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The sbsorption spectrs of kojie nmeid and of
cedniun kojate in verious solvents have been ebtained.
From this date, the suitebility of kojie seld as & .
‘possible enalytiosl reagent for the determination of
very smell emounts of cndmium in water ueing nltze-
viclet absorption methods is disousseds Xojio aocid
is found %o be not sulteble for snalyeis of cadmium
using ultraviolet sbeorption methods,



INTRODUCTION

The gualitative and the quantitetive aspect of
men's surroundings will always be of primary interest to
hims A knowledge of the nature and the composition of
substances, beslides arousing our curiosity, is very essen-
tial in our daily existence. Yor this reason, the field
of analytical chemistry has received mueh attention.

Anelytical chemigtry is based upon the gqualita=
tive anfl quantitative determinstion of particular propere
ties of an unknown gubstance. From the dats obtained for
a particular property of a substance, the nature and the
eomposition of the substence is that much more known,

In trying to find out all that ean be Xnown sbout
o substance, it is quite natural to wish to investigate
as many different properties of the substance as possible,
Thus the nature of color, one of the most striking proper-
ties of many substances, was early inveptigated. It was
found thet eelor in substances is due to the seleetive
absorption of visible 1ight.(19)

Through much experimentel and theoretical regeareh,
it is known that visible light is part of a vast system of
electromagnetic radiation or redient emergy. The radiant
energy, which is more popularly termed light, is quantized,



LUITRODUCTION (Conts)

and hae cerisin frequencies. The frequency times the wave=
length is & constant, the gpeed of light. The frequency
times & oconstant, Juown as Planci's covetent, gives the
amount of emergy per wnit messurenuhits The value of the
fyuqueney determinss the type of radisnt suergy that is pre=
gent. Radlent energy with very large esounts of enevrgy o
very short wavelengths sre termed copmic reyse (4) 4s the
wavelength of the radiant snergy is incresped, there are
oblained regpectively! gemma yeys, X-reys, ultrsviolet light,
visible light, infra red light, Neritsisn weves, snd lestly
wivelesn wavess{18) UThe latter have very long wavelengthg
and very small smounts of energy.

Hot only visible light, but rediant energy of sll
other wavelengtho mey alec be absorbed. the wavelengthe
of redisnt encrgy ebeorbed depend wpon the atomic and molew
oular structurce of the abporbing substence (9}, aud the
amount of radient cnergy sbsorbed deponds upon the concene
$rotion and the guantity of substance preosent. (26)

In this research, we are intercsted in abuorption
analysie in the ultravicled snd visible region. Spectroe
photonetric methods of snslysis ave woeful in the determinas
tion of very emsll smounte of gubstences, amounte of the
WraAMWWMM,WMWMW
tivity of the measured substunce is high enough,

| mmuswmmmmmmmum,
egpecislly for determining traces of eadmium in industrial



INTRODUCTION (Cont.)

- wastes (1), A number of spectrophotometric methods are
in use today for cedmium, but none of these is completely
satisfactory for one reagon or another (1) (33)., In the
case of the colorimetric determination weing dithizone,
which is probably one of the better known mékbads for
cadmium, the main problem is the interference from other
iong, especially zine and lead. Devising the analytical
procedure in order to eliminate this interference makes
the entire analysis too long end complex 1o be satisfuace

tory for making meny rapid determinations.
A simpler and quicker method of determining

traces of eadmium would be very welcome. The purpose of
this research was to determine the usefulness of the
chelate, cadmium kojete, for the quantitetive determina-
tion of traces of cadmium in water, using absorption

gpectroscopys



HISTORICAL

In 1868, Graebe and Liebermenn (19) realized
that in order for s compound to possess eolor, visible
light hed o be absorbed. This was one of the early ree
ports of the existence of a relationship between light

absorption and molecular structure.
In 1876, Witt (38) produced a theory which

attempted to correlate 1ight absorption with the mole-
cular strueture. Hig theory held that & gubstance, in

order to selectively absorb light, had to contaein certain

unsaturated groups which he termed ghromophores. He also

seid there were other groups capable of inereasing the

intensity of absorption without themselves gbaorbing.

Thege groups he termed guxochromess witt's theories are

still valid today. Henri (25) extended Witt's theories
%o inelude other regions of the spectrum besides Just the

vigible.
rhe currently used theory on absorpbion phenomensa

was put forth by Bury () in 1935, His theory stressed the

importance of resonance in the molecule upon the selective

abgorption, and gorrelated the resonance theory with the

ideas about auxochromese
The theoretical quentitative aapeoc
ion can be achieved through the approximate solution

t of selective

abgorpt



HISTORICAL (Cont.)

of the wave equations which deseribe a particular mole-
oule (9). It is presently thought that the absorption
of ultraviolet and viegible light is due to the vibration
of eleetrons within the molecules

One of the easrly records of work in guantitative
spectrophotometric analysis is given by Hartley in 1883 (22),
when he published sone observations on his experiments with
absorptiometric quantitative analysie. In these experiments,
Hartley noted the thickmess of the eell, containing the
solution, at which the transmitted light wag reduced to zero.

By verying the cell thiciness with the wavelgngth, he was
1y the absorption band ghape.

ng the cell thiclmess constant
the golution till the
Ain absorption curve

able to record guantitatlve
Other work consisted in Xkeepl
and verying the concentration of

transmitted light was reduced 0 zeroOs
is then obtained by plotting the wavelength against the

concenirations
kruss (4)(24) in 1890 recognized the possibility

of the spplication of absorptiometrie methods Lo guantitaw

He wrote a book at the time, in whiech

tive analysis.
were treated. This

quantitative absorptiometric methods

was later revised in 1909 (24), 9ince then there has been

numerous date snd literature on quentitative abgorpiiometrie

methods (4).



HISTORICAL (Conts)

the dithigone complex with cedmium is the moat
‘sommonly used method todsy for the spectrophotomedrie
snalyede of very small smounts of cadaiums The use of
dithizone ss an analytiosl resgent for heavy metels wes
first vealised in 1925 by Plseher (12)s He snd coworkers
have developed methods for the determination of tracen of
many of the heavy metals with $his reagent (13).

A move recent methed fLor trases of esduium,des
geribed by Serfese (1) in 1952, vas based on & methed
developed for traces of esdnivm in eleetroplsting deths
by the imeriean Fleetroplsters Soclety hesesreh (ommittee
from 19471951, Sondell {38) deseribes thres extretion
mothods veing & conplexing egont with cadniun and nsing
gpectrophotonetrie anslysioe 1wo of these use dithizone
88 the eomplexing agents One was developed by Ghupeh (7)
end the other by Fisecher and Leopoldl {14)s 7The third
methed piven was developed by gholek and Hubbard (6) and
1% uges Di-B-Baphtbylthiosarbasone ag the complexing
sgent. 4 nethod using s-merespiobenzothisgele ls given
by Sertess (34)s Nethods for eaduium using hepsoxime,
diphenyloarbezide, mevesptobengothiazole, dimethylglyoxime
and 1, 10 phenanthrens sg eomplexing sgents are alsp known(l).

Moet of these methods for eedniom work guite
satisfactorily only after the interforence from other eations



HISTORICAL (Contd.)

is removed. The procedure in removing these ecations
usually consists of long and involved extractions with
different solvents at various pH's. Even though the pro-
cedure may be fairly foolproof, 1%t is too long and not
sultable for a technician to runs This is undesirable if

it is to be applied Ho routine analysis.
vor further reading on the higtorical aspect of
(10,11,20,23).,

et of guantita-

radiant energy, the reader is referred to
For further reading on the higtorical aspe
tive spectrophotometric gnalysis, the reader is referred

$0 (1,4,22,24,33)



sadiont snesgy, of whieh visible 1ight and ultres
violet 1ight are perbs, hos o cortain amount of enevgy Ge-
ship Between the ITwequeney of Mehtyvs the wavelengih nf
light 3 , and the apeed of light g is given by the Tormula
The emergy of the radiation is fireetly propor-

tionel o0 the frequenaye It ig given by the formule E-hvu .
s coustont Re

where the proportionality constant is ¥
When en stom or e molecule absorbs rediant energy, 1% is
believed that the atom or the molesule undergoes certein
enepgy chenges (28)e there nre geversl different weys in
mwmamwummmwmm« There nay
be cloctren transitions in the nbem, vibrations of the atom
or rotetions of the molecules In molecules, the differcnt
atons produce enough posesibilities of enewgy changes so that
gome 1ight is sbgorbed st every wavelength ghis produces
umtmwmmmmaamw & band spectrun,
&'memmwtwmﬂmtmmhmm
mmmmswmmmmumaummmm
strusture of the moleeule wnd of the conplituent atoms,
Mummuummmmmw. tho
moleoule is in a state of highor enewey or what is often
termod, on oxcited slatds According to the resonance theory,
mum“amumuummamumwm

¢=vax




THEORY, Part One (Cont.)

higher energy resonsnee nﬁaﬁm Veing ethylene as an oxe
emple: Below sve ghown the thyee resonunce forus possible (10).
(I) iz the steble or the lower enexgy ctete wnd the other

twe are the higher eneryy obates o exeited stales. The
ethylene molecule will be trensformed from the structure
repregented in (I) to that vepresemted by the two exelied
stetey upen the absorpiion of light with the corresponding

amount of ensreys

secording to the moleeular orbitel thoory, the
arrengsment of the carbun-carbon bonding ls the deeiding
faotor, In o coupound with n single eavbon bend, the bond
batveen the onrbon stoms i very sbeble snd Lo termed e
‘signa type bonds It tekes 8 large smownt of emergy to pud
& compound of this type into en exoited state. That is why
& compound such as ethenme sbsorbs ef sueh s low wavelength
mmmmmmamm-mwnm'mu
enavgy. | '
mmmmmma,mmwxmuuw

trons between the two cerbon atems form the siama type
bondings The other twe elechrous are move mobile and not



THEORY, Part One (Cont.)

82 closely atbtacheds They eve termed "pi® eleeirons, 7Thie
ia shown by the ptruetural representations of the etiylene
and othene moleoules in IV snd V respectively.

eigne elevtvons slgme slestrong

N & Hiae: S

c - ~C\
[ ]
Vo H ‘ H b

spd® elegtrons
Iv Ethylens i V Ethane
o exeite these eleotrons o wnother molecular
0rbit of a higher evergy state is muoh essier then 1% le
to exeite the eleotrens of the sigme types Thus the com-
vounds with eerbon dovble bonding sbsord radisnt energy
of longer wavelength or less emergys “his moves the abe
sorption speetrs inte the ultrevielet rogion for many

compounds that heve carbonecorbon bonding other then single

bonding, cmmmmWMWWmMmmm
eertein ohemical groups known ss chromophores NevVe sboorpe
tdon spectra in the visible region, thus mekiang the compound

colorod,

Por further informetion on absorption and moleculaz
sbructuve, the reader is referred 0 (3,4,8,9,10,11,17,18,
£0,25,28 35,86 457 ) o



THEORY, Part Two: The Beer-Bouguer Lew of Light Absorptien

The Beer-Bouguer lew (28), which relstes Hhe
smount of ineidont light sbsorbed with the mumber of abe
serbing moleonles prescnt in the path of the light beanm,
is the basic law of the sbeorption of redlent energy.
This law is often referred ©0 as the Boer-Lambert law bub
the Lembert part of the law was actually formulated by

Bougver (£){28).

4171 = ~Ein

where I is the intensity of the monochromatic light, K
iz the proporijonality comstant eud m is the mumber of
moleoules in the path of the light beam. This equation
is integrated between the limits I, and I end Detween the
limits of O and ne Thus:

In 1/1,= «¥a or log Io/I - Kin

4t o perbicular temperature, the nusber of the
molegules present in the path of light is determined by the

congentration and the smount of solution (that is, the
length of path through the sbeorbing solutien), Now the

lew uey be stated in its woual form:

log Io/1 = Kgel = 4



PHEORY, Part Two (Conta)

vhere ¢ ig the concentration, 1 is the length of path and
4 1o the ebsorption or sbeorbanoys

Bouguer's part of the lew rolates the smount of
ebsorption with the length of path while keeping the cone
centration congtent. It was worked out separetely from
Beer's lew which relates the smount of sbeorption with the
concentration while keeping the lemgth of peth constant,
The Bouguer part of the law hus ne exeeptions, However,
the Beer part of the law will geviate fvom linearity if
there tawwwmstmomdmmhuun%
tion esused by dissociation, sssceintion or & tautomerie
shift or if the blank cell does not corpengate Yor losses
due %o reflection (£8)e

ohe units of puth length, whieh ecorresponds $o
%mxmmmmmmuumum&mm
ton, 15 elmost always the eentimeter, The wnits of congens
tration very, however, Grems po¥ 1iter and gren moles pey

liter are the most commonly ugeds
ohe wnits of the proportionality congtant depend

ghe eoncentration and the path



THEORY, Part two {Conts)

respectively, then % is the symbol of the proportionslity
constant and it is lmown ag the speeific extinetlon coeffiw
elent or the sbmorbaney index, Vhen centimetors and grem
moles per liter ave chopen ap the units, then 4y or € is
the gymbol given to the proportionality congtent end 1% is
known sg the moler extinetion esefficient or the molar abe

80rbaney index.
vor further information sbout the Beex-Bouguor

Lew, the peader is veferred to (4,8,10,11,20,28),



THEORY, Pert Throe: The Chelate gadnivm Xojate

& cholate compound i formed by the chemicsl oome

Mmﬁam of & motal fon snd & eompound which has two oy

more donor groupse. Time & aompound with one or more rings,

tively, is formeds By & donor group i meant & group

- Peupeetd
which donates one or more elegtrons. vhe netel fon is
nelke its elec-

snxious to acquire ome O MOre eleetrons to
tronie structure more complete and steble, The number of
electrons & metel wishes B0 sequire &opends upon its valenee

end xta coordination number {58)s In the chelate, the bonds

the chelating egent end the motal ion.
mmmgmmwgwmammﬂmw
: ,m«wummmmmwmu

own ss & simple metel compleXs rollowing is & sohematie
simple metal cemplex

dlagrem of the distinetion between the
and the ehelate, the complex metal complex:

i A'\

AT M +2h-R o A-TI-A
: gl
metal chelate

sinple metal complex
wheze Il peprogents o mebel 1o0m, i represents & eomplexing



mmg Pard three (Cont.)

sgent with one eleotron donor group, and A=l vepresents s
chelating egent with twe eleotron donor gronps (26).

¥ojic acid, whoge structural formmle (£7,29,21)
is given in I, is & chelating sgent with the muelear hydroxyl
group snd the deuble bonded oxygen most likely being the
tuo donor groups. e

ll."
Ho-s 3
2 loyfd" e

G dig o b b AN

TV (xojde aold)
rollowing is the resetion of oadmium with Xojic meid:

0 A\ . CHy OH °/~\,a\

N\-on
R N -
“0(.\'\1(\! .y CJ # HO'L/ Hocﬂil\‘J"o" \o,v1

\§ / b ]
mna aoid dadniva kojate
HeCoO'Eane snd G.H.M0Pey (30), on the basis of
Bagnetio mmm;ib;imw mensurements, mﬁ@w thls %0 be

~ the mowt prodable strueture of esdnium kojate,
¥oy further reading on chelete compounds snd on

kojie neid end its chelates, the reader is referred to
(26,87); (£7,89,80,81) respestivelye.

0 /AN CHOH

+2 H

+



17

THEORY, Part Four: nuentitetive speotrophotometric inslysis

in guantitative snelysis using ultreviolet gpootro=
photometric mothods, the semple under exsminstion is exe
trected with s suitable solvent, one which does not sboord
apprecieblys To operate the speotrophotometer, the wave
length ip fixed end the corsesponding light is sent, first
through the solvent alone end then through the gompound under
exemination Gisgolved in the golvent. The length of path
eorresponds to the dimensions of the cell containing the
polution snd ie fixed., The sbsorption of the solvent ig set
at zoro, Then by means of & photoelectrie cell pyoten end
& gelvenometer, the sbgorption of ghe compound cen be read

direotly from & potentioneter gople.
1f o partiounlar gonpound abeords, then o oharactere

obtained by plotting the abaorp=
¢o be suitable for enalytionl
In an anelytiecal

1etle graph can weually be
tion against the wavelengtBe

progedure, the wavelength st which the
taken s the fixed wavelength, since 1% is uoually the moab

aceurate portion of the ourve, the most distinguishable por-
tion of the eurve mmuﬂMﬂWM; By keep=

ing the wavelengih sonstant, & straight line greph cen be

obtatned by plotting concentration against cbsorption 12



THRORY, Payt Four (Conbs)

theve i no devistion from Besr's lew, AB SOON 8B & Beerts
law guave uaamumamammmmwzmua

Beample Mmmgmm#m,u determined snd the corres~

vor further information oo quantitetive mnmn
shotometris snalysis, the reafer $s referred t0 (144,816,

£848%).



shis sesearch inmvelved the investigetion of kejie
soid $o deteraine ite usefulnosn se o Pongent for the
uantitative snelysis of very smell smounts of eeénium in
*mmmwutﬂmmmmmmmmw
lion perto of weters |

MWWMMMnﬂWM~Mm£w
speetrophotonetric anslysis, theve axe & nosber of vequlres
ments that must be fulfilleds rieet of all, & suiteble
ummmmummwmwwumm
mwwnmmmmwxmmmwﬂa
hmwuawgwww»&mm
tmmmmmmmmmm»mmm
Ao salventc supestadly 57 We RajSe aeis Elusstves 14 sy
Gegroe in the seme polvent &8 the © calmiunm bojete doess IF
WWWﬁWMWMmMWMW;
MmMMmmmmmuhmwwm
osfrinm Rojutes mmmmmummm



THEORY, Part Pive (Comt.)

1y proportionsl to the smount of sbeorptiom, &b & particu-
lar wavelongths

Howevey, 1f the kojie acid is alse soluble in the
solvent, then both the kojic acid and the codmivm Xejate
will be extraeted with the solvent, If the sbeorpbion
mexing for the kojie soid and the eadmiun kojete in the same
solvent ocour st different wavelengths, then 1% 1o possible
0 run a quanbitetive dotermination on the «Mu kojate

by observing the sbsorphion maximum sfor the cadmium kojate
hpd subtreeting the smell amount of abgorption due o the

Xojde meid. . However, 4f the mexims of the sbsorption
spectye for kojic seid and fo¥ cadnium kojute ocour st the
seme wavelength, then the shaorption of the two compounds
will seinforee onch other end it will pe difficult to deter-
Mine what fraction of the total absorption is conbriduted
by emeh of the components
17 the sbsorption gpectrun of the chelate in some
golvent is mﬂ to be suitable for the analysis of cndmivm
pssury to dotermine it other lons

alone, then it ie nece
(madnly estions) would interferss It there is interference
from other Sons, then the neture of the interference and a

nosns of getting rid of 1% must be detormined. Intexrference
thet is not easily eliminated wonld render the kojie seld

ugelegs ag an analytical vesgent for this type of analyels.



EWPAL, Part Ome: Aperatus

4 Model TU Beclmen Speetrophotometer, sexial NHo.3210,
was used $o obtain sll of She ultraviclet sboorption speotra.

The sensitivity contrel was sed ss far countercloekwise as

posaible in order %0 give a minimum pensitivity end enable

the readings to be takenm nt 8 low wavelengthe as poasibles

I the solvent is water, thin emshles the vendings to be

Saken down $o 210 mas The siit width for each reading was

mwmﬂmmmoatwmhm,
Wstﬁwmfmmu@ﬂwm takon at l0mu

intervals and, as She maxims or minime in the absorpiion

weye approsched, the interval detween bhe repdings wap re-
sometines, an intervel of

duoed to © mu andl them 10 & Wi

5 mu wes meinteined Shroughout sa entire rune
Hatohed, fuped-gilics eelle of oouare oross secs

tion wore useds They were 10 mm + 0,01 mm on the inside.
she Roller-imith torplon type balance with a full

”WwwammwmnMMWiWWM*mmM

welghed less then 400BGe




1., The kojie eeid used in the researeh work wes
obtained up & resgent chemical ssmple from the Chas. Plizer
and oy ,inee, Hew Yorks

2, The Gadbtum metnl used to make up ome of the
atoek gpolutions of cednium wes Beker chemiocally pure metels

%, The HC1 used in the dissolution of the ondmiun
wag chendeally pure, soncentented HCLs

4. Solyents: (8)s The waler used was ddstilled
water thet had been redistilled from an alkaline permongane
ate selutdon. This procedure removed nimute traces of netals,
12 there were anys About 2 grems of Kinly and 3 greme of
NalH were mized with about 700 mlse of distilled water in &
one liter adstilling flask, The XKinOg and the FalH were
replenighed pericdieallys

(b)s The 95p othyl alcohol used wap of resgont

{¢)e The solvents A10WENC, isoootane, and

ehloroform were 6ll chemieally pures

-l



The cadmiun gtock polution was prepered by dissolve
ing 50 ng. of mmmmawmmmnmxmm
Uluting to & 1iters with the doubly dlstilled weter, This
Produces s 0,0008204 Moler solution of cadmium in weler that
18 vory slightly seidie, Alse ueed 85 & S0UreS for cudmiuvm
ion wee o 1,16 ¥ Ca(M0g)p solution. rhis had been previocusly

Bade by dissolving 576 grems of Ca(NOylp in distilled water
ghe lstter solution was used

and diluting up to s liter,
more them the fosmer Gue to the greater comcentration of
tudnium jonge .

The 04,1000 X NaOH golution, used a9 & solvent, pree
Viously had Deen msde up with reagent HeO¥ and @letilled

Water, A
It wag attompled 0 make solutions of kojie eeld

A0 shab of the selvents sslecteds Knjls seid salutions wers
Sussessfully mede with water, 95p ethyl aleohol, and 0,1000

¥ FadN, a1l of whieh are quite polar, and with diezane whioh
16 leas polars he Rejfe seit selstion in water was 0,0002824
M, in 98¢ ethyl aleohol 0,000358 X » and in 0,000 ¥ HeOH
0.0002204 ¥, The solutdon of kojie sold in dioxene wes made

88 concentrated as possidle, The dlexsno with excess kojie

8014 was stévzed Shoroughly snd allowed to sit leng encugh €6
Sosume thet & mearly ssturated solution had been obtained.



EXVERINENTAL, Part Three ((Cont.)

It wes found thet kojle scid does not dissolve
very readily in isooctane axd othey nonpolar solvents. in
sbaorption spectrum on isocotane with execess kojic seld in
it ghowed ne absorption, indiosting that there vee et the
mogt very little kojie nmoid dissolved in the isocctane. Mo
abtempt wes made to meke s golution of kejic ecid in chlovos
form, the other solvent selected, becsuse 1t hed alvendy
been found out that chloreform wes not a suiteble solvent
for cedmiuvm kojete,

fadniunm kojete solutions were sucecesafully made
in water, 0.1000 ¥ Hall, 95¢ ethyl sleohol and dioxane.
Yaeh of these polutions wes mede se ooncentrated ss possible.

| it wes Tound that cadmiuwm kojate would not dis~
golve sppreciably in either isocotane or chloroform. Absorp-
tion gpeetre of isovetune and chloroform with excess kojie
aeid put in showed praectiocnlly no sheorption, indloating
that very little candmium kejete had dispolved in these sole
venta.



SHTAT HESULYS, Port Onet Freparation of the Cadmium
¥ojate

The cadmium kojete was sueeessfully prepered by
following feirly closely the procedure deseribed in an artie
ele by Carlo Musante (29) for the formation of notal kojates.
Aceording to the method deseribed, the selution of en ensily
soluble salt of the metal is sdded to a solution of the kejie
aoid in stolehihetric cuentities, keeping in mind thet the
xojie ecoid is monobasic. The resulting solution is then
puffered with & necesssdry qmmaw of sodium acetate and
neated to the boiling peint, $411 when, through cooling and
stending undisturbed, the expected compound erystallizes oube
vhis i Piltered, washed with water and dried at 150°C.

In the laboratory, £5.0 ce of & 0.0116 ¥ ca(N0g)e
golution and 26,0 oc of & 0.,08884 B kojie aeld solution
wore mixed togethexs 10 mls. of a 0,28 ¥ sodium scetate
solution and 20 mls. of & £.0 B soddum mcotete solution were
added $o the cedmium nitrate~kojie seid solution. The re-
sulting solution wes heated to boiling for e short time end
then sllowed to cool slowly end undisturbed. Upen eooling,
no preeipitete formed in the yellowish greon~brown liguid
as should heve socording to the method descridbed,

Assuming that the concentration of the cadmium
kojote formed was emall enough to remain in solution, eboud



ENTAL RESULTS, Part Oue (Conts)

20 a:l.u. of the yellowigh greenebrown golubion wae evepos
rated to dryness at room temperature. A preeipitate of
the seme odlow renained.

1% wes pretty eonclusive that this precipitate
conteined the codniun kojate desirved, In the literature
' (29), the colew of hagel ds given s the coler of cadnium
kojate. Naged oould prodably be considered to be fairly
close to a yellowish greenebrown color. The point of de-
composition of the endnium kojate is reported (£9) to be
avound £90%°¢, Upon hesting the prepered ssmple up to
3009, 1% turned %o & grey color snd powdeyed essily,
ghowing thed o change of some sort, quite probably decome
position, had teken place, The similarities of the
properties of the precipitete with the properties of
cadmiun Xojate eited in the literature end the falrly
securstely following of the proceliure deserided, leeds
to the sssumption thet this preeipitate conteins cadmium
kojate.

vemmmmmmmmmmmu
the precipitate since they were present in the solution
that wes evaporated to dryness. However, considering the
effoots these other compoments of the preeipitate would have
upon the qualitmtive experimentel work to be run first, it
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EXPERIMENTAL RESULTS, Part One (Cont.)

was decided that purification §f the eadmium kojete was
not necessary, '

¥hen equsl emonmts of & 0«0232 W CA(NO3)e solue
tion and a 0.02284 ¥ kojiec sold solution are mixed together,
theoretically all of the kejie seid would reset to fomm
. ondmium kejates The musher of moles of eadniwm kojate
formed from the evaporstion of 20 mleg, of the solution would
be 0,000070¢ After the formation of the cadmivm kojate,
there would be 642 10°° grem equivelents of cadmiuvm lonm,
less than 0,00016 grem equivalents of 05", less then 0,018
gram equivelents of Ggilz0p , snd 0,012 grem equivelesnts of Na's -
There would be less N0z~ and OglzOp™ than the total originel
congentration of these lons sinee some of each of these ions
distill off se uitric and seetle soids respectively, as the
eveporastion is procecding. Hence, the precipitate is likely
%o contain very suall emounts of C&(OpHg0zlpand CA(%ly)y end
relatively larger smounts of NalOy and HeGpiyOpe

ginge ell of these compounds are either coloriess
or white (21), they would have mo offect upon the celor of
the cedmium kojate in the precipitate. Iikewlse, since all
of these componente have distinet melting peinte, most of
whieh sve shove 700%g,, the decompomition of the cadnium
kojate in the precipitate would mot be effected, lience,



PXVERINERTAL RESULYS, Part One (Cont.)

these sdditional compounds in the precipitate had no effeot
upon the properties of the precipitete which led to the ape~
sumption thet 1% contained cadmivm kojate,

By ruming water through the preeipitste, these
- @alts eould heve beon extracted from the cadmium kojlate.
This would have been necesgery if quentitative experimentel
work had been done, .

Only two harmful effects that these compounds
might have upon future experimentel work present thempelves
to the suther, First, the emount of abmorption that they
would produce in solution welative to thet of the cadmium
kojate might be layge enough to reduoe greatly the senaie
tivity of the cadmiuve smalysise. 3By ruming absorption
gpectrn on C&(N0z)p in water snd NulpHzOp in water, ghown
in greph Ve 4% was found that the fons in these concentre-
tione have & negligidle sbeopptions It would alse be oupe
posed that these ions in other pelvente would not absord
eppreciebly. ‘

7_ secondly, thege salte might hinder the total solue
vility of the cedmiuwm ko)ate. However, the only selts that
would heve eny effect upon the solubility limit of the ocade-
mivn kojate would be thoge with o common ionj in other words,
the cadmium selis. However, the relatively low coneentration



EXPERIMPETAL RESULTS, Part One (Cont,)

of the omdmium selis in conpevison with the eoncentration
of the cadmium kojate would meke the sommon jon effect
negligible,

Having sedium scetate present has one disudvenw
tege in that, if it wes desired to make & solution of the
eodnivm kojube in either seid or alkell, the sodiun sce=
tate would aot as & buffler and keep the solution neutral.



EXPERIMENTAL RESULTS, Part Two: Abscrption Speotra of Kojie
| | A0id in Verious Solvents

Abporption speelrs were taken on the various solue
tions of Xojic sedds They were detormined using the pure
solvent ss the reference liguid. Grephs 1,111,111 show ro-
gpeotively the ebporption speotrum of 0,00028224 M kojic seid
in 0,1000 ¥ NaOH, of 0,0002224 M kojie seid in weter, and of
04000388 ¥ Xkojie scid in 955 ethyl aleohol. Infletermining
the absorption spectrum of kojic seid im 0,1000 X WeOH, bhe
reference liquid was pure water. An sbsorption apectrum wes
run on 0.1000 § NeOH ageinet water to deternine if 00,1000
H BaOl had eny significant sbgorptien. It is evident from
the ahsorpiion spectrum, shown in graph V, that 0,1000 ¥ RelH
has a negligible abporption. It was slso found thet the ebe
gorption spectrum of Xojic acid in acidic solution is very
sinilar to that of kojie avid in water,

Sineo the kojie seild disgolved so well in the dioxane,
4t was nececsary to dilute the nearly seturated solution in
ordeyr Tor its aboopption %o be compatible with the espmoity
of the speetrophotometer. Upon dilution of the solution 615
times, the sbsorpiion of the diluted solution could be taken.
This abgorption speotrun is shown in graph IV.

4s has elresdy been noted in the meetion on solutions,
there wos mno absorption in the iscoctane contalning execees



BXPERIMEWPAL RESULIS, Fert Two (Cont.)

kojie meid, indicating that, at most, a negligible smount
of kojie seid hed digsolved in the iscoctane,



EXFERINENTAL RESULTS, Part Three: Absorption Spectrs of
Cadnivm Eojete in various solvents

Abgorption speetra were taken on the various solue
tions of dGedmium kojate, The satursted solution of cadmium
Xojate in water wes diluted 25 times in order o get @ suitae
~ble abaserption spectrums This is shown in greph I1l1s It wae
found thet the sbgorption spectrum of cadmium kojete in 0,1000
¥ NuOH 4o very similar to that of cadmium kojete in weter, The
resson for this is prodably dune %o the buffering setion of the
sodivm acetate. The absorpition spectra of the saturated sole
utions of cadmium kojate in 904 ethyl slechel and ddoxane are
shown in grephe IXI andl IV respectively.

The absorption of saturated selutions of cedmivm ko=
Jate in ehloroform and scootene weo negligidle, indioating
that cudmium kojate does not dissolve readily in either of
thege solvents.

In showing the absorption speetra in grephicel form,
the velue of the optical denuity or absorption read off the
spectrophotometer 1s plotted sgalust the wavelengihe The
velue of the opticsl dencity on the spectrophotometer dial is
linearly oalibrated with respeet to concentration so thet s
reading of 1.0 means that the sbgorption is 10 tines greater
then that at e resding of .10 snd, hence, the concentration
is aleo 10 times greaters The absorption is usually sosled



EXPERINENTAL BESULLS, Pert Three (Cont.)

in molar sbgorbaney units. NHowever, beceuse the date was
to be uped in only & cualitetive manner st first conversion
40 the molar scale wes deemed WNCCLHLETY .
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DIsCUssSION

For cadmium M:&h to bo guitable in spectrophoe
tometric enalysis, it s firet necessary o find a good
polvent for it, m in which the cadmium kojabe 1o soluble
enough 1o give an sbeorption of from «2 10 8 on the spece
trophotometers It wae stbempled to meke solutions of cudmium
xojate in water, im 0.1000 ¥ NeOH, 95% ethyl aleohol, dioxe
ane, isoogtone and ehlovofeorms These golvende represent a
wide rauge in polarity end type. is is shown by graphs 11,
1il, ond IV, the cadnium kojate is soluble enough in water,
96% ethyl aleohol, and dioxenme respeotively to give guitadle
absorpiion spectre. The cadmium kojate did not dissolve
enough in either chloroform or jsooctane 1o make them ugee
ful solventes The poluition of cadmium kejate in 0,1000 ¥
Felll wes Wuifered by the sodium scetate and this produced
an sbporption speetrum similsr to that of cadmium kojate in
waters

Having found suiteble polvents for csdmivm kojate,
it wes neceasary to dotermine if the sbsorption spectrum of
kojio acld in the solvent would interfere with that of csdmium
kojetes Interference from kojie meid will be gsused if the
wavelengthe, et which the maxime of %ojic aeid and the mexima
of cadmium kojete oeour, are the seme, The sbsorption of
each component wonuld then greatly reinforee the other snd it



PISCUASION (Conds)

would be diffieult to kmow what fraetion of the absorpiion
was due to w speelfie eomponents

4 eomperison of the absorpiion speelrs, run on
the solutiona of Xojic seld snd cednium kojate, show thet
the sbesorption mexima of coadmium kejate vre mesrly didentie-
col in essh case to the abgorption mexime of kojie eeids In
gveph II, the wevelength at whioh the shsorption meximum of
the kojie smeid in water oecurs is around 2¢5 mu end that of
the ceduium kejate in weter is arovnd 270 mu. Zven though
there ip & slight differenpe in the wavelengths, the absorp-
tion of the two compounds et the maxime would principelly
veinforer emch other, snd make gquamtitative dcterminetion of
the eadmium kojate diffieults In spectrophotomstric analysis,
these two compounds would wery likely be in seolution together,
pecange of theisr similar solubility propertics, Hence, water
wonld not be a sulteble solvent,

in greph 111, the wavelength st whieh the absorption
meximunm of kojie acld oocurs is around 270 mu end thet of
eadmium kojate is sleo around 2Y0 mu, IThus when both of these

: mmmumuuuwma,mmmxmnmm

ine 48 veinforeed by cech other end the quantitative determinee
‘tion of the csdmium kojate ie Giffieult. lenee, 95% ethyl ale
eohol is not a suitable solvent edither,



DISCUSSION (Cont.)

I graph IV, the wevelength nt which the absorption
maxinum of kojic nold in dioxenme ocecurs is round 262 mu and
that of cadmium kojate In dloxane 1o eround Z68 mu. The
slight @ifference in the wavelengih ot the maxima is not
enough o keep the sbsorpllon of cach conponent Irem intere
foring with that of the other. lence, dloxane is not o sudtaw
ble solvemt either, |

1% appesrs that the cadmium kejete must be somewhsat
donic sinee 1t dissolves im polar solvents end herdly ot sll)
in nenpolar solvents, The two free hydroxyaethyl groups prode
ably also contribuic to its being soluble in poler solventes

Siuee a falrdy reprepentative group ‘ot solvents in
reapect %0 polurdty were tricd and nowe of these was found
euiteble, it wes coneluded thal mogl other solvents would
elzo be unevitebles On the basisg of thw experimental work
reported heve, the kejle medd 1z not wselful ss an enslytiosl
resgont for the spectrophotometrie determinstion of very smwall
amounts of cedmium.

it is interesting to note that the absorption of the
satureted solution of cadmiuvm kojate in dloxsue was compatidle
to the sbgorption ecapmeity of the speetrophotometer, whereas
the satureted solution of kejie acid in dioxsne had $0 be dle
luted sbout 400 times in order te be within the seme genersl




DIBCUESION (Cont,.)

mugnitade of absorption. 7This means either the cadmivm
kojete produces the ssme smount of ebsorption ss the kojie
seid but is only sbout & a8 soluble in dioxane, or

the solubility of the cudmium kojete in dioxene is the same
ag that of kojie eeld while the nbsorption of the oadmium
kojate is 400 times less, Neybe & combination of different
solubility and different shaorption is actunlly the case,.
sinee the absorption apeetrum of the cedmium kojete is so
gimilar to that of kojie acid, 1% iz thought by the author
thet the former is the ossee If 1% $s, the absorption speee
trum in each onsne ip due to the kojie neid 1@ in solution,
The much lessor colubility of esdmium kojate ig prodably due
to o legser degree of fonization of the chelate and to fewep
free hydrophillic funetimml groups in the sholate,

For fature work with eafnium snalysis, kojie aeld
eould ba investignted furthers If the kojic selid could be
extraoted in sone m!.vmt magk more veadily then the ozfnium
kojate, then & sultadles analysis might bde posszidle on the
cadnium kojute remaining behind.



o

The absorption speetrs of kojic scid in water,

954 ethyl sleohol, snd dioxsne heve been determined, The
ecafmium kojate was prepared by s method deserided by Carleo
Mussnte (£9) snd the absorption speetrs of cadmium kojate
in water, 96¢ ethyl alechol, and dfoxane have heen deterw
mined, | '

The nezsligible sbsorption of isooctane and ohlorge
form with execen cedmium kojate and of icovetane with exccss
kojie acid indieate thet cadmium kojate iz not sppreciably
soluble in either isooetene or chloreform and thet kojie .
acid is not appreciebly selubdle in iscoctane.

ginee the abeorption gpectrs of the cadmivm kojate
in the various solvents is similer ¢o that of the absorption
speotrn of kojie acid, 1% s readily seen tha® these partie
eular solvents are not suitable for the uwltraviolet spectro--
photometries detemination of oandniwm with Xkojlie acid.

is thege solvents repregent guite s wide range of
polarity, 1t can be inferred thet work with other solvents
would prodadly mot be fruitful. However, 1f o mothod wus
found of extracting the kojie aeld in some polvent much more
-popdily then the cadmiwm keojJate, then it would be possible
to run & quantiletive analysis on the cedmium kojate remaine
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