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INTEDUCTION

In recent yeere the inoreeeing importance of the de-

tection of trece metele end the eetineticn of their enonnte

hee denuded e eeneitive method for their determineticno he

control of leed left upon fruit ee eprey recidne end the de-

tection of trece netele preeent in cree, ellcye, etc.. ee

impuritiee he etinnleted reeeerch into the me of dithiscne

(diphenyl thiccerhucne) ee enelyticel reeaent in ench pro-

cednree.

Beeldee lead, zinc hee perhepe received the meet etten-

ticn cc to the poeeihilitiee of tin dithiscne nethcde in

trece detection.

lhe eulyeie of trecee of cocaine in one of the eppli-

cetione vhioh. elthcnah the pceeibilitiee hove been reclined.

hee no little done tcnrd ite edvenoelent. fhe field of

reeeerch in admin then ie etlll Open. It will be the ct-

tonpt of thie peper to introduce nee proceduree in the di-

thiecne methods for ocdniun end. if pceeible. to improve

upon any clreedy exietinc.

Inch my be learned of velne to the detection of ced-

niun from c perneel of the literetnre for leed, cine. end

the other heavy metele. Since the cunt of cork done in

(1)



connection with cedninn he been cull, thie will be

neceuery, for it is beyond the eccpe of thie peper to

give e complete digeet of ell exietinc literature.

(2)



HIB'IORIOAL SKIN!

in Germ in 1883 Dell Piecher (l) in hie work

upon the prcpertiee end reecticne cf phewl hydreeine

'firet cene upen dithiecne. it thie tine he recomieed

the feet tint it found e colored complex with line.

It m neerly fifty yeere leter, however, thet enyone

thouait cf the pceeibility of the use of dithiecne ee .

en enelyticel reemto

Hell-ht Flecher. elec working in Gernny. firet

etudied the pceeibilitiee cf the dithieone compleeee

in the qmlitetive detection of w heevy mtele,

encng which were lend. copper. gold, eilver. mercury,

end oedniun. mic wee in 192‘. A yeer leter he pub-

liched hie findinp in 'iee. Veroff. Sienna-Kenn. (2)

Very little intereet wee ercueed however end except

for e few ecettered pepere by tieoher hineelf, end e

for euthcre in Melend. little no published of velue

upon the nee of dithiecne. in 1984 in Angew. Ohenie

(a) Piecher publiehed encther peper upon the nee of

dithiecne in enelyeie, both in quelitetive end quen-

titetive nicrcohemietry. Since tint time more then

fifty pepere heve been publiehed decline with the uee

of dithieone in enelyeie. root of which heve deelt

(3)



with.leed‘end sheen

In the tine eince 1935 eeverel nethcde heve been

developed for'the uee of dithieone. Direct end indi-

rect titreticn nethcde heve been developed, ee well ee

leverel colorimetric proceduree which.will be die-

cueeed leter. Due to the inlolubility of the dithieene

complex“ in nter. en etteqpt wee nude to develOp e

grevimetric procedure. However, it wee found thet et

tempereturee cufficiently high.tc remove the enter ne-

chenieelly held, the dithiecne complexee begen to de-

conpoee neceeeiteting finel weighing en the oxide,

eulfidb. or eulfete. Under certein condition! nix:

turee of eny two or ell of theee emit occur. Since

thie wee true end mince the edventeee of the hid; nel-

eculer weight of the dithiecnete wee lcet, the ettenpt

wee diecerded.

A complete bibliogrephy of the work with dithi.

none up to 1957 wee publilhed in.Aneewendte Gheeie (e)

by Piecher elcng with the methane then in nee, A per-

tiel liet including pepere publiehed eince 1937 my be

found et the end of thie report.

(4)

  



THEORET10.“.

All the dithiecne methode depend upon the feet

tint certein of the heevy netele fore colciwd con-

plenee with dithiecne. niece oomplexee ere inecluble

in weter, but eoluble in chloroforn end other arsenic

eclvente. Piecher in hie erticle in Angewendte Ohenie

(a) ave the following form enietins for dithieoneg

incl Kete

U Eel-l5- 9H5-

/ :1. ”=0

H—S—C\ sag/

\M‘?~H \pyu-n’

/ I

end poetuleted the following poeeibilitiee for the

heevy motel oomplexee:

m1 9 w; ’0: Se 14‘;

+ /’U = U / “. H

M 5“c.\\ 5.0+ C\\-5—x;o

M—A) “*1?

l

KOtO

/ -

S: C ’7‘"

\M— A)

/ /

44- (6”



lith the divelent netele the come linkege tekee plece,

but enother molecule of dithixcne in need. Of the

three velent metele reecting only the keto fore hee

been found to exiet et thie writing. lith theee the

bend type ie the me. but the fcnnule tehee three

moleculee of dithiecne.

According to Pincher (8) the ketc fcme ere gen-

erelly exietent in neutrel or ecid ecluticn with e few

exceptione of which cedeiun ie one, while the encl fou

exiete in beeic eclut ion.

nor the cedmium complex the following form hee

been chown to exiet in neutrel tc etrcngly elkeline

C’ ,

eolutione: C 6 5/;- .‘ "Le

’ 1"—

/’U‘:/\/\ ,"N N\ _

C ‘00! (3‘5

I

M. {F}; can“;

fine hee been oontrected for convenience to 06.132. i’he

exietence of en emcl complex of cadmium hee on yet not

been proved.

According to cliffcrd end Iichmenn (5) the moot

complete ocmplexing of oedmium tekee plece ebcve the

pH velue of twelve, with the complex firet forming et

e pH of ereund nine.

(6)



Fiooher in hie work found that on end concentreticn of

five per cent ocdiun hydroxide ave the boot reeulto.

lt no noticed by thie cboerver in ccrrcbcreticn cf

theoe workero thet the extrecticn cf codeine with e

twenty-five per cent exceoe of dithiocne begen et e pl!

between eight end nine end wee eoet complete ebcve e

velue of twelve. From thie point to e concentreticn

of epprcximotely ten per cent ocdium hydroxide there

oeeeed to be no eppreoieble difference in the coloring

of the dithiocne-chlorofcrm extrect. However, ebcve

thie ccnccntreticn the colcro eain oeemd to decreeee

in intenoity.

Thie method io by no meeno opeoific for cedmiue.

Fischer end Loopcldi (6) cleie, however, thet only the

following netelo interfere. copper. oilver. aid,

mercury, pellediun. nickel, cobelt, end zinc in lerge

emounte. Aloo eny ion precipiteting in the elkeline

oolution will come incomplete extrecticn cf codeine.

Such icno ere phcephetc, ferric, chronic. eluminiulo,

otencue, etc. Sendell in e recent peper (7) hoe eeid

tint menaneoe eloc interfereo end, oince‘the method

ee given by Piocher will not teke core of thie, givee

e method for ite eliminoticn in emell emounte.

(7)



1.

2.

3e

4e

MATERIALS, Arum. REAGWTS

Beperetcry funnele

100 ml. eiee 11li he: funnelo were need.

All pyrex gleee etill

Calorimeter

Klett-Bic inetrument no need with the ertificiel

light ettechlnent.

rhctelcmeter

Genoa-Shaman Phctelcmeter ueing the

Oencc he. 3 green filter.

Bolut icno end Reegwnte. ,

1.

3e

3e

4e

5e

6e

7.

8.

9.

Btenderd codeine oolution

Ohlcrcfcn (rediotilled frcn pyrex)

Gerbcn tetrochlcride (redietilled fron pyrex)

Dithieone in Ohlcrcfcrn (26 ng./ml.)

Dithieene in Gerbcn tetreehloride (2. mg./ml.)

Edietilled weter (redietilled from pyrex)

sodium hydroxide .251 (c. r. chemicel 4......“

in redietilled weter)

Hydrochloric ecid oolution - l 15.

Sodium cum. . 25% (c. r. chenicel in redid-

tilled enter)

(8)



10. Poteeoium ecdiun tertrete . 25% oolution (c. P.

chemicel in redietilled weter)

ll. Scluticne of vericue foreip icne.

(9)



To prepere e otenderd cedmiun oolution the fol-

lowing mothcd no found to be convenient: e oolution

cf cedniun nitrete wee mode up oc thet fifty milli-

litero of oolution were epprcxinetely equel to one-

tenth gree of cedmiun. rm. oolution no otenderd-

ioed by oeverel nnno.

Fifty-milliliter pcrticno of the oolution were

eveporeted to dryneoe with e milliliter of oulfuric

ecid (dilute) in pletinum dieheo. The exceoe ecid no

then fumed off end the cedeiun oulfete thus formed ig-

nited ot five hundred degreeo in e nffle furnece. it

no found thet treeeo cf oulfuric ecid might be left;

thie no, therefore, removed by noiotening the reoidue with

nter end egein fuming off eny reniuing oulfuric ecid.

thie proceoo no repeoted until ccnotent weighto were

cbteincd on the reoidue. fhio procedure io givn in

detoil in Hillebrend end Lundell (8). A eeriee cf ouch

deteuineticno ave the following reeulte;

Sample 1. 2. 3. 4. 5e

Codeine/5O nl. .1012 .1013 .101. .101: .101.

Since the reeulte obteined from the codmiun eul-

fete method ere likely to be in error due to the in-

(10)



complete remcvel of the oulfuric ecid or due to lcoe

by opettering, e eeccul oerieo no run by none of the

electrolytic depceiticn of cedmium on e platinum geueo

oethode from on elheline complex cyenide oolution.

(‘l'reedwell-hll (9); Eillebrend end Lunaoll (10)). on.

reoulte cbteined on four oempleo were: - ’

”pl. 1. 2. 5. 4..

g. Codeine/50 ml. .101: .101: .1013 .101:

no velue .1013 g./ml. ... then token eo tn. cedmium

content of the etcclr. oolution. A otenderd cedmium

oolution no preporcd by diluting fifty millilitere of

thie oolution to one liter in e volumetric floor.

Twenty millilitero cf the reoulting oolution were

nude up to e liter in another floor. The reoulting

oclut ion conteined two-milliontho of e grem cedmium

per milliliter or two micrcgreme of cadmium.

An odditicnel oerieo wee run where the cadmium

no precipiteted eo the cedmium emcniue phcophete.

Since thie method, due to inedequete pH control, ie

prone to give low reoulto, theoe reoulto were not in.-

cluded in the everege, but were merely need to give

(11)



further evidence of the unreliebility met with in thie

method. The following reoulto were cbteined with five

onploot

Sample 1. 2. 3. d. 5.

3. 04/50 ml. .1000 .0999 .1001 .1003 .0997

Thin procedure followed thet given by freedwell-Hell (ll)

It no found by teoto upon the cerbcn tctrechlcride

end chloroform cbteined from otoch that they were un-

ouited for deteainetlono with dithieone. eince thq

ocnteined eppreoieble emounto cf neterielo giving color

with dithieone. Hence ell chlorofcno end cerbcn tetre-

chloride need were redietilled frn en ell-pyrex gleoe

etill. Similer rcoulto were cbteined in teeto upon

diotilled nter cbteined from the tepe due to the

copper end leed token up from the pipeo. the diotilled

nter mt eloc be rediotilled previcuo to one.

Solutiono cf oodium hydroxide, eodiun oitrete,

poteoeium oodium tertrete end hydrochloric ecid were

uede by diluting c. P. reegento with rediotilled

nter. on. ecdiun pcteoeium tertrete end eodiue cit-

fete oolutione were found to be eufficiently pure for

(1a)



me if melon with eucceoeive mll portioue cf dithi-

ecne until the pure green of the dithieone ie unnodi-

fied upon making. The oodium hydroxide end hydro-

chloric ecid oclutiono could not be purified in thie

ny; however, they were found to be eufficiently pure.

Since e otrungly elheline oolution io need in the

extraction of cedmium, it will be found thet etching of

the glue mey tehe plece olowly with ouboequeut depo-

oiticn of trecoo of oedmium; hence, it will be neceooery

to cleen the oeperetcry funnelo frequently with o

otrcng ecid oolution. Ordinery cleoning oolution no

need for thie purpcoe originelly, but it no found thet

eny elight treceo of the chronte which my be left

will oxidize the dithieone; ccnoequeutly, e oolution of

nitric ecid no need efter thie.

(15)



PROCEDURE

For the colorimtrie determinetion of cedmium eo

the complex dithieomte only one mthod ind been de-

veloped until the epring of 1959. in 1937 Piocher end

lecpcldi (6) firet worked with dithizcne in connection

with cedmium end need the following procedure.

To five to ten millilitero of epprcximetely neu-

trel oedmium oolution en equel volume of ten per cent

oodium hydroxide oolution no edded. Any iono which

might precipitete with oodium hydroxide were held

book by meene of mchelle oelt. thie oolution no

extrected repeetedly with dithiecne in e oeperetcry

funnel until the cerbcn tetrechloride no no longer

colored red. the combined extrecto were then nohed

with three per cent oodium hydroxide twice end nter

once. on. red cadmium dithieonete no decompcoed by

meeno cf ncml hydrochloric ecid end the green color

of the dithiocne compercd. An eccurecy of within

five per cent no oleimed with thie method.

Since the work with the ebove method, one other

method for cedmium heo been recorded in the publiohed

litereture by B. B. Sendell (7). The procedure need

(14)



by Sendell io no followo: The oemple wee extrected with

dithizcne in cerbcn tetrechloride end the cerbcn tetre-

chlcride leyer drown off. Thie extrect no oheken

with one-hundredth ncrnl hydrochloric ecid to remove

the cednium leeving the meJcr portion of the other

metelo preeent behind. The nter oolution no then

trenoferred to e flet bottomed tube. Two end five-

tentho millilitero of twenty-five normel oodium hydrox-

ide no then edded out the oolution choken with dithi-

eone. l.lhe cerbcn tetrechloride leyer no then ccmpered

to otenderdo prepored by diluting otenderd omounto of

cedmium to the one volume eo the unknown, edding the

oemo emcunt of oodium hydroxide end then choking with

dithieone. '

However, working with lead in connection with

oprey reoidue control on fruito, O. B. Iinter, E. J.

killer, end cthero (13) et Ilichigen State College in

1935 developed e method ueing chloroform eo oolvent

rothcr then cerbcn tetrechloride, which followed the

procedure of Fiecher end Lecpoldi rethcr clcoely ex-

cept in minor deteilo until the finel extraction of

the dithieonete of iced. Ether then decompceing the

red complex end oompering the green dithizone, they

(16)



canpered the extncted dithizonnte. The reoulte ob-

tained were claimed to be et least as accurate no theoe

cbteined by Piocher end Lecpcldi end the procedure wao

oho rtened coneiderebly. Chlorcfozm no oubotitutcd

for cerbcn tetrachloride becauoe of the greeter oolu-

bility of the complex“ in chloroform.

In 1936 Clifford end Viohnen (5) of the United

Steteo Department of Agriculture publiehed in the

J. Off. Ag. Chem. an erticle deeling with the methcdo

for lead end oubmittod a new method whereby the oepere-

tion of the excooo dithizono no eliminated, hence

ohortening the procedure etill further. The accuracy

no increeoed, they cleimed, due to the lock of nececeity

of repeated extrecticne to remove the excooo dithieone.

The optimum pH no chceen end a oingle extreoticn cf

the oolution mode with excooo dithieone. Thio excooo

no ellcwed to diotribute between the equeoue end the

chloroform piece. The mined dithieone-dithizcmte

no then compared with etendnrdo prepored in the come

ny.

The pcoeibility of applying theoe loot too meth-

cdo to the determinetion of cadmium hao given rioe to

(16)



to the work in thie report.

It no found by experiment however that at the

elhlinity beet ouited for the greateet extraction of

cadmium an the dithieonete, the excooo dithieono went

over into the aqueoue phaee too readily to permit the

uee cf the mixed color method. At a lower pH it one

found that the cadmium no not extracted quantitative-

ly. The work in thie paper lo ccnoequently limited to

a review of the method of Fiocher and Leopoldi, and to

the development of an acceptable procedure for the uee

of the red cadmium dithieonote.

The procedure adapted for the work in thie paper

on the determination of cadmium differe oligitly from

that prcpceed by Piocher and Leopoldi. It no foumi

by reoulte in the laboratory that differencee in vol-

ume of the aqueouo oolution when a ccnotent volume of

cadmium found in the chloroform extract. The effecte

of verioue amounto of nter oolution to twenty-milli-

litero of chloroform oolution are ohcn below. Each

oample contained a oonetent omount of cedmimn.

(l?)



Volume of Amount of Amount of

aqueoue oolution cadmium preoent cadmium found

10 ml. 2.0 microgr. 19.5 microgr.

15 ml. 20 " 19.8 "

20 ml. 20 '5 _20.c .

25 ml. 20 T 19.6 r

30 ml. 20 " 19.3 "

Taking thie feet into ccnoideration the following pro-

cedure wee developed:

To an approximtely neutral aliquot of cadmium

oolution five millilitero of twenty per cent oodium

hydroxide no added and the aqueouo oolution no mdo

up to twenty millilitero with rediotilled nter. Suf-

ficient dithiecno in chloroform (25 mg./liter 0111313)

no added from o buret in one-milliliter portioue with

choking after each addition to cauee a dietinct excooo

to be preoent. Tim preeence of the excooo dithieone

may be noticed by the yellow color imparted to the

aqueoue phaee and a alight purplioh color to the chloro-

form leyer. Sufficient chloroform no then added from

another buret to make the total chlorofcn-dithiecnete

extract up to twenty millilitero. The chloroform loy-

er no then removed to a oeccm oeperetcry funnel con-

(18)



tainins twenty millilitero of three per cent oodium hy-

droxide. ohaken up and allmd to oeparate. The chloro—

form layer io again drawn off and waahed with twenty

millilitero of rediatilled water. One Inching with

oodium hydroxide wao found to be ac effect ive aa two

waohingo. The waehod dithioonate wao then drawn off

and compared agaimt a otandard in a calorimeter. If

foreign iono were mount the procedure waa carried out

with the addition of oodium citrate or potaooium oodiu-

tartrate. The amount of cadmium preoent in the oolution

io read off of a calibrotion curve obtained by plotting

the reading on the calorimeter auinot the concentra-

tion of known oolutiono. he following concentration

were taken to plot the curve:

.001 mm, .0025 mg” .0050 013., .0100 me" .0160 103.,

.0200 mg., .0250 mg.. .0300 mg.. .0350 mg.

it no noticed that concentrationo higher than than

lioted above when uoing a otandnrd of .0200 me. were

out of the convenient working range of the colorimeter.

Thie calibration curve according to Piocher and

Leopoldi (13) 1o a linear curve while Winter, liiller.

and othero (12) working with lead found the calibra-

(l9)



tion curve to be a hyperbolic function. It wao found

by thio oboeiver that if the otandard wao oet at a

conatant reading and the tangle varied that a curve

to obtained oimilar to that obtained by Iinter and

Miller for lead, which woo diotinotly hyperbolic in

character. The comparioon of the complete range, how-

ever. wao not poooible without a change of otandard

oetting and interpolation from that oettine to the ori.

ginal oetting which wao taken ae twenty. we eliminate

thio difficulty it wao found sufficient to oet the

oample rather than the otandard at a conatant oetting

and vary the atandard until catching io obtained. In

thio manner, choooing a oetting of twenty-five for the

omnple, it wao found pooeible to compare directly

without interpolation mpleo between acre and thirty-

five micmgrano of cadmium. 1t wao aloe found that by

thio: meal a linear graph wao obtained, therefore facili-

tating reading and increaoing the accuracy of reading

the graph. The data obtained for plotting the curve io

given below:

(20)
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cadmium Calorimeter Readingo

ITeoent

m8. 1. 2. 3. 4. average

.0010 2.4 2.3 2.3 2.5 2.4

.0025 3.8 3.9 4.0 3.9 3.9

.0050 7.3 7.1 7.0 7.4 7.2

.0100 13.0 12.8 12.6 12.5 12.7

.0150 18.5 18.3 18.5 18.0 18.4

.0200 25.0 25.0 25.0 25.0 25.0

.0250 30.0 30.3 30.8 30.5 30.0

.0300 36.2 36.3 35.9 36.4 36.8

Each of the aerieo above wao run on a different oet of

oamplee.

do a check up on the accuracy and reproducibility

of the method oeveral aerieo of unknown oar-plea in

mich the operator wao unaware of the cadmium content

(21)

were run. Ehe table below givee the reoulte of theoe

oerieoi

Cadmium Found Cadmium Precent Error

7/ 7/ 704 $6.

7.8 8.0 -.2 -2.5

14.0 14.0 .0 .0

10.0 10.0 .0 .0

21.0 22.0 -.a -i.0

6.3 6.0 +.3 $5.0

13.2 12.0 +1.2. 44.0.0



Cadmium Found

1,

20.3

27.9

2.0

9.7

16.1

88.1

10.1

3.9

26.3

5.0

10.0

1 3.9

16.1

20.0

11.9

20.0

8.8

3.5

17.2

19.3

20.9

21.7

Cadmium Preoent

'7’

20.0

28.0

3.0

0e0

16.0

2390

10.0

4.0

26.0

4.0

10.0

0.0

15.0

20.0

10.0

210°

8e0

3.5

17.0

19.0

25.0

22.0

(22)

Error

70d fled

..a +1.5

..1 u..

.0 .o

1.7 21.0

..1 4.1

4.1 ..o

+.l +1.0

-.1 4.5

+.2 (-00

+1.0 +45.0

+0.0 +28.6

..9 +oo.o

+.1 ..7

.0 .0

+1.9 .19.0

+1.0 -e.o

+.2 +10.o

.0 .o

..z +1.5

..o +1.5

...1 - .5

-.a -i.5



Gad-dumxlound

8.0

9.8

15.6

8.0

14.0

2.2

6.1

8.7

4.0

18.6

Cadmium Preoent

7/

7.5

10.0

16.0

8.0

14.0

3.0

6.0

10.0

4.0

18.0

(23)

Error

'YCd

+.5 4.0

..2 -2.0

-.4 -3.3

.0 .0

.0 .0

+.2 10.0

+.1 1.6

-1.3 -13.0

.0 .0

+.6 5.5



Slnco tho prooonco of on opprocloblc color in tho

blohk dotcminotlon I111 couoo o vorlotlon in tho amount

of oodium “and. tho ortoct of tho oglna or roogonto

upon tho block color I“ otudiod olong with tho dovol-

opnoht or o onltohlo procoduro. Tho roogent undor toot

no olloood to ogo 1c ordlnory glooo contolnon Ihilo

oll othor roogento ooro undo up trooh on tho «toy or

noo. Tho follorlng rooulto woro obtolnodo

1. Bodlul hatroxldo ollovod to ogo; dithloono.

chloroform, ond rodlotlllod rotor from our: coy.

lot My . no porcoptlblo color

and coy - ho porcoptlblo color

ac doy - no porcoptlblo color

ono took .- ollatt color

too tom - block or looo thoo too-tonthc nlcro-

gron of «him.

2. Dlthloono ollcood to ogo other roogento trooh

ooch do: (dithloono hopt 1h hm bottle in dork.

ot rocn tonporoturc.)

lot coy - no perceptiblo color

and day - no porcoptlblo color

so do; - ollght plmoh color obout .2 nicrogroo

ono oaoh . block or obout ono nlcrogron

(24)



too noon - roogont oxidixoo to the yolloo

diooono upon choking.

Tho chloroform ond rodiotillod Iotor could to uood oo

lone oo two to throo oooko with no porceptihlo color

hoing notiood in tho blonh. Tho dithioono any to mod

tor o longer poriod thon found ohcvo if it in kept in

tho ico box. Dithioono pro-mod in o brown bottlo ot

ioo box tocporoturoo ooo round to giro only o olight

block oftor otonding too wooko.

n. ungnitndo of tho blonk ohtoinod from tho ro-

ogonto my ho toirly-ocourotoly mooourod by plotting

tho roodingo obtainod from tho conporioon at tho hlonk

with docroooingly mll omounto or codniun. For thio

pnrpooo oamploo contoining 1.0, 0.7, 0.4, 0.1 micro-

gromo c: codniuo plno tho block in ooch cooo woro con-

nrod to tho block. on. comporioono an tho roonlto

Motod boloo inch Ihon plottod in tho anchor for tho

noin groph ond oxtropolotod to ooro rooding pro o

volno of opproxinntoly 0.8 nicrogroo tor tho block.

A otondord ootting or ton no uood for tho onploo

fiilo tho block on voriod.

(25)



Oodniuo Prooont

1.0

0.7

Oo‘

0.1

Colorimtor RoodingI

1.

50.0

56.1

26.7

13.1

(26)

2.

49.9

36.0

26.8

13o0

3.

50.0

56.0

26.9

13o3



hriouo workero lave done their research into tho

detection of trooo metelo with dithizone ueing both,

cerbcn totrochloride end chloroform Therefore, e dio-

ouooion of tho relat iwe merite of the two oo o solvent

for cadmium dithizonete 1o pertinent. It no noticed

with corbontetroohlorido thet emuloiono formed leoo

readily due to tho lower ooluhility of cerbcn totro-

chlorido in water. The meter difference in the hue

of colcre of the different dithioonotoo 1o o fectcr

giving o greeter detection pooeibility in cerbcn tet-

rochloride, but ot tho oome time thio odvontogo io

offoet by the foot that ot higher concentrationo nony

of the motollic conplexoo ere looo soluble then in

ohlorofom. no. lo true of the codnium complex. lt

woo noticed thet ebove ohout twenty-five nicrogrenn of

oodnium the reedingo obtained with the calorimeter

were very neorly conotont indiooting ooturetion of the

cerbcn totrochlorido. Ihio difficulty io not encount-

ered with chloroform.

Booouoo of the foot that tho diotribution rotio

of dithioone between the woter end corbcntetrochlor-

ido phooeo io more fevereblo for the excooo to go over

into the water photo then with chlorofo'm, the excooo

(27)



dithieone con be more coolly weohod out when ueing

cerbcn tetrochloride than when ueing chloroform. Thio,

however, eloc eliminoted the poooibility of uoing the

oonoitivo mixed color mthod for the oomporioon of the

oampleo, oince thio method dependo upon the diotribu—

tion of the excooo dithioone between the water and the

oranic phooeo. By the uoe of chloroform for the ex-

trection, the pH rouge of etobility of the motel con-

plemeo of dithixono io increeoed, et timeo aiding the

oeporot ion of certain foreign iono from tho deoired

motel. The deciding footer for the use of chloroform

for the work in thio paper woo the foot of the greotor

oolubility of the cadmium dithieonoto in chloroform,

hence inoreooing the working range.

(28)
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Due to the foot that my 0pe1ntoro are imepeblo

of uniting occurete opticol comperioono, o mthod ueing

the Genoa-Sham-Benfom photoelectric calorimeter woo

developed. The come procedure no need for the opticol

colorimeter woo found to be oetiofectoxy for uoo with

the photolomotor. However, extro care muot be need to

oocertein that no droploto of water ore lot into the

chloroform leyer inch would ceuoe erroneouo reoulte

men reed on the phoelorneter. Severe]. oerieo of oemploo

were run on the photolometer with the reoulte which fol-

low lotor. The green Conco Ho. 2 filter woo need with

the greeteot opmd of nodinge for the rouge in once-

tion. on. nxinun tronomiooion of the filter io given

oo 525 nillinicrono, tile proliminory rune upon the

dithieonote in chlorofom .ohow e moximum eboorption

ot 520 nillimicrono. fho doto which follcwo below

givee the reoulte of toot upon the four cenco filtoro.

Filter Rodingo

6 /0.0mm 20 Vacuum. 3p.“

1 03.5 53.0 20.5

a 71.5 40.0 31.5

3 99.0 98.0 1.0

4 97.5 96.0 1.5

(39)
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The photelometor reedingo were celibroted in termo

of microgromo of cadmium by plotting reading on the

photelometer egoinot the concentration of cadmium. Iho

reoulte of the calibrotion are given immediately below.

cadmiuMLProeent

0,9 l. 2. 3. 4. Average

1.0 89.5 89.8 81.0 89.6 89.4

4.0 76.7 38.0 77.2 76.6 76.7

8.0 66.9 66.9 66.7 67.0 66.8

12.0 58.0 58.2 58.1 58.0 58.1

16.0 50.0 50.0 50.0 51.0 50.0

20.0 45.0 45.0 45.0 45.0 45.0

24.0 39.7 39.8 39.5 39.9 39.8

28.0 36.0 35.9 39.2 56.5 86.2

52.0 32.6 36.0 33.0 32.7 32.8

36.0 30.0 30.0 30.0 30.0 30.0

Photelometer flooding!

Eho readingo which are croooed out were not included in

the everego reodingo becauoe of the greet differenceo.

Uoing the celibrotion curve obtained free plotting the

ebove date, the following reoulte were obtained on

eeverol oerioo of unknown oompleo.

(30)



Godmiun Preoont

0’

10.0

20.0

2.0

4.0

8.0

6.0

50.0

16.0

20.0

20.0

10.0

10.0

6.0

8.0

16.0

23.0

6.0

10.0

18.0

16.0

2.0

8.0

Cadmium Pound

4V'

10.0

19.5

9.1

4.2

5.0

5.0

29.0

14.9

zz.0

20.0

10.1

10.1

5.0

11.5

17.0

22.0

5.0

10.5

15.5

15..

2.3

5.5

(31)

v/cdflrrorficd

+.e +8.0

-.2 -1.0

+.1 +5.0

+.a +5.0

.0 .0

.0 .0

.1.0 -o.c

.14 -e.o

+2.0 +10.0

.0 .0

+.1 +1.0

+.1 +1.0

.0 .0

+5.5 «5.0

+1.0 +5.5

.0 .0

.0 .0

+.5 +5.0

+.5 +1.1

+.4 +0.5

+.o +10.o

+.5 +5.5



OodmiuosProoent

0/

4.0

4.1

20.0

8.0

16.0

12.0

6.0

10.0

2.0

16.0

7.0

Cadmium.iound Error

9/ 1/0d $00

4.0 .0 .0

4.0 -.l -2.5

19.8 -.2 -l.0

9.2 ..a +2.5

15.5 +.3 +1.5

12.0 .0 .0

5.8 -.2 -8.8

10.0 .0 .0

2.1 +.1 +5.0

14.5 +.5 +8.6

6.7 -.5 -4.8

(32)



do mentioned before in thio report, Piocher end

Leopoldi ave the following iono oo interfering with'

the extraction of codmium co the dithiocmte. oilver,

gold, polledium, copper, mercury, nickel, cobalt, and

time in lorge omounto, oo well no any iono which would

pecipitote in the elltoline oolution need for the ox-

troction of the cod-inn. Thooe metolo which were found

to precipitate were held book by the uoe of Rochelle

colt. Sondoll (7) found that thio method woo not oot-

iofoctory in holding up unpnooe which interferod

with the complete ptr'ecipitotion of the oodlium dithi-

oonote. Chromium oo chronic ion woo found to give the

eon difficulty in addition to giving a olight pinkioh—

purple color to tb oxtroot.

in the work that followo the follwing iono were

mm... for thoir effect on the oxtroction of cadmium

and. more methodo were not given by the literature for

the removal of any interference. ottonpto were node at

developing ouitable proceduroo.

The iono were: calcium, phoophote, ferric, cupric.

biomuth, lend. cobalt, nickel, cine, etrontium, barium,

chronic. oroenioue, and oilver.

It woo found thet calcium did not give difficultieo

(as)



with the procedure at developed originally in thio

paper. A oerieo of determinationo ave the following

reoulte.

Cadmium cadmium Interfering Error

22.395. 153/55 19);. you , $0.1

20.0 20.0 107 0a .0 .0

20.0 20.0 601/ 0a .0 .0

20.0 20.0 1007’ ca .0 .0

20.0 20.5 1507’ 0a .6 2.6

20.0 19.8 2007/ Go -.2 wl.0

20.0 19.8 2501’ 0a «2 -l.0

20.0 19.9 5009’ c. -.1 - .5

20.0 19.9 5504’ 0a -.1 - .5

20.0 20.0 4007/ 0a .0 .0

20.0 19.7 5004/ 0a -.8 -1.5

on. reoulte above are all corrected for a blank on the

calcium oolution and reagento of two microgramI. A11

comparioono above were made on the photelometer. No

additional precautiono appear to be noceoeary than

theoe neceooary in the ordinary procedure.

rho pnoence of the phcaphate ion eloc appeared

to cauao no difficulty. A oerieo of determination made

in the preoenoe of phoophate ion ave good reoulte with

no additional precaut iono.

(54)



Cadmium Cadmium Interfering Erroro

Prooent Pound Ion 705 200.

V 0/

10.0 9.5 100-y 204'3 -.2 -2.0

20.0 19.9 200 Y' - -.1 - .5

10.0 10.0 5001/ i .0 .0

14.0 14.0 400 1/ 5 .0 .0

10.0 10.2 500 1’ . .2 2.0

4.0 4.0 400-5/ 5 .0 .0

15.0 15.9 500 v i- -.1 ...

10.0 10.2 200 0/ i .2 2.0

7.0 (temple off color - no readinge poooiblo)

To oocertain the effecte of larger amounto of phoe-

phate ion upon the accurwcy of tho reoulte the follow-

ing oerieo woo run.

(35)

Godmium cadmium Intorfe ring Erroro

Protect Pound Ion «0d fled

q/ 0’ .

10.0 9.8 1.0 gro. 1’04‘ -.2 4.0

20.0 20.0 1.0 gro. '- .0 .0

15.0 15.2 1.0 gro. 5 .2 1.1

2.0 5.0 1.0 gro. . 1.0 50.0

5.0 5.5 1.0 gro. 4 .5 5.0

22.0 22.5 1.0 gro. . .5 1.4

14.0 15.5 1.0 35.. 5 ..a -1.4

50.0 29.4 1.0 gro. 4 -.5 -2.0

25.0 25.5 1.0 gro. . -.2 - .5

 



Ferric iron, one of the iono precipitating in

ouch alhline oolutiono, cauoeo great difficultieo be.

come of the fact that part of the cadmium dithieonato

io aboorbed on the ourface of the forric hydroxide

fonned. the following data givee reoulto obtained

when nothing io added to hold up the iron.

Cadmium Cadmium Interfering Rrroro

Preoent round Ion 10d

v v

20.0 11.5 .5 mg 1. *3 -5.5 .42.5

15.0 8.8 e5 Ina " 37.3 “5.0

5.0 4.0 .5 mg 9 -4.o -50.0

6.0 1.5 o5 l8 ' -3o5 I62o5

2.0 .5 .5 mg 5' -1.5 415.0

By trying variouo concentr5tiono of potaooium oodium

tortroto and oodiuln citrate, the boot concentration

on found to 5. five millilitero of 25% tartroto of

citrate in the twenty milliliter. of wator oolution.

Doing potaoaium oodium tartroto the following reoulto

for tho dotormination of cadmium in the prwoonce of

a lull amount of iron.

(55)



Cadmium Cadmium Interfering Error.

Prooont Found Ion yCd

Y ’Y

2.0 2.2 .5 mg r. *3 .2 10.0

5.0 5.1 .5 mg - .1 1.5

10.0 10.0 .5 mg 5 .o .0

14.0 15.5 .5 mg 5' -.2 -1.5

15.0 17.7 .5 mg 5' ..5 -2.0

22.0 22.5 .5 mg i .5 1.5

20.0 20.1 .5 mg 5 .1 .5

15.0 15.5 .5 mg 5' -.4 -2.5

12.0 12.1 .5 mg - .1 .9

nth larger concentration. of iron running a. high on

four milligram. per twenty millilitero of aqueous oolu-

tion, tho following reoulto were obtained ueing fiv.

millilitoro of 25% potaooium oodium tartrot. to tie up

(37)

the iron:

cadmium cadmium Intorforing Error.

Preoont Found 1011 «ad 10d

1’ ’Y

.5
10.0 9.0 1.0 mg n -.2 ~2.0

10.0 9.5 1.5 m . -05 -5.0

10.0 10.2 1.0 mg 3 .2 2.0

10.0 10.1 2.5 mg 5' .1 1.0

10.0 10.5 5.0 mg 5 .5 5.0

10.0 10.4 4.0 mg 5 .4 4.0



an... the 51m“. have 55.5 used with great

oucoooo in tying up iron in the doterminotion of

nickel ao the dimothyl glyoxiue ealt, oodium citrate

no tried in thio dotenninet ion with the following

"“1153.

need.

cadmium

Preoent

Y

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

cadmium

round

4/

10.0

10.3

10.2

9.7

9.8

10.3-

10.0

9.7

Interfering

Ion

o5 I8'Pb*3

1.0 mg

1.5 mg

2.0 mg

2.5 mg

3.0 mg

3.5 mg

0.0 mg

..

--.

..

ll‘roro

«Gd

.0

.3

.2

.3

.2

.2

.0

Div. milliliter. of 25% oodium citrate wer.

710d

.0

3.0

2.0

3.0

2.0

2.0

.0

3.0

In an attompt to find if other poly-hydroxy

cranic compound. could be need to ti. up tho iron,

a oorioo of dotorminetion were run ueing glycorine.

211. following table chew. the reoulto obtainod with

voriouo coneontratione of iron.

(38)



cadmium Cadmium Interfering ' Error.

Prooent Pouni Ion yea, $05

4/ y

2.0 2.1 .1 mg n+3 .1 5.0

5.0 4.5 . .2 mg 5 .2 -4.0

7.0 5.7 .5 mg 5 .5 +5.2

10.0 9.5 .2 mg 5 .2 . -2.0

20.0 20.5 .4 mg . .5 1.5

50.0 29.5 .5 mg 5 .4 -1.5

10.0 9.7 .5 mg n .5 -5.o

10.0 9.5 1.0 mg 7 .5 +5.0

10.0 9.5 1.5 mg 7 .7 . .7.0

10.0 9.5 2.0 mg 4 .5 -5.0

10.0 9.2 2.5 mg 5' .5 -5.0

10.0 10.0 5.0 mg '3 .0 .0

10.0 10.0 5.5 mg i .0 .0

10.0 9.5 4.0 mg 5 .5 -5.0

On. 1.1111115» of glycerin. .5155 511.01.215.11: 1.

my tine. that actually nooded to tie up the iron

precont woo need in each cooo. In both the table.

above it con b. ooen that tho predomimnt tendency

1. to b. olignly low. However, no precipitate of

forric hydroxide woo noted. The no. of o higaor con-

centration of glycorino we. not tried due to the fact

that a very large excooo cvor that theoretically need-

(39)



.d we. need. It 1. evident from theoe reoulte that

glycerin. i. not ao ootiefoctory eo oither potaooium

oodium tortrete or oodium citroto.

Iith cupric copper and oilver reeul to were ob-

tained oimiler to then found by Piochor and Leopoldi

(6) who extracted enell amount. of thee. iono by a

previouo extraction in an acid oolution. 2h. oolution

need for thio extraction had an approximte pH value

of 4.0. A oubooquent extraction by the uouel method

for cadmium ave oatiofectory reoulto. Howover. with

large amount. of oilver and cupric ceppor, it woo in-

pooeible to extract thee. interfering iono oomplotoly

nouai to get comparioono on the cadmium without

looing tho bulk of the cadmium along with them. The

following reoulto wero obtained with e oilvor content

up to one hundred microgromot

Cadmium Error.cadmium Interfering

(40 I

Preoont round ‘ Ion 70d 100.

‘V v

10.0 9.8 .01 mg .68 ..2 ~2.0

10.0 10.0 .04 mg Ag .0 .0

10.0 9.7 .06 me A; -.3 ~3.0

10.0 10.4 .08 as La .41 4.0

10.0 9.9 .09 me As ..1 -1.0

10.0 10.3 .05 mg Ag .3 3.0



Iithout thio proviouo extraction of oilver. the

yellow of the oilver dithieonote io proferentially em-

traotod and obocureo the cadmium color. The oerieo

run with ceppor preoent chewed the cam. offoct. - Five

who were run without the acid extraction, and no

comparioono were pooeiblo became. th. yellow cupric

dithieonoto obocurod the rod cadmium color. The r.-

oulto of five oampleo previouoly ecid extracted

chewed the following reoulto:

Cadmium Cadmium Interfering Error.

Preoent Found Ion 70d 10d

’y 0/ .

10.0 10.3 .03 mg “*2 .2 3.0

10.0 9.8 .00 mg '. -.2 -2.0

10.0 10.0 .05 mg 5 .0 .0

10.0 10.5 .05 mg i- .5 5.0

10.0 9.9 .10 mg 5 ..1 -1.0

A 1.. oempleo with larger amount. of copper war. run

ueing hypophoophcrouo acid to reduce th. cupric ion to

metallic copper .5155 woo filtered off. Howovor, due

to one influenco, theoe oampleo were found to be cuf-

fieiontly eff color to prevent accurate comparioon.

Biomth and leod are both .xtractod in 81min.

oolution, but th. dithieomtoo are theoretically decom-

pcoed at the alkalinity necoooary for moot complete

' (41)



extraction of the cadmium. Theo. two metal. were run

in e oerieo ueing five milliliter. of 25% potaooium

oodium tartrato in the otrongly alkaline oolution.

i'he following rooulto were obtained:

Cadmium Cadmium Interfering Error.

Preoent Pound Ion VCd ' fiCd

IV 4’

10.0 10.1 .5 mg Pb .1 1.0

10.0 10.5 1.0 mg Pb .5 6.0

10.0 9.9 1.5 mg Pb -.1 ~1.0

10.0 9.7 2.0 mg Pb -.3 -3.0

10.0 10.0 2.5 as Pb .0 .0

10.0 10.5 .5 mg Bi .5 5.0

10.0 9.8 1.0 mg 81 -.2 -2.0

10.0 10.5 1.5 mg Bi .3 6.0

10.0 9.7 2.0 mg Bi -.5 4.0

10.0 10.0 2.5 mg Bi .0 .C

Zinc in not too large amounto, otrontium, barium,

and eroenic (iono) teamed to give no difficulty in the

.xtraction of the cadmium dithieonate in the preeenc.

of either oodium citrat. or potaooium oodium tartrato.

Zinc in large amounto, however, cauoed an incroaoo in

the intone ity of color due to the .xtrectien of come

line along with th. 5.0mm.

For rolatively err-.11 emounte of oinc, the follow-
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ing reoulto wero obtained ueing fiv. milliliter. of

25,1 potaooium oodium tartrato or 25% oodium citrate

ao indicated.

Cadmium Cadmium Inter-fa ring Error.

Prooent Pound Ion o/Cd 520d

7 v

7.0 7.2 .10 mg mm.) .2 2.0

10.0 9.5 .20 mg 7.5 7 -.2 -2.o

20.0 20.4 .50 mg 55 3 .4 2.0

15.0 14.9 .50 mg 55 '3 -.1 4.0

2.0 2.5 .10 mg 7.5 3 .5 15.0

10.0 10.0 .20 mg anttor) .0 .0

5.0 4.5 .50 mg Zn 5 -.2 10.0

25.0 25.5 .50 mg Zn '3 .5 2.0

'ith larger amount. of mine the following reoulte were

obtained:

Cadmium Cadmium Interfering Error.

Prooent Found Ion 40d fiCd

0’ ’v

10.0 20.2 1.0 mg Zn 10.2 102.0

10.0 29.5 1.5 mg 2n 19.5 195.0

10.0 39.8 3.0 mg Zn 19.8 193.0

10.0 30.2 2.6 mg Zn 20.2 202.0

According to Biocher and Lecpoldi (6). th. cadmium my

be procipitatod ea th. eulfide and, after filtering off

and rodioolving, the cadmium my be oxtractod ea

(45) 9



previouoly. 'i‘hio, however, we. not attomted in the work

of thio paper.

A few additional couple. were run with otrontium,

barium, and eroenic (ioue) with the reoulto given in the

201101153 5.51.. Five 1.1111115." of 25% oodium 515-

rot. were added in .och ca...

Cadmium Cadmium Interfering flrroro

Preeent Found Ion 705. 7.05

’Y ’Y

20.0 20.4 5.0 mg 8r .4 2.0

15.0 15.2 5.0 mg 8r .2 1.5

10.0 9.9 5.0 mg 3r -.1 -1.0

5.0 4.5 5.0 mg 51- ..2 4.0

20.0 20.0 5.0 mg 5. .0 .0

15.0 14.5 5.0 mg Ba -.2 -1.5

10.0 9.7 5.0 mg 5. ..5 -5.o

5.0 5.5 5.0 mg a. .5 5.0

20.0 19.7 5.0 mg 1.03 -.5 -1.5

15.0 15.0 5.0 mg 1.03 .0 .0

10.0 10.2 5.0 mg 1.03 .2 2.0

5.0 5.0 5.0 mg 1. '03 .0 .0

Since no method in. a. yet been devioed for occur-

etely accounting for email emounto of cadmium in the

prooenc. of large amount. of nichel, an attempt woo

l“)



an. to eolve thia difficulty. Pitcher (a) need atan-

noua chloride to aid in the qualitative detection of

cadmium in the preeence of nickel and cobalt. Thia Ia

tried with the qmntitative determination, but no found

to be uneucceeetul, eince appreciable amount of nickel

and cobalt vere extracted along with the cadmium giving

a purplish color to the oolution o: cadmium dithiactate.

the emceee tin aleo canned a change in the color or

the extract: hence. thie idea m diecarded. the pre-

cipitation or nickel an the di-aethyl glyoximeaalt no

alao attempted. It wee round that an exceee of di-

methyl dyozime cauaed variation in colore inch var-

ied with the amount or (ii-methyl glyoxime pullout.

mretore. the exceee dimethyl glycxime mat be removed

by treating vith nitric acid. Eva: after thie no done.

it wee noticed that emall amounta of nickel were left

which cauoed an of: coloring of the extract. Bandell

in hie paper (7) eliminated the difficulty attendant

upon m1 ...... at 5:51:51 by extracting the cadmium

in a aliatly amoniacal acluticn. However. he dealt

with extremely .all amounte 0t cadmium, about .3 micro-

grama. It waa tonal that with larger amounta of cadmium

complete-extraction .- the dithiaomte waa not poaaibla.

on. following table expreeaee reanlte obtained by thie

(4.5)



eligitly amoniaoal extraction of cadmium. No nickel

no preeent in theae eamplee.

Cadmium Cadmium Errore

Preeent Round 70d $011

”V A ’V

20.0 16.0 amonia eolution 4.0 30.0

15.0 12.2 t c 2.5 21.0

30.0 25.5 5' - 4.4 14.0

5.0 4.2 5! 5 .5 15.0

The above reoulte indicute about eighty per cent extrac-

tion at the pH obtained. However, the per cent extraction

ie not conetant.

Since the precipitation of nickel dinethwl 31301:-

int ia not complete enough to remove the laat tracee of

nickel. and aleo that nickel ie extracted under the lone

oonditione ae cadmium, thie method cannot give reoulte

for the cadmium detemination.

An attempt no made to precipitate the cadmium ae

cadmium mlfide. leaving the nickel in oolution ueing

lead ae a carrier for the anal], amount. of cadmium pre-

eent. However, it no found impoeeible to get complete

precipitation of cadmium eithout precipitating a

portion of the nickel; hence. the came difficulty ie en-

countered here ea in the precipitation of nickel at the

dimtbql slyoxinm ealt.

(45)



Cobalt. inch along with cadmium and nickel ie ex-

tracted in the alkaline oolution. could not be removed

by any of the methoda attempted. lethoda for the pre-

cipitation.of cobalt by hydroxylamine (14), and anthra-

nilic acid (15) are given in the ebetracte. but neither

of theoe proved auoceaeful when tried. Cobalt then

could not be removed from the extract and a purplieh-

brows color me alwaye obtained. .

Chromium aa the chromic ion even in the preeence

of citrate or tartrate givee a purplieh tint to the ex-

tract of cadmium dithiaorate, preventing any com-

parieon with tin etandard all}. givee erroneoue reoulte

ith the photelometer. If praeent aa the dichromte the

dithieone ie oxidised almcat inmediately to the diaaone.

Large amounte of nitrate will aleo oxidize the dithieone

aloely ae will pentavalent eroenic. Since thia diffi-

culty cannot be etcpped by nae of citrate or tartrate.

cleaning oolution muat not be need to clean apparatue

due to the danger of chromate being preacnt. Large

amounte of nitrate and eroenic though probably eeldom

encountered moat be removed.

(47)



CONCLUSIONS

a method for the determination of cadmium ao the

cadmium dithieonate in which the red color of the dithi-

ocnate io compared directly hao been developed both for

the optical and the photoleotric colorimetero. The

following iono were found not to interfere under the

conditiono cf the experiment: calcium, phoophate.

ferric, barium, otrontium, eroenic (iono), mnganouo,

biomuth, lead, zinc in not too large amounto, and

cupric and oilver in email amounto. Iickel and cobalt in-

terfere. and no method no found which elimirmted thio

difficulty.

(48)
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