m Heving bnown %She
originel conosutration of “iellium in the mgueous phese snd the evnoentyrstion
in thet phene after extraotion hus vocurred, we cen now osloulate the epount
of thallium thet has boen traneforred t0 the orgsnie phese and, provided the
voluries of the Ywo phmges are kept equsl, the followisg relationsilp eon be
bo sot ups | | i

goi
- whare (O, x eoncenbrution of thalious lea in the orgenis phese
O g consentration of Shellousion in the squecus phese
A w spesifie count on the aguoous phase before sxtrsetion
ramnmcmamm.m-wmmmm

This r-m;mm# wide 1% poselible %o siudy the offect of pli on
the formation of the thelliue dithizone eomnler snd the degres of extraction
of whallive frop the sgueous phase, ¥eed nmAmm.m hud to be enrefully
uffored and then twenty-five siliiliters of esch phuse were shuken together
in o nwm; funnol, end after equilibrius hed besn resched, specifie
}mw mm‘w Bgusous phiees The deta and resulte obtedined ere given
bolows :



raas 21

Tow speaific couns on The agueoue solubion of toalliuww bafore treste
went with the ohloroform selution of dithisone was EEOL counts per minute
per 10 mi, Therefores

o » 60O « X
w

a

where ¥ m speeifio eount on She syueous phage after treatment with dithisons,
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(7Y § TS W roporte thet the pil for bthe sost Pavorsble formstion
of she thallius dithdsons ocomplex 4s 1i«De 0 She oSher hand, P issmersen
poports a.pi of 0.0 a8 the one most Pavorable for formetion of the somplex
{11e Using our mevhod, wnrying only the pi, we obtained s wlue of 0.0
as the pd st whieh optimum extrsction cocours se shown by She graph of Pig. 3.
1% 4s well to mote the following obesrvations made during this speeifie
sooblion of our vorks when the pil of the equeous pheso was 5, the color of
the orgenic phase was gresng pH of 8 produced a erimson evlor iu the argunie
phases P of 12 prodused e wed color in She orgenic phese.

Ba Gonfirmetion of the previously reported feob that the whallium
dithisme somlex is & one %0 ono complex, emploving & diffurent prosedure
then formerly used. A study was made in which only the concentration of divhi-
sons in orgenic solution wes varded, the pil of the agueous phese being kepb :
panstent st 10. “olutions of dithisone in ehloroform wers mwede up warying
im sonsextyation of the B6Y pure dithisors fren sero %o 2.6 groms per liter
of solution. Thespeeilie count on the Agueous phage was Wen afber trente
want with the ohloroforn solution af ditwsisone. Using equal volumes of bath
phases, (X = ¥) would be e speeifie count on the chloroform phase if its
mutmum far bets radiation werc Ghe sowe s thet of water (where,
be previously, X 48 the speeifio count on the aguesus phase bafore sny thelliue
had been extregted fron 14 by Yreateent with the dithizone solubion and Y ie
the speoific sount on Bhe Bquecus phase after extraction hes ooourred,) The

wslue of (X = ¥) in proporticnsl o the eoncentration of thellium in the
orgwio phnse. “he graph, Pige 4, is plovked as (X « ¥) wersus concentration
af mmm. showing &t ehnt soncwntration of dithisone nl}l the thalllum

heg buen extracted from the squeous phese thet eus be extracted from & solution



of thet mmﬁm in whallivws. If the tislliue dithisonnte is &

D — oomples, when the point is rerched whore the molar sonoentroe
tiom of dithisome and the moler conventrstlon of thellous fon are equul,
& further inoresse in penvestrstion of ¢ithisors in the orgenic phese
wiil nos inorease the soneenteation of thelliws in the srgenle phece
boesuae the souros in ths agqeous phage hes been exhausbed.
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fongentrstion (x = ¥)
of dithigons mg”;ha"
P— o i
per liter of water
0 ~512
N8 386
10 ' 767
16 1860
20 1865
»26 2879
30 2771 -
o386 5243
o0 26786
o486 €179
B0 4558
oi6 4862
60 754
86 4786
70 2
80 @32
90 4619
1400 4678
1,50 4529
2400 4538

280 4487
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The surws shows that o soximam extrestion of thwllium from agueous
solution of thallous fon of eoneentretion 1.72 x 107" grawelons per liter
oogurs when the eoncentestion of dithisone in the chlorsform phase is 0.60
grams of 857 divhizons por liter of solution. This ie Yrus for ome extrectlon
with equsl wolumes of both phesess This results in 947 extreetion of the
thnilius duto the ehlorafory phuse snd the wnamﬁ souffioient, K, is
esloulsted %o bo 16.1s “

ks Oy

#

g X=Y

1

s 5204 « 323

4

» 4081
. ¢
= 16.1

whore, as previously stated, _

Gy ® ouncentestion of thellium in the orgenie phrae

e ¢ conoentration of thellium in the sguecus phase

3 g spesifio count on agquesus phese bafore extrsetion

Y = apeoific count ob agquoous phise after extraction
he molar sonsestration of dithisone when (.58 groms of A6 material ere
disscived per liter of solution is 1482 x 10°% gram meles pur lister. (The
molesuler woight of dithigons is 256,52.) The ratio of the eoneentration
af dithisone % thellous dom fs thus 307, whieh wrrosponds quite well te
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8 sneeSoeane Gomplexe I A8 not upparent way the surve tukes on a slight
negntive slope after the eoncentration of 0,58 pravs of dithisone per liter
is exseoded, thet iz, why en ivorease in dithisone eonsentrstion beyond this
mm.mummmwmzmmmmm.
An drvestipation of thie smomslous behavior might be very informstive.
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SUMMARY
{r objective hos besn the study of diWisons as on orgunic reagent
for the sumlysis of thelliwme Y hawe SSSampte’ to poAnt out some of the
diffiouitios in the wes of dithisone as sn anelybies] resgent in genersl,
and g & complesing agent for thuilfwe, in particulsr, The neturs of
the thallium dithisone complex and the nost sulssuble eondivions for its
formation heve bess Lnvestigered by weing s redfosctive feotope of thallium
as 5 WNoer. | _
Daged on work of the psat end on «ur own irveatigentions we have noteds
1a She neseasity of werking with two phases
2. She properation, atandsrdisation and storage of dithigone solutions,
%o She relstive instability of selutdens of dithizune safid the Shellium
dithiseue omsplex '
e the thalllum dithigone complex is forsed most fwworebly from
solutions of pil 108 .
BHe e thallium dithisone complex is & one %o one oomplex, that ie,
8 keto lmner oomplex.
MM.&MWMM”WW.WWW
svailable tarough the uge of refionctive isctopss & treeors.
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