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LNTRODUCTICH

Zlrconium has become en important metal in atomie
anergy Lechnology becauso of iiks low neubron capbure cross
saction and other desirable physical and chemical properw
ties, ©One of the consegquences has been an inereased ine
terest in the analytical chemistry of sirconium,

The literature contalns numerous excellent re-
agents and procedures for the determinatlon of macro amounts
of sirconium., The aitustion, however, is far {from satlsg-
factory in regard to reagents end procedures sultable for
the determination of microgram amounts of sirconium, This
is largely because of the difficulties presented by the
constaney of the valence atate of zirconium, the colorless
nature of the sirconiwn lon and of most zirconium conplsxes,
and the similarity of zirconium to elements of 1ts own and
nalghboring groups.

fuls study was undertalien with two objectives in
mind, The first objeotive was to find a very sensitive or-
ganic reagent sultable for the colorimetric or fluorimetrio
determination of slrconium. High selectivity in the re-
ggent would be desirsble but not at the expense of high
gonsltivity., The second and maln objective was to develop,
with the reagent, a practlical method of analysis for nmlcro-

gram amounts of girconium in siliceous materials.,



RUEVIEW OF THE LITERATURE ON THE
AHALYTICAL CHEMISTRY OF ZIRCONIUE

The extrasordinary abillity of gzirconium to form
precipltates or chelate complexes in strongly acid medlum
is a property of parsmount importance in the analytlcal
chemistry of sirconium, Numerous reagents seleotively
precipitate zirconium in acid solution and such reactions
form the bvases of many excellent gravimetrie procedures
for the determination of szlrconlum,.

The elagalical mothods of zirconium analysis
with phosphate (12) (45) and with selenite (9) (10) (65)
{€8) (67) are still important today. Willerd's method
{80) involves the precipitation of zirconium from homo~
geneocus solution elther with trimethyl phosphate or meia-
phosphoric acld to obtaln densor precipltates, Schoeller
introduced tannin as a precipitant for sirconium (s8) (s81).
This reagont separstes zirconium from sesquioxides, ura-
nium, venadium and thoriwm but titanium and tin are co-
precipitated., Cupferron (46) (47) (48) (72) slthough not
selective will alwayas be valuable in seperation procedures.
The cupferrate of zirconium is soluble in organle solvents
(21) and this property should prove valuabls for purposes
of concentrating zirconium.

The precipitation of zirconium as arsenate (3)

(e} (13) (51) (59) (62) has recelived some attention lately.



In general the same separations arc obtalined as 1ln fhe
phosphate preecipltation. Two preclpitations sre n@aes«
sary when Bi, Be, Th, 5n, and Ti are present., On ignition
arsenic is reduced {(by the filter peper) and volatiliged
and the lgnited precipitate can be welghed as ZrOp, Gump
(30) obtains a more corystalline srsenate preclipitate by
forming arsenate ion in solution through oxidation of
arsenite,

Like araenic acid, organic¢ derivatives of are
senic acid react with zirconium salts in aslid sclutions
(2) (3) (8) (1) (18) (24) (36) (37) (58) (64). The abil-
1ty of these compounds to precipitate sirconlum ls duse
to the salt forming group -As0(OH)g, The srsonic aclds
are capadle of precipltating smaller amounts of girconium,
and for this reason are more useful, than arssnic acid,
In genersl the arsonic aclds are useful presipitents for
i, 2r, Cob, and Ta, Titanium, ™Th, 82, and ¥ usually in-
terfeore, while Bl and 3b may interfere at low acidities,
Propylsrsonic acid (3) (24) 1s probably the best of the
many arsonic acids proposed, Few zirconium reagents come
pare with propylarsonic sacld in regard to apeciflecity.
This compound can be used to determine sirconium in the
presence of Sn, Th, ?1, Mn, Hi, Fe, Al, Ce, V, Cr, Cu,

%g, Zn, U, Yo, Co, Be, W, and Cd, EKolthoff (39) uses
menitrophonylarsonic acld and determines sirconium as
well as U, Th, and 3n by amperometric titrations,

Colored girconium procipitates are obtailned by



uslng azo derivatives of benzenearsonic acld, The color
of tho ziroconium salt usuelly differs from that of the asgo
arsoni¢ acid and thus colorimetrie procedures are poasible,
in recent years considerable attention heas been
paid to the study of organic acids as precipitants for zire
econium (55) (57) (60) (74) (75) (76) (77) (78). These ro-
agents are very useful for separating zirconium from d4i
and trivalent metals such as Mg, Pe, Al, and rare esrths,
Ususlly ?i, Th, Sn, Cet4 interfere, although such interw
ference for many aeids'(ﬁe) (74) (75) ¢an be eliminated by
double praaipit&tion'af girconium, A%t lower escidities
many of these reagents sre useful precipitants for thorium
and other guadrivalent elementas, Handelic acid and other
glycolic acld derivatives (4) (23) (31) (32) (35) (40) (34)
are especlally lmportant and have racclved mueh {avorable
attontion because of thelr specificity toward zirconium,
For example, in the mandelic acld procodure of Kumins {(40)
(54) T1, Fe, V, 41, Cr, Th, Ce, 5n, Ba, Ce, Cu, Bi, Sb, or
Cd do not interfere, The zirconlum precipitating action
of the (-CiOH~-COOH) group is retained even after the introw-
duction of an ago group into the mandelic acid molecule (53).
Sodium flavianate (18) is quite a apecific re-
agent for precipitation of zlreonium, Thorium, Ti, ¥, La,
Ce, Pr, Hd, Sm, Al, Pe, Cr, U, Be, ¥n, Zn, Ki, Co, Cd, Cu,
5n, Bi, %, Ba, Ca, V, &, and Mo are not precipitated by

this reagent.
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The situatlon In regard to metiwds lor the de-
termination of smell amounbts of zirconium 18 not very
satisfactory. Although numerous roagents have been pro-
posed for the detection of zirconium only a few have been
developed into quantitativse methods, The hydroxyanthrae
quinones (17) form colored lakes with zirconium in acid
solution. Liebhafsky and Winslow (19) (44) describe the
use of allzarin, purpurin, snd quinalizaerin for the deter-
mination of small amounts of zirconium, The zirconiume-
aligarin lske is formed in slcoholie solution, Allisarin
Red 3 (28) (23) (492) (89) (79) is probably the most impor-
tant reagent for the colorimetric determinatlion of slirconium,
The zirconium lake with aligarin sulfoniec acld is Tormed iIn
agueous medium generally in 0.1 to 2K ICl., Small amounts
of ferric iron can be tolerated, but larger amounts must
be removed or reduced bto the ferrocus state, One sericus
disadvantage of the Aligarin Red 3 solor reaction is its
relatively low sensitivity, The reagent Se~chlorobromamine
acld (leamino-S-chlorow=4-bromo-2-anthraquinone sulfonic
acid) was described by Yoe and Overholser (83) for de-
teecting zirconium by the spot test technique, This re-
agent 18 not szenslitive to small girconium concentrations,

p~Dimethylaminoagophenylarsonlic acid is second
in importance to Alizarin Red 5 as a colorimetric reagent
for girconium (33) (52) (68), The procsdures are indirect
and involve prsclpitating zirconium with the arsono-azo

dyo, washing and decomposing the precipitate with ammonium



hydroxide and then measuring the absorption of the dye so~
lution released., 3Stehney end Safranskl (68) determined
micerogran amounts of gzirconium Iin this manner, Titanium
and tungsten lnterfere seriously and in epite of clalms to
the contrary, hydrogen peroxide sannot be used to elimi-
nate the inteorflerences because it destroys the resgent.
Other elements such as Cb, Ta, S5n, Sb, Mo, and Se interfere,
Indirect procedures have obvious disadvantages, Also dip-
turbing 18 the faet that the ratio of reagent to szirconium
in the precipitsate can be l:l or 831 depending on the cone-
cantyation of zirconium.

Ruznetsov (41) has shown that o-hydroxyago come

pounds having an arsong group ortho to the azo group, as
AsO{ f}K}g

in the structure T SCHEH - '<ff§;:_ruact in
eclid medium with zirconium to yleld a precipliste and si-
multaneous change in eolor., Thorium, Hf, Wb, Ta, 71, and
U interfere. These reagents lend themselves Lo direoct
colorimetric analysis and should be wvaluable for the de-
termination of some of these slements. Xumnetsov (42)
(43) describea 2-hydroxy~Semethylasobenzene-4'=-aulfonlc
acld as & resgent for zirconium. No articles on this rew-
egent have appeared since the original publiestlons.
Various ago derivatives of mandelie¢ acid were
syntheslzed by Oesper and co-workers (53) In & scarch for
a reagont producing & colored girconlum precipitate,
neizow 4 -naphthiolmendelic eaclid was the best of those syne

thesized., Tho similarity of thw color of the reagent to



its zirconium precipitate anéd the solubility charscter-
istics of the mwagow~ 6 -naphtholmandslic acid made 1t use-
ful only wlth the Yagoda confined spot testing method.

Thamer, Volgt and others proposed chloranilic
acid {2,5-dlchloro~3,6-dihydroxy~l,4~benzoquinone) (20)
(70) (71) as a colorimetric reagsnt for zirconium. The
reagent 18 not sensitive and ¥, Th, 5n, 3b, W, ¥o, Cd4d, Ag,
71, and Fe¥ interfere.

Only very few publicatlons have appeared on the
detorminstion of gzirconium by {luoreacance reactlons, Only
one mathod ussful for quantitativo analysls has been do-
veloped., TFlavonol (3-hydroxyflavone) (1)} was found by
Alford end co~workers to give a very sonsitive fluorese
conce reaction with zirconium and the resgent was applied
to the determination of zirconium in glsss sands, clays,
and refractories, Only hafnium and to & lesser axtent
sluminum fluoresce in 2N Hp304 but lron and large concens=
trations of other elementa may guench the fluorescence of
sirconiwa, Hlerogram amounts of girconium may be deter~
mined after the separatlion of zirconium from aluminum with
sodlum hydroxide and the removal of other possible intexr-
loring slements by electrolysis Iin a Helaven cell, Iorin
(25) and S-hydroxyquineline (25) areo about the only other
reagents reported to plve fluorescent complexes with zir-
conium but nc quantitative melhods have been developed with

these reagonts,



QUERCETIN AND ITS
ARALYZICAL APPLICATIOHN

The difficulty of obtalning purs qmarcmﬁin
(3,3',47,5,7T-pentahydroxyfliavone) Iin the past has hoen a
serious limlitation to the study and use of quercetin as an
analytical reagent. Today numerous chemicsl distributors
can supply quercetin of such excellent quality that it re~
quires no additionsl purification. ZBarlier workers have
reported on the absorption spectrum of quercetin which can
be used for its characterigation (27) (28) (83). HMore ro-
cent data on the absorption spectrum of qQuercetin are given
by Gage and co~workers (22), who alao describe a method for
the purification end guantitative estimation of miero
amounts of quercetin by papsr partition chromatography,

Ice and Wender (34) have published a method Tfor ths separe
ation of mllligrem amounts of closely related flavonole
compounds by adsorptlon onto mapnesol from anhydrous ase-
tone solution, and elubtlion wlth a solution of othyl ace-
tate saturated with water, In a private communication
Wender haes disclosed that the method has been extended %o
the purification of gram amounts of commercial Quercetin,
Crude quercetin can be prepared from Lemon Flavin according
to the general directions given by Horrow and Sandstrom
{s0).

The analytieal applications of quercetin have
been few in number. Kocsis (38) used quercetin for the

detaction of iron and uranium by the spot test technique,



Davydov and Devekki (16) used quercetin for the fluori-
metrlc debornmination of g few micrograns of aluminum in
solutiona buffored at pll of 4.8, Willard and Horton (C1)
studlied a nuwmber of reagents as possible Indicabtors for
detecting the end point in the titration of fluoride with
thorium nitrate. HMorin and quercetin were found to be the
ezt fluorescent indicators. A procsdure for the photo=-
fluoromatric tltration of fluoride with quercetin as the
fluorescent indicator la also described by tho same writers
(82). 1In general, the same lons interfere in this photo-
fluorometric method as in the visual Allzerin Red 3 methed,
Tomicelk and Holecek (73) have used quercetin for gravimei-
ric sstination of niabiu% and tantalum, Juercetin forms a
red precipitate with niobium and an orange precipltate with

tantslun in strongly acid solutions,



EXPERIMBHTAL
IRVESTIGATION OF ORGANIC REAGENTS
POR THE DETECTION OF ZIRBCOHIUM

The initial part of this research was concernsd
with the investigation of variocus organic¢ compounds in
search of a colorimetric or fluorimetric reagent for zir-
conium, In the course of this study over one hundred com-
pounds wore examined, A number of compounds are reported
in the literature to give reactions with zlirconium, These
and thelir related compounds were tested Iirst, Other come
pounds having different but characterlistic structurel and
funetional groups were then examined, When a resctlon was
obtained other compounds with the same resctive atomlie
groupings wors studied in an attempt to improve on the
results given by the parent compound, Ieveral of these
compounds were prepared speclally by commercial firms and
by the University of lHaryland, The compounds testod are
listed in Teble 1, These include monoasc and disszo dyes,
anthragquinones, quinones, quinolines, oximes, aromatic
hydroxy-~katones, and various other compounds of interest,

Bach compound was tested at 5 pH levels, The
zirconlunm solution, 1 ml. = 27 Zr0p, was prepared daily
from a stronger stock solutlion by dilution with wator,
The stock solubion was prepared by dissolving zirconyl
nitrate in hot (1 4 1) HCL and diluting with water to form



a (1 4 49) HCl sclution containing 1,0 mg. ZrOs per ml,
The resagent was dissolved in water when possible, otherw
wise an alcooholic solution was used, In sach case the
concentration of the resrent was approximately 0.1%., The
girconium solutlion was added first, lfollowed by tho necesw
sary reugeonts to glve Lthe desired ecldity and then by the
organle reapgent solutlion, The final volume was always ade
justed to 10 ml. in 30 ml, Pyrex test tubes, Usually 0.3
ml. of resgent solublon was used although thias was varied
in the case of dyes when the resulting solution waa too
lightly or too deeply colored, HReagent blanks were run
for sach test econdltion, These were compared with the ap-
propriate zireonium test solutions to establish whether or
not a color or fluorescent raaeé&un had ococurred, Long
wave ultraviolet light (3850A) was used to exaite the flu~
orescence and observations were made in a view box, In
order to attaln the pll desired the specified amounis of the
reagents Indilicated below waere added In the test solutlons:
1. pE1l 5 0,15 ml. (1 4 4) Hy380,

2. P11 : 0,45 mi, (1 ¢ 4) HCY

3. P 2,0¢ 0.50 ml. (1 4 9) acetic acid

4. piH 4,7, Buffered: 0.2 ml, of a solution
1M in NaOAc and 1M in HOAe

6. pH 11 : 1 ml, of a solution containing
10 g+ KpCOyq and 5 g. Hap80, per 100 ml,

6, PH 13t 1 ml, of 2,58 NaCH
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Sulfuric acld was used in one of the test solue
tlons in order to determine the effect of sulfate on the
resction, The nixed carbonatew-sulflate solution was ine-
c¢luded because aircanium wag found to be scluble in this
medium,

Several compounds gave fluorescent tests with
girconium in acid medium., Bengoyl carbinol was the only
reagent that reacted in alkaline solubtlion, a slight flu-
oroscence being obtained with zirconium from carbonate-
sulfate modium, Resacetophenone, Z,4~dihydroxybenzaldehyde,
o=-hydroxyacetophenone, Z-carboxy-2'-hydroxy~3'-methylbenzo~
phenons sach gave a greonish blue fluorescence in acld media
which was more intense at pH values of 3 to 5., The sensl-
tivities of the reactlions were not as high as were sought
and the compounds were not studied Nuther, These come
pounds all contaln the grouping ::f:?{? and this mar De
of theoreitical importsnce in repard to zlreconium specilleliy,
It 18 interesting to note that 2,4 dihydroxybengzolc aeid did
not give a fluorescent reaction with szirconium, The care
bonyl group in thla compound is not free to react, probably
because of resonance affecta,

Celiydroxyquinoline gave a fluorsscent reaction in
acotle secld and.buffarad.solutions. Quercetin and morin
gave & green fluorescence with gzirconium at acldities
greater than 0.1K but the sensitivity for quercetin 1s too
low to be of analytlosl importasnce, The flucrescence with

morin was very sensitive, easpeclally in 2N HCL and
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0.5% HuS04. Chrome Faat Garnet R gave & good red fluor=-
escence, especially in O.5N HCL and in 0.1N Ip504, Calco- .
dur GL Conec. geve best fluorescence in buffered acotate
solution but the intenslity was less than that given by
aither morin or Chrome Fast Garnet RF,

Humerous compounds gave color resctions with zir.
conium in the varlous aclid test conditions but nons resacted
in alkraline medium, Tho lollowing anthraguinones produced
color compounds with zirconiwm: Quinisarin, sathrarufin,
chrysazin, sodium alizarin sulfonate, purpurin, quinali-
zarin, and quinizerin=-2~-gulfonic agid. All were about as
senaitive toward zirconium as sodium allzarin sulfonate
with the possible exception of quinalizarin which was
alightly more sensitive., Among ths other anthraquinones
that reacted it 1is doubtful whether any would be mich of
an improvement over the aligsrin sulfonste, The other
anthreaguinones, Table 1, gave no reaction, although zipre
conium caused a decrease in the Intensity of the original
color of several of these dyes.

The following monoago dyes reacted: Lithosol
Claret 3, Z2-hydroxy-3,S~dinitrobenzene-ago-p-oregol, Chrome
Past Garnet R, Allgzarine Black, Pontacyl Fast led Ixtra
Conc., Comacid FPast Red A, FDU & € Red lo. 2, 2-hydroxy«=3,5-
dinitrobenzene-azo-p~nitrophencl, 2-hydroxy-3,9-dinitroben~-
zZene~ago~p=-cresol, 2L-hydroxy«3,S~dinitrobenzene~ago~beta~

naphthol, and 2«hydroxy-5-nitrobenzene-szo-beta-naphthol,
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Aligzarins Black and Chrome Faali Garnet R apw-
peared to be the most sensitive of the reagents in this
group and possibly could be useful analytiocal resgents for
zirconiunm,

Caloodur Orange GL Conc, and Aligarine Black SAE
were the only dlsazo dves glving color tests with girco-
nium, The sonaitivity of each of these dyes was best in
buffered solution but too low to be of value.

Galleln, galloosyanine, hematoxylin, surintri-
carboxyllic acid, quercetin, and morin waere the only other
reasgente to give color reasctions with giroonlum, The ree
actions with gallein and gallocyanine were best at lower
acidities (pH 3-5) while those for morin and quercetin
were better at higher acidlities (O.1N for IS0, and O,1N
to 1N for HCl), Quercetin sppeared to be the most sensiw
tive of all the resgents tested,

At the gonelusion of this preliminary work, the
searcl for a sirconium reagent nerrowed down to the fol-
lowing: morin by fluorescence oé colory Chrome Fast
Carnet R; Alizarine Black; and quercetin by color, After
fupther studles on thess reasgents it was decided to cone
sentrate on guerecetin as a colorimetric reagsnt for zir-
coniun, Quercetin 1s the only reagent combining the most
desirable properties lor a colorimetric reagent: IHigh
sensltivity, & nesrly colorless blank, stable color over

8 wide acidity range, and availabilitf in a pure state,



Yaplie 1

Compounds Tested for Zirconium Reactivity

Color
Index Name Formula
Lo
a-Nitroso- £ o
2 g -Naphthol [:I:T
Dupont Ny
pon _
21 Chrysoldene R O w=nLLy-WH, HE
Wt
N\ 17
F D and C N=N
22 Yellow No. 3 <3F jg%
o
COr-n=N
24 011 Orange 7078V
ov
Croceine _
26 Orange Y Conc. (O-N=n
ov
CO-w=n
27 Dupont Orange G o
3 SO3Na
o $GAg
Or=n
29 Fast Fuchsine G
SO, Na
oH nwH,
D and C Red N=N-
30 No. 33 -
Joj”q SQ’NQ
of NHCOCH,
Pontacyl Carmine <:>ﬂ~=~_
21 2 G Conc. 150% O

s \
SO Na S0y Na
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Table 1 (Cont.)

Compounds Tested for Zirconium Reactlvity

Color
Index Name Formula
oQ fOOH
Brilliant O=w=wn
35 Lake Red N
,COOH
Pontachrome NO, — —N=N~ ~ OH
40 Yellow 3RN 2 - O
ot
, p-nitrobenzene-~ NO, - “N=N
Ly azo-B-naphthol 2 <:>
on o
Pontacgl N%-Q-—N =N—-
7/ ~
53 Violet 4BSN Soi S0y Va
CHy OQ
Hiltonil Fast O-’V=N
68 Scarlet G Base wy
NO, oR
7/ \
cﬂa-O~A/= N-
69 D and C Red No. 35
¢o X
Brilliant 011 cHy - H-N= N-
73 Scarlet B Conc.
’c”_; O"i ./Sosl\la
79 Calcocid Scarlet cHy = O-N=N "8
2R
‘.S'OaA/a
’C"ﬁ 0’1 ,Sasﬂa
CHy - “N=N-
80 F D and C Red No.l (j:> g;i
£




rable 1 (Cont,)

Compounds Tested for Zirconium Beactivity
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olor
Index Name Formula
oM s0.Ma
—N=N
88 Lithosol Claret B §E§ g%
~ $03Ma
OH oH
Pontacyl Violet 8 NEN-CIOD)
90 6R Conc. 150% &é% S0, Na
NO, /0// 0“1
2-hydroxy-3%,5- ) _
104 dinitrobenzene-azo- <:>'N'”V"<:2
p-cresol NG CH;
OCH, oH
Hiltosal Fast O_N:,v_
118 Scarlet R Salt ;
NO;
/OH
148 Tropaeoline 0O Ho-( )- W= N ~ ()~ 503 Ma
?
i
OH
151 |D and C Orange No.4 503"&‘0"”:”‘8
oH OH
O-#=#=x
153 |Azo Fuchsine GA SO ()N
t
SO_;IVa
50,4 OH  cooH
163 Rubine B Powder 3
¢“3 0’\4
165 |[D and C Red No. 8 ”"O""”’"%
S03H




Table 1

(Cont.)

Compounds Tested for Zirconium Reactivity
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Color
Index Name Formula
167 |calchochr OH s
ome
Brown 2R Q“’V:N—O"‘”ﬁ
503”0-
o SRS
rome N= N— - 0H
168 Fast Garnet R §j>
qu/Va
LOH OH
Superchrome O -N=N-
169 Violet B S0y Na
_OH oﬁ
“AN=N -
170 Diamond Black §:> E:I:j
SOy Na 1
OH
NOz /OH ot‘
172 | Alizarine Black - "’”‘”8
SosNd.
Oi
Pontacyl Fast SO )~ N=N-
176 Red Extra Conc.
ot
~N=N-
177 Comacid Fast Red A SQMa-
OH
Calcoecid SOMa — —N=N—- '
179 Rubine XX Conc. Y g:()
S 34’&
qH
Calcochrome SOMNs - —N=N-
180 Blue F4B i 8 OO




Table 1
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(Cont.)

Compounds Tested for Zirconium Reactivity

Color
Index Name Formula
o
Calcocid SOM~ —N=N
183 Scarlet 4RN SONa-
S0, M.
SONa —-Nz=N-
184 F D and C Red No.2 W 8 8
\J’%
Comacid SGMp - ) - N= N~
185 Brilliant Scarlet 3R 3G My -
‘503/Va_
LOH SO3 K
- N=N -
189 D and C Red No. 11 8 CO
L OH OH
Superchrome S0, Ma -~ -~ N=N -
201 Blue B Extra Conc. 7 g;g E:(j
LOH oH
Pontachrome SYNa ~ ~N=N-
202 Blue Black R
S03 Na,
Pontacyl 8 - NA 'O
208 Fast Blue R - S03/Na
50_3/\/4.
503/*/0\,
Calcocid Wool ~N=HN- 8— NH'O'(%
209 Blue B Conc. -OH SO3Na
SO3 ML
_coon  OoH
Barium O “N=N-—
214 Salt of Red Lake D
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Table 1 (Cont.)
Compounds Tested for Zirconlum Reactivity

Color

Index Name Formula
’.(OON“ 0‘: ,SO_qNA’
216 Pontachrome Red B O —N= N—8
~.S'03/Va.
Na 0;./
cHy v
225 Calcomine Brillianft (:] °<:> N= ’(:(j
Pink SX Double Condg soﬂ
3/iva.
C%
234 Calcocid Brown Y Sopa-( ) —N-N—[:) N=N - <:> CHy
H
Calceocid Milling 0\
275 Red 3R Conc. S@A&~C>—N:N-O-N:N—8
.Sl%;/\/a,
336 |Alizarine Black SEA ézg-N-N—E:l-N N- (:}
SO pa, 7 U
, 0H - NH,
376 Direct Rubine Conc. 'N=N'<:><:>””=”‘(:I:]
"503/\/4, i
. SO3Na
/NHz . ””e
394 Erie Violet 3R —w=W-( O y-w=n-
- OH HO -
JO_QMQ,‘ ‘503”“—
OlH
—A=N - A _NH
420 Erie Fast Brown 3RB ”0‘§:> wzn -( O N/[:K:] z
CooNg SO03Ma,
CODA/a,
N\N O“So_glva.
640 SO;Na - -NzN- c c

'F D and C Yellow

Ne. 5

OH




Table 1 (Cont.)

Compounds Tested for Zirconium Reactivity

Color
Index Name Formula
o coodg
iy SC=N
Calcodur Orange TN e e wen-b_ W= )-50Na
653 GL. Conec. wo-{ N8O )= €=c

OH

p-nitrobenzene-
azo-orcinol

oH
o, - - A/'-'/\/—-:C>—0/7’

<hy

p-nitrobenzene-
azo-resorcinol

OH
/Vaz-O—/V: N—O—oh’

2-hydroxy-~3%,5-
dinltrobenzene-azo-
p-nitrophenol

W, ol o
Q-N:N—O
\”02'

2-hydroxy-3,5-
dinitrobenzene-azo-
a-naphthol

NO,
N o OF

(-w=n-C
NO,

2-hydroxy-5-nitro-
benzene-azo- a-

o o
O-N:N—
o, o

naphthol
2-hydroxy-5-sodium ,oH qﬂ
sulfonatebenzene- (:}-N=/%—E:(j
azo-a-naphthol 54Mz
oH

2-hydroxy-3,5- NQ, ,O0H x
dinitrobenzene-azo- -N=N-—
B-naphthol No,

OH oH

2-hydroxy-5-nitro-
benzene-azo-g-
naphthol

\

s
Q——N:N‘8
o,




Compounds Tested for Zirconium Reactivity
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Color
Index Name Formula
oH OH
HO~ ! V1 RN /,0
781 Galleiln (D\c,ij
ol
9
Quinoline L€
801 Yellow Conc. ()~c,‘”’
3
N COOH
Q0
883 Gallocyanine K@& 0’_3H o
0 oH
O/C\ ! /OH
1027 Alizarin ‘ﬁ’
0
9 ou
/C\
1028 Quinizarin E:Lc,(>
0 OH
9 OH
,C~N !
1029 Anthrarufin E?\C,Ej
OH
oIH 9 OH
+C ~ :
1030 Chrysazin 0.0
8
0 oH
Sodium Ozc\ ! ,OH
1034 Allzarin Sulfonate Ne oS50
o
9 OoH
cC~N AN _0oH
1037 Purpurin \c'(;r
o OH




Table 1 (Cont.)

Compounds Tested for Zirconium Reactivity

Color
Index Name Formula
OH O oH
1045 Quinalizarin L CN__OH
Pye
0H p
ﬁ& 4 ?H
LC~ ,503N“'
1053 Alizarine Blue WSA qj\czi;]
OH 5 WNHy
NH, O OH
1054 |Alizarine Blue SAP ©/C~©,503"“
COI’IC. 7 \c/ ;
OH (l)' NH;,
3 OH
Hastings Light A
1073 Fast Violet IRS ()~C/E> % CH3
uow=(O"
7.z
vd L Y .
Du Pont Alizarine Qc,waO- SO Na.
1085 Blue Black B b3 "“fr\o-soagva
g
,C
Ponscl. Blue RP E:l I:l.9 4
1106 Triple Powder ¢ 3 L.c O
0% N sl
e
O Na
Cibanone Blue (:Lc, |-¢’é?
1113 GL. Powder 4 AN
goNe
~n
? 9
SojAh ~O/C \C—C/C \0'503,4“'
1180 |F D and C Blue No.2 NS T TNy
H H o
o o
Algol Orange /2\ ,2 <
121 RFA Powder C=C
7 C:1’450/0\6/ \S ’O\oczﬁs




Table 1
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(Cont.)

Compounds Tested for Zirconium Reactivity

Color
Index Name Formula
'S
Ho . L0~ — -~OH
1 i {
252 Morin g)\ﬁ]}
OH o H
' &
SO O
1233 Quercetin I~ N
on 45 O
o o-cH
N ~©‘,’_ H,\c\- ON
1246 Hematoxylin ¢ C}wz
OH oH
9 oH
Quinizarin-2- ()"\ - S0sH
sulfonic acid ~ceN
o OH
IIO NHZ
1- Amino-anthra- LN
quinone ~ ¢ -
g
0
l1-Amino-4-hydroxyl AN
anthragquinone ()\C/E:]
[% NHz
-cH
l1-Amino-2-methyl- (:i () cf3
anthraquinone
0
5-hydroxy-1,4- E:If)
naphthoquinone ! <
OH o

2-Amino-1,4-
naphthoquinone

2
Cry™

"

e




Tatle 1 (Cont.)

Compounds Tested for Zirconium Reactivity
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Color
Index Name Formula
/C\ C ((HoH CH
Carminic acid ~C,E>
o
COOH 0 OH

Phthiocol

2=Hydroxyguinoline

(j;D‘m4

8-Aminoquincline

8-Hydroxygquincline

X
CLD
o9

N

Kynurenic acid

OH
s
0.

cooH

Kynurenine sulfate

0
O,é'-cﬁz-cyﬂyz-coaﬁ
~VH,

Isatin

N
O c:=0
\C/

n

Nitrosoresorcinoel




Table 1

Compounds Tested for Zirconium Reactivity

(Cont.)
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Color
Index Name Formula
COOH
2-4-dihydroxy- ~oH
benzoiec acid
OH
'COC H:

Resacetophenone

OOH
oH

b-Carboxy— 2 'hydroxy]
5'-methylbenzo-
phenone

2,4-dihydroxy- o
benzaldehyde
oH
COCH,
o-Hydroxyaceto- - OH
phenone (:T
cl‘l} oM O COOH

Benzoyl carbinol

O -5
/ H

Benzoyl acetone

()-c-c%-g CHy

a-Iso-nltroso-
proplo-phenone

O C-C -CH3
° NOH

a-Benzilmcnoxime

Thr 170
I
NOH o
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Table 1 (Cont.)

Compounds Tested for Zirconlilum Reactlvity

Color
Index Name Formula
"
O 54,
- 1.
a-Benzoinoxime wow M

2,3-Dihydroxy-

qulinoxaline
o
,0\ 9
B-Methyl ¢
Umbelliferone ()\§¢0W
‘ CHy
Ho-{)-€ =(D=o
Aurintricarboxyllic aé ~Coom
acild W '~ COOM
oH
OH ,m;z
l-Amino-8-naphthol-
3,6-disulfonic acid sgh “so,H
oH ?”
1,8-Dihydroxy-
naphthalene-3,6- sa% “sou

disulfonic acid
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FACTORS AFFPECTIKG rH=
ZIRCONIUMQUERCETIN COLOR SYSTHH

Various factors affecting the zirconium-~quercetin
gsolor aystem were studled to sstabliagh optimum working con-
ditions. Preliminary oxperiments indicated that a certaln
anount of alcohol was necossary to provent the preclipita-
tion of gquaercetin and this variable was ingluded in the
study. In the experiments, the solutions were slways made
to a total volume of 25 ml. The order of additlon of the
;raaanﬁs was always the same. The zirconium solution was
‘addea first, acld second, slcohol third, and an alcoholic
aalutian of quercetin last, Optical densitles were detser-
mined with a Beckman Speetrophotometer, MNodel DU, using ons
conbimeter eslls and distilled water as reference sclution.
The s8lit width was slways 0,05 sm, exsept for the spectral
transmittancy data below 420 mpu where 0.1 mm. was used,

The apectral tranamlttancy data for the resagent
blank and 30 micrograns of Zr0s are glven in Fige. 1. The
solutlions used v@f@ C.5H in HCL and contalned 3 mg. of
quercetin and 8 ml, of alcohel., Tho optimun wave lencth
was taken as 440 mu because here the absorption given by
the blank is small and that by zlrconium still large. In
the work thet follows, all optical densities were measured
at 440 mp,

Pig, 2 1lluatrates the effect of alcohol eoncen=-
tration on the optiesl density of 54.&1f2r02. The solu-~
tiong were 0,5N in HCl and contained 3 nmg. of gquercetin.
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The optlewl donsity lnereases sllishtly with inorease in al-
sohol soncentiration.

A precipltete of quorcetin was obitsined almost
.imd‘iatoly from solutions conteining leas than ¢ ml, of
alochols with € ml, of aloohol some quercstin precipitated
after ten hours, 1t is deslrable to keep the aleohol cOne
contration to a minimum becasuse of tho smallor solubility
o&" 8alts in alooholic media, Por this roason 8 ml, of ale
ecoliol in 25 =l, of solution was taken a3 optimum and maln-
teined 1n subsequent work.

. The effect of aold oconcentrstion on the zirconiume
quercetin eolor system ia 1llustrated In Flg. 3. Bach 25
=l, of sclution sontained B4.4 ¥ IrOp, B8 ml, of alcohol, 3
mgre O quercetin and Jifferent amounts of hydrochlorie acld,
The color 1s mlmost independent of scld concontrablon Iin
the region from O,1H to 1N, The density of the réapent
blank incroases slightly with Iincrgsse in acldity while a
slight inerease and then decrease in density i1s noted for
the slirconium sclutlon, The resgent blank inoresses sharply
in denalty for acsid concentrations above 1¥ and reaches s
valuo of over 0.8 density units at 38, On the basis of the
Tforegolng the optlmum acidity was token as O.5N,

The reaction oan also be carried out in nitric or
Wram.wia acid solution as comparable data are obtained,
Hydroshloric ecid 18 preferable to perchloric scid bescsuse
of the groater stadllity of zirconium in hydroshlorie soid
solutlon {14), TPor exarmple 1% was found that standard
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perchloric meld solutions of zirconium "lose" strencth
repidly if the acid concentration is below 20% by volume.
Ritrie mcid is inferior to hydrochloric acld because of 1its
tendency to oxidize queraatin. This effect 18 seriocus at
elevated temperatures for solutions of greater acldlty than
0.58, The sensitivity of the girconlum~quercestlin color syaw
tem 18 greatly diminished in sulfuric acid medium probably
because of the complexing action of sulfate with gzirconium,

The data in Fig, 4 and Tables 2 and 3 were ob~
tained by keeping ths girconium concentration fixed at two
levels (20 ¥ and 54,4 ¥ Zr0s) and varylng quersetin concene
{ration in vach series, The densities shown ars corrocted
for the denslties of blanks containing the ssme asmounts of
quercetin, Three mg. of querecetin for R0 ml, of solution
was taken as the optimum concontration of guercetin. In
Pilge & and Tables 4 and 5 the guorcetin concentration was
kept fixed at two levels (150 ¥ and 300 ¥ of quercetin) and
the zirconium concentration was varled. This same general
procadure was used in obtaining the data for Pig. 6 and
Table €6 except that the querceilin was maintained eonstant
at 3 mg. Intarpréﬁatiun.ef the nature of these ocurves is
gilven later,

Data feor the working curve are given in Flg., 7
and Table 7, These data weore obtalined using the optimum
conditions previously establlished, The solutlions were 0,5K
in JIC1 and contalned £ ml, of aleohol, and 3 mg. of Querce-
tin In & totsal volume of 25 ml. A strelcht line relationship
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between optical density and mierograms of Zr0g 1s shown up
to 60 micrograms of ZrOp, Solutions contalning from 60 to
150 miorograms of ZrOp deviated slightly from the Beer-
Lambert-Bouguer Law but thelr optical densitlies sre repro-
dueible. 7The region from O to 10 micrograms of ZIr0g was
exmmined in great detall for any devistion from the straight
line relationship but none was found,

The solubtlions, conteining up to 150 ¥ Zrds, were
allowed o stand for 24 howrs sfter which time the denslibties
were redetermined., The maximum change in density was found
to he 0,008, The sensitivity of the zirconium-quarcetin

color reastion 1s 0,004 ¥ ZpOp/cn®,




Table 2
Bffect of Quercetin Consentration

(Zirconium fixed at 0,183 mierogram mol ZrOg)

Huercetin Wol Ratio ﬁpm eal Corrected

¥ ¥ols Q/2p _ Density  Density
0.03286 0,200 0.008 0.008
0.0682 0.400 0,018 0.018
08,0078 0,800 0.028 0,028
0.130 C.800 0.034 0.034
0.163 1.00 0.042 0.042
0.196 1.20 0.051 0.051
0.228 1.40 0,087 0,087
0.281 1.80 0. 062 0.062
0.326 2.00 0.0€9 0.068
0,652 4,00 0,098 0.096
1.30 8,00 0.136 0.131
1.96 12,00 0,158 0.151
.28 20.0 0.184 0.172
€.52 40,0 0.219 0.1986

9.78 60,0 0.242 Q.206



Table 3
Effect of Quercetin Concentration

(Zirconium fixed at 0,442 microgram mol Zrlg)

Quercetin Hiol Ratio Optical Corrected

¥ Hols .Q/Ze __ Density Density
0.0980 0.217 0.048 0.048
0.192 0.434 0,096 0.096
0.288 0,651 0.144 0.144
0.384 0,870 0.176 0.176
0,470 1,06 0,207 0,207
0.576 1,30 0.233 0.233
0.768 1.74 0.276 0.276
0.960 2.17 0.302 0.302
1.185 2,61 0.324 0.323
2.30 5.22 0.417 0.409
3.84 8,70 0.478 0. 465
7.68 17.4 0.548 0.525

11.5 26.1 0,596 0.554

17,3 39,2 0,638 0.875



Table 4
Bffeot of Zirconium Concentration

(Quercetin fixed at 0,497 miorogram mol)

Tty o TS IO
0.0441 1.5 0.026
0.0883 5.63 0,087
0.114 4.36 0.072
0,145 | 3,48 0,087
0,177 2,8 0.106
0.221 2,285 0.129
0,288 1,88 0.148
0.309 1,61 0,170
0.354 1,40 0.188
0.396 1,25 0.2082
0.442 1,13 0.820
0,617 0.805 0.261
0.883 0,563 0.283

1.33 0.376 0.288



Table B
EBffect of Zirconium Concontration
{Quercetin fixed at 0.994 microgram mol)

“Zr0g Mol Ratio Gpticel
Y Mols Slar Density
00,0441 £2,5 0.038
0.0863 11.¢8 0,068
0.177 5,61 0.134
0,265 3.75 0.198
0,354 2,61 0.247
0,442 2.25 0.308
0,529 1.88 0,387
0.617 1.61 0.398
0.794 1,26 0,472
0.9690 1,03 0,522
1.15 0,867 0.552
1438 0.750 0.872
1.50 0,663 0.588



Table 6
Effect of Zirconium Concentration
(Quercetin fixed at 9,94 microgram mols)
“Zr0g %ol Ratio Opticel  GUorreatesd

¥Mols _ Q/Zr _Density __ Density
0,081 123 0.137 0.104
0.162 61.4 0.248 0,215
0.243 40,9 0.347 0.314
0.324 30,7 0. 450 0. 417
0. 406 24,5 0,546 0.512
0,487 20,4 0.644 0,811
0.526 18.9 0.692 0.659
0.567 17.5 0,740 0. 707
0.608 18,3 0.778 0, 745
0.689 14,4 0.870 0,837
0. 770 12.9 0,975 0.042
0.512 12,2 1.010 0.977
1,015 9,60 1.220 1,187

1.216 8.18 1,430 1,397



Table 7
Working Curve
Zrog | Optical
y . Density
0.00 0,033
0,20 0,085
0. 850 0.087
1,00 0,048
2,00 0,087
3.00 0,064
4.00 0.078
5.00 0.000
10,00 L0137
20,00 0.248
30,00 0. 347
40,00 0. 450
50.00 Q. 548
60, 0.844
86,00 0.692
70.00 0. 740
76,00 0,778
85,00 0,870
98,00 0.975
100.0 1,010
125,0 1,830
150,0 1.430

37
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THEORGTICAL ANALYSIS OF THE
ZIRCOKTUM-QUERCETIN REACTICH

The relationship between optical density and mol
ratio of quercetin to zirconium, Curves 1 and 2, Plg. 4, ia
lincar up to a mol ratlo of lil., At ratios whoere the molar
concentratlion of the quercetin 1is greater than that of the
zireonlum the optical denslty increases in a non-linear
fashion with lneresse in quercetin (zirconium concentration
fixed) and reaches a nearly constant value for very high
mol ratios,

There are three posalble explanations for the na-
ture of the ocurves plotted from these date., The first
explanation 1s based on the hypothesis that two miraeﬁium»
quercetin complexes can coexlist in the solutions., The
sscond explanation is based on the hypothesis that only a
1:1 complex is involved and the equilibrium asllows smireo-
nium, quercsebtin and the complex to coexist in various so-
lutions., The third explanation is based on the hypothesis
that only a 2:1 complex 1s formed and the equilibrium in-
volved allows gzirconium, gquercetin and the 2:1 complex to
gooxist in various solutions, These hypotheses are now to
be tested,

Hypothesis l: Two zirconium complexes may goexist.

In the dilute regions it is ressonable 10 assume that the

girconlium forms only the 1:1 complex. The fraction of the
girconium present in the form of l:l complex in these di-

lute sclutions would depend on the equillbrium involved,
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Ls the Querecetin concentration is increased {zirconliwm cone
ecentraetion fixed) & rroeator fraction of the zirconium forms
the 131 complex, As the quercsetin concentration is lncreomsed
8t111 further a point is reached where nearly all the mirea-
nium 18 in the form of l:l complex and the 231 complex makes
its sppearsnce, The relative amount of the 2:1 complex in-
greases as mors quercebin 1s added until all the zirconium
is present in the form of 2:1 complex. At this point the
density of the solutlion should remain constant unless a
third complex is formed with still more quercetin, The
curves of Fig. 4 show llttle evidence of a third complex.

1 In order to test these hypotheses it may be
profiteble to caleulate the extinetion coefficient of the
sirconlum=~quersetin complex from Curves 1 and 2, Pig. 4, in
the region up to snd inecluding mol ratios of 1L:l:

From Curve 1

Zr0g fixed at 4.4 7

Original eonc. of Zrlz = 1.77 x 10™5 moles/liter

Density at 1:1 g 0,203

Asauming all Zr in form of Zr-guercetin complex
(20Q)

Conc. of Zrd = 1,77 x 107

d = kjel 1 =1 cm,
ki =4 = 0,205 = 11,800

el  1.77 x 10~
From Curve 2

Zr0g fixed at 20,0 ¥
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Original oone., of Zrl0p = 0.85 x 105 moles/liter
Density at 1:1 = C.048
Cone, of Zri = 0.85 x 10~5 moles/liter

kp 2 d = D.0482 = 6,500
¢ 0.65 x 1076

The differing values of k can be tsken as indle

catlon that the girconlum~gquercetin complex is unstable
and that mass action effects determine the proportion of
the total zirconium thet can be present in the form of 1sl
sirconium~quercetin complex.

The egquilibrlisa Iinvolved for the 1l:1 complex and
the 2:¢1 complex follow:

For the l:l complex
2t 4 2roc1Q 3 Zrott 4 ol ¢+ au

(zroth) (cI) (Qu) = ¥y
(1¥) (zrociq)

(%) z (1) since HCL is in great excess

Or using simplified notation

(Zr) (Q) =z Ky
(2xQ)
For the 2:1 complex
Zroqy 4 2HY z zrott 4 2qu

(Zr03g) (gg}ﬁ

At constant {K*) this reduces to

(zroth) (Q)® 2 Ko where Kg gz ki (zh)2
Zr0Qs)
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Or using simplified notation

%@Ea%

For both complexes coexisting in equilibrium

(ZrR) (R) = Kg = k (1)
(2rQg) Ky

The flrst hypothesis is to be tested by caleu-

lating k for various test solutions in which both complexes
soexlst and noting if those values are reasonsbly csonatant.
It is assumed that In solutions where both complexses cow
exizt the conceniration of uncombined sirconium ls negli-
gible and that no complexes of szirconiwm other than the
quercetin complexes are formed.

For the esloulations the values of the extine=
tion coefficlients of ZrQy and Zrlg are required, It is
reasonable to asssume that if the guercetin concentration ls
kopt constant and the sirconium concoentrstion 1z made ine
finltely large, thoe Quercetin should bs used up completely
to form the l:l complex. These conditions would be obtalined
if the curves in FPig. & (quercetin congentration fixed) were
extrapolated to gero mol ratio., The densities thus obtalned
could be used to caloulate the extinetion eoefficient of the
pure li:l complex Zrl. For Curve 3 the extrapolated density
equals 0,700, The concentration of the pure complex 13
equal to the origlinal concentration of quercetin,.

Thus (ZrQ) = 3.98 x 10™° moles/liter

Ky, = 4. = 0,700 - 17,600
el 3,98 x 1070 x 1
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The same value of kj,y 1s obtained Lif Curve 4 1is used.

The extinction coelffieient of the 2:l1 complex
could be caloulated if Curves 1 and 2, Fig. 4, were exirap-
olated to infinite mol ratio of guercetin to smirconium,
This cannot be done, but an approximation can be made, For
Curve 1 the limiting optical density ia about 0,504 and
for Curve 2, 0,200,

Prom Cwrve 1

Original cone, of Zr0s = 0.0000177 moles/liter

If the Zr 18 completsly in the form of 2:1

complex ZrQ@

Thon (Zrds) = 1.77 x 10™% moles/liter

k201 = 4 3 0a584
¢ 1,77 x 107°

From Curve 2
kgy1 = 30,800
Average ky,q = 32,300
It i8 now possible to test the hypothesls by cal~

culating k {(equation 1),
From Curve 1 @ %%lf = 511
r

d ¢ 0,402
Original (Zr) = 1.77 x 10™° moles/liter
Ortpinal (Q) = 8.85 x 10™5 moles/1iter
(;‘: ‘%) - ﬂ;{;‘,y@.?
1515575
(2rQp) = &21'@2
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darq_ 4 dﬁ#@g* = 1.77 x 10~5
17,600 32,300

1.84d7, + dzpq, = 04572
Also dzpQ 4 dirdg gz 0,402
And 0.B84dZrd = 0.170
Zry = 202
aZrdp = 200

(zrQ)

"

g,ag&z 1.15 x 105 moles/liter
£y J

{(ZrQpn) = 0.82 x 10=0 moles/liter
Uncombined (Q) ¢ (8.85 - 1.15 = 2 x 0.82) x 105
Uncombined (Q) z 6.4€ x 105 moles/liter

k2 {Zrq) (Q) = .15 x 1075 x 6,46 x 105
(2rQy) 0.62 x 10-5

k= 1,2 x 204
The "k" was caleulated slso for several points in Figa. 4,
8 and 6, The resultas are given in Table 8,
The values are seen to be reasonably constant
and lend some weight to the foregoing interpretation.
Curve 4, Pig. 5, oould not be used for similar calculations
since the levels of concentrations used indicated that only

the 111 complex could exist in these solutions,



Table

Equilibriu

Triginal
Mol Ratio (Zr)
....Reference Q/Zr z.0°
Plpe 4y Curve 1 5tl 1.77
moow w o m 1051 1,77
v woo® 15:1 1.77
Fig. 4, Curve 2 1031 0.65
"oon "o 15:1 0.65
Fig. 5, Curve 3 531 0.80
Boon Roon 10:1 0.40
# = moom 1551 0.27
Plg, 6 1051 4.00
woon 2031 2,00

solutions is evidently not valld,
from the average,

The asgumpition that no Er@** ions exlist in these
“hese values were omitted
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8
Constants (1)
Original €+Y]
(Q) (21Q) {2rQ0) Uncombined
X105 2108 x105 %105
8,85 1.18 0, 62 6e48
17.7 0.85 1.12 14.8
26,6 O.41 1.38 23,5
8.5 0.46 0,19 8.7
9,786 0.35 0.30 8.8
5,98 0470 0.10 3.1
3.98 0.35 0.04 3.54
3.98 0.28 0,049 5,67
40,0 0.88 s.12 32,9 0.92
40,0 0.17 1.82 36,2 0.38

Ave = 1,0 x 10~4




Before proceeding to the second possible explana-
tion, it would not be out of piace here to calculate the
values of the equilibrium constants E; and Eg of the twe

complexes, For a l:l complex the extinction coeflficlent

value obtained above was 17,600,

From Curve 1 & Mol Ratio » = 1
{2ey

d = 0,208
(ZrQ) = 4 = %eags ® 1,17 x 105 moles/liter
E » ,JQ

Original (Zr) = 1.77 x 10™° moles/1iter

. Uncombined (Zr) = (1.77 - 1,17) x 10~5 =
0460 x 10"° moles/1liter

Uncombined (Q) = 0.60 x 10*° moles/liter

Ky = 0.80 x 10~% x 0,60 x 10~ = 0.31 x 10-5

1.17 x 10~5

From Curve 3 & {g& s 1
i1

d = 0.522
(2rQ) = %%5?g0 2z 2.7 x 10”5 moles/liter
’ 2

Ooriginal (Q) = 3.98 x 10”3 moles/liter
Uneorbined (@) = 1.01 x 10™% moles/liter
Uncombined (Zr) z 1.01 x 10~% moles/liter

Ky = 2.0 x 205 x 1,01 x 10~% = 0,34 x 10-5

2,97 x 10~5
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Prom Curve 4 & {%2 =z 1
r

\'1 - 0333
(2rQ) = 0,232 = 1.32 x 10™~° moles/liter
17,600

Original (Q) = 1.99 x 1072
Uncombined (Q) = 0.87 x 10~5
Uncombined (Zr) = 0.67 x 10%8

Ky = 0,87 x 10°5 x 0,67 x 10-5 = 0.34 x 10~
1.32 x 10~5

Average ¥ g 0.33 x 10~

The efuilibrium constant Ké for the 2:l aampiax

may be evaluated from the relstionships §§ = k, and
e e 1

formed. In the sscond explanation it is assumed that the
zirconium-quercetin complex is relatively week and that
qnﬁraetin; zirconiwm and complex coexist in the various
solutions., A further postulste iz made that the moler
ratio of sirconlum to quercetin in the complex for the
solutions studied ia always 1l:1, 7The evidence for a 1l:l
eomplex 18 supported by chemical anslysis and 1s discussed

in a later section.
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The constency of optlical denaiﬁy at vafy high
‘mal ratlios 18 taken to mean~thatrin these regions the zir-
conlum complex ia»aampietwly in the l:1 form and the fracw
tion of the complex ﬁraﬁént at smaller mole rabtios may then
be caleculsted. Iquilibrium constants for the reaction
Zrd = Zr 4 Q are bﬁen ealeulated for various solutions
studied, If the values arc relatively oconstant tlie fore-
going assumptions may be considered valid, Curves 1 and 2,
Fig. 43 Curves 3 and 4, Flg. 5; and Fig, 6 are used to ob~
tain the data, A sample galcoulation follows:
1. Extinction Cosffliclent
From Curve 1l
Orliginal eonc. of 2r0p m 54.4 /25 ml., =
0.0000177 moles/liter
If Z2r 18 completely in form of complex
Phen (Z»d) = 1,77 x 10™5 moles/liter
Optical denaity = 0,584

keds=
Py

1.77 x 10°0
From Curve 2
Orlginal conc, of Zrde z 207 /25 ml. =
0.65 x 105 moles/liter
Opticsl density gz 0.200

kKzdsz __ 0.2 = 30,800
¢ 0,656 x 10™

Average k = 32,300 .
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2. Bguilibrium Constant

From Curve 1 @ : = 5

= 1.24 x 10™9

moles/1iter
Original (Zr) = 1.77 x 105 moles/liter
Uncombined {Zr) # (1,77 - 1.24) x 1075 4
0,58 x 1075 moles/liter
Original (Q) o 8.856 x 10°0 moles/liter
Unoombined {Q) » (8,85 ~ 1,24) x 10”5 ¢
7.61 x 10°% moles/liter

Ey = (2r) (R) = 0.58 x 10° 5 x 1 x 10=5
(2rQ) 1.24 x 105

Ky =z 3.8 x 105

The results of the calculations are given in
Table 9,
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9

Constants (II)
(Zr) Original — (Q) “Equil.

Uncombined {]) Unecambined Constant
208 =08 agS % x1of
1.13 Y77 1.13 2,0
0.53 8.85 7.61 3.2
0.30 17.7 16.8 3.3
0.18 26,6 25,0 2.8
0.52 0.88 0,52 2.1
0,32 3.25 2,92 8,9
0.21 8.8 6.06 2,9
0.16 2.75 9.26 3.0
2.56 3,908 g.36 Je4
0,33 3.98 3.51 2.5
0.163 3,986 3.75 2.8
0,008 3.98 3.8 2.2
1,87 1,69 1.27 2,2
0420 1.99 1,79 1.8
0,10 1,99 1.69 1.9
0,39 40,0 36,4 3.9
0.18 40 37,5 2.8

Ave K3 2 2.7 x 10™8
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Ihe constancy of Ky, Table 9, indicates that there
is some substance in the explanstion that only a lil complex
forma, Chemical analysis also indicates a 1l:1 ratic and
there would be a tendency to accept thias idea as beling quite
vallid. However, expsrience in attempting to isolate the
conplox by aolvent extraction (discussed later) gavs incone
trovertible evidence that in certain instances ths solvents
can strip quercetin from the complex. If the second expla~
nation were valid it would be @xyaata& that the value of
the extinction coeflfliclient caloulated for the reglion where
girconium was in considerable excess should be the sams ms
that obtained for the region where quercetin was in cone
gidersble excess, This is not the case for in the high
sirconium end the value of 17,600 was obtained compared
to 32,300 for the high gquercetin end. On the basis of this,
the firat explanatlion seems more logical.

Hypothesis 3: Only the 2:1
formed. The equilibrium constant involved 1n this instance
is given by

The extingtlion goefficlent for the 2:1 complex is
first geloulateds
Por Cuwrve J the axﬁraﬁnlmt@d dﬁnﬁ&ky a 0.700 -
The conec. of the pure aam@iax is equal bto one-hall
the original e¢ono, of quercetin
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Prom Curve 2 & ég} w 1011
Ly

d - 142
(ZrQp) z 0.142 = 0.40 x 10~5 moles/liter
35,200 .

Original (Zr) = 0.65 x 10™° moles/liter
Uncombined (Zr) = 0.25 x 10~° moles/liter
Original (Q) = 6.5 x 10~5 moles/liter
Uncombined (Q) =z 6,8 x 10~% - 0.8 x 105
5.7 x 105 moles/liter

Epeq 3 20 x 10710

Thease three csloulations of Kp,y are sufficient to show
that the third hypothesis is untenablae,

Bent and French (7) have described a method
aspecially applicable to the determination of formulas of
dissocliable complexes.

For the general reaction
Zrpln = mZr 4 nQ

the expression for the aquilibr;um constant becomes

REEN
Taking the logarithm of both sides 1t follows that
log (Zr Q,) = m log (2r) 4 n log (Q) ~ log X
If the concenbtration of one of the long is kept constant
a straight line 1s obtalned by & plot of the log of the
optical density, which 1s proportioned to the concentra-

tion of the complex, against the logeritlm of the concen-
tration of the other lons The slope of this straight line
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then gives the value of n or m. In practice the logarithm
of the total concentration of the ion is plotted instead of
the logarithm of the equillibriwm concenirstlon of the ion.
In dilute solution where the colored complex is largely dis-
sociated a straight line 18 obtained, but deviations will
ocour &s scon a8 an appreciable fraction of the ion is
present in the form of the complex.

The data necgcssary for the method of Bent and
French are given in Tables 2, 4, 10 and 11, This method
indicates that in the dilute reglon the mol ratio of quere
¢etin to zirconium in the complex 1= l:l. If dissociation
is apprecisble, 1t can be shown that the degree of dise
soclatlon can be constant only if the limiting slope is
unity. The degree of dissoclation waa calculsted for each
of seversl points in the dilute reglon (Pig. 4, Curve 2,
and Table 10). The values obtained were found to be con-
stant at 825, The constancy of <X 18 also indicated by
the linear relationship between optlical density and total
eccncentration of quercetin added (dilute reglon, Curves 1

and ﬁ)a



Table 10

Data rpr‘ﬁhn BEvaluation of the
FPormula of the Complax

{(Zirconium concentration fixed at
0,85 = 10~5 moles/liter)

o
208  lep (Q) ¢
1.30 -5, 886 0,008 -2 007
2.60 5,585 0.018 wl, 7485
3.80 -8, 409 0.028 «l BB3
5.20 -5.284 0,084 ~1,469
é,50 «5,187 0,042 18377
7.80 -5.108 0,051 -] 208
8.10 -5,041 3.056_ -1 252
10.4 -4, 983 0,062 -1 .208
13.0 -4, BBE 0,068 -l,167
26,0 -4, 588 0.098 ~1.018

52,0 -4,284 0.131 -0,883



Teable 11

Dsta for the Evaluation of the
Formuls of the Complex

(Quercetin concentration fixed at

1,89 x 10~% moles/1iter)

(Zrsg)
x10€ log (Zr0g) d ~log d
1.77 -5, 752 0,026 -1,585
3.54 ~5,451 0,057 -1, 244
4,56 ~5.341 0.072 1,143
5,80 -5,237 0.087 -1.060
7.08 «5,150 0.106 -0, 975
8,85 5,053 C.129 -0, 890
10,6 -4, 975 0.148 -0, B30
12,4 «d o908 0.170 =0, 770
14,2 -4,840 0.188 «0,726
15.8 -4,798 0.202 -0, 695
17.7 -4,752 0.220 -0,658
24.7 ~4,608 0.261 ~0,583
35.3 ~4,452 0.283 -0.548
53.0 -4,276 0,298 -0, 526

€l
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COMPOZITION OF THE
ZIRCONIUH-QUBRCETIR COKPLEX

The ilsolation of the zirconiume~quercetin complex
preosented some diffliculiles becauss of the high solubllity
of the complex in weter and the 1nﬁelﬁbility in organiec
solvente, The complex was found to be inascluble in ether,
n=butyl ether, toluene, tetralin, carbon tetrachloride,
shloroform, ethyl acetate, armyl acestate, l1soamyl alcohol,
benzyl alcohol, cyclohexanol, eveclohexanone, p-methyl
eyclohexanone and 4emethyl-2«pentanone, Isolation of the
complex by solvent extraction was therefore abandoned.

It was found that ether was able to extract
quercetin from solutions containing about 32% by volume of
alcohol and Q.58 In HOL, This offered & means of lsolating
the complex by oryatalliszetion from solutions in which the
axcess quarcetin had been removed by extraction. Accord-
ingly, 100 ml, of O,3H HCl1 solution was made gontaining
21.8 mg, 2r0g, 267 mg, quercetin, and 32 ml. of alcohol,
The mel retio of gquercetin to girconlium in the seolution
wags 53l., Tho solution was extracted with several 100 nl.
portions of ethyl ether until the ether layer remalined cole
orless, The agueous layer waa then heated gently at about
40° C to remove the ether and the solution was then allowed
to cocl in & refrigerator overnight., The cryatals whiech
formed were flltered, washed with water and dried under
vacuum at 70° C in an Abderhalden pistol drler., The yleld
of the complex was 1l mg. Hobert Meyrowitz of the U, 3,
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Geological Survey analyged the complex for ¢, H, Zr, and Cl
by micro-chemlical technliques. Hls analysls follows:

% G. Atoms éig?ig
c 41.2 Se 44 14.8
H 2.8 2.8 11.8
Zrog 29,1 0.237 1
Cl Sed 0, 087 O 37

A 1:1 complex is indicated on the basis of the

analysis, The probable formula of the complex is
. DH

RO =
I
\ {/C\G

H,0 oK ¢l

The evidence for a lsl complex is not conelusive
however, IFor exsmple in attempting to isolate the complex
by solvent extraction it was found that cyelohexanol stripped
the quercetin completely away from the sirconium, FPossibly
ether acts in a similar menner but not to the ssme extent

as oyoclohexanol.
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THZ REACTIONS OF QUERCHTLN
WITH OTHER ELEMENTS

Hearly ell of the slemenis were teated to daterw
mine thelr behavior with quercetln under the opiimun con~
ditions used for the girconiumequercetin color systemn.
Generally the cations werse introduced in the form of chlore
ide or nitrate saslts snd the anions in the form of sodium
salts, Reagent grade chemicala were used for the common
elements whille speclial high purity ohemicals (09.8% or
better) ware used for the less comuonly available slements
such as hafnium and the rare earths,

Hach element was teated Iln the absence of zirco-
nium and at two levels (5¥ Zr0y and 25 ¥ 2r0p) of zirconium,
The solutions were slways made to 25 ml, volume belore
measwring thelr optical denslities. Zlensnis Lorming
gcolored ionsg wsre tested Iln the absence of both guerceiln
and zirconium to determine the exbtont of the ghsarptian at
440 mp produced by the netural color of these ions, If an
element gave indicsations of & ¢olor change, different cone
centrations of the element were teated, The data (density
vs, concentration) were plotted to determine the minimum
amount of the element which produces no effect., A denalty
difference of 0,003 units (equivalent %o 0.3 Y ZrOg) was
talzen as the cut off for reporting interference., The ele-
ments not tested inolude Fr, Ra, Tb, Ho, Er, Tm, Lu, Ac, Pa,
Te, 08, Ir, Fo, At, and the lnert gseses.

The fellowing cations 4o not interfere in the
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maximum amounts (expressed a8 oxlides) indicated:
0.8 g - Ra, X, and R,
0.1 g« = Rb, Cs, Mg, Ca, Ba, 5r,
Zin, Cd, ﬁg**, Ag, Pb,
71¥, sntt, ana astit
U.08 go = La and ¥
0.004 g. - Eu, Yb, Gd, and Dy
Acetate (0.5 g£.) and bromide (0,2 g.) ilons do not interfere,
Some elements interfere by decreasing the color
intansiﬁy given by slrconfum, These elements probably cone
sume resgent or tha&r anions react with zirconium, Some
elements 1ntérrora because of the natural eolor of thelir
ions in hydrochloriec acid solution. $§ma elemants produce
unstable colors with quercetin while other elements react
to inecrease the color intensity of the solution, The mini-
mun amount of each element that can be tolersted and the
nature of the interference are given in Table 12, It is ine
teresting to note that at low congentrations of sirconium
(5 ¥ Zr0n per 25 ml.,) larger smounts of some interfering ions
can be tolerated than at higher concentrations (25¥ Zr0g per
25 ml.,) of zmirconium, Serious interference is given by the
following lons: Oxalate, fluoride, phosphate, scandium,
gellium, mercurous marauéy, titanium, hafnium, thorium,
germanium, tin, vanadium, chromium, molybdenum, tungsten,
iron, antimony, nloblum, tantelum, and the platinmus metals
teasted, Ths only elements that would interfere after a
potassium hydroxide sepersation of zirconium (under oxidizing
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conditions) would be scandium, titanium, hafnium, thoriwum,
iron, and possibly antimony, niobium and tantalum.

Some additional observations are to be noted.
Tungsten, antimony, niobium and tantalum form precipitates
with quercetin., Since quercetin does not precipltate ti~
tanium and zirconium it may prove a valusble resgent for the
separation of nioblum and tantalum from titanium and zire
conini,

The very szensiiive coler reactlon glven by tin
with quercetin should be investigated for the colori-
mebtrisc determination of tin, Quercetin may also prove
useful a8 & colorimetric reagent for fluorine (by quench-
ing of the Zrequsrcetin color), and for hafnium; molybdenum,
antimony and hexavalent chromiwm,



Table 12

Maximum Permissible Amounts
of Various Anlons and Cations
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{Amounts ealculated as oxidses unless otherwise indigated)

Compound
Tastad

Cltrle Acid

Tartaric Acld

(i 4) oHPO,
HaF
Nag504
LiC1
HAuClg
CuClyp
Be(H0g)g
Coe(NOs)s
8m(N0g) 3
Pr{HOx)%

Ha(Na3) 3
Se(iiox)s
HgBOs

AlClg
Ga(N0s)s
In(NOg)s
HgHOg
TiClp(OAc) g

Max, Amount Max, Amount
At BY ZpOp At 25 ¥ ZrOg Hature of
Level Leve) _Interference
10 mg. moid 1 mg, acld Negative (i.e,
guonches)
10 mp, acid 1 mg. aeld Hegative
> 100 ¥ PaOg €5 ¥ PoOg Hogatlve
10¥ F 5¥F Hegative
13 mg. S0y 3.5 mg. 303 Regative
2 850 mg. 18 mge. Hepative
0.25 mg, 0,25 mg. Pos.; colored
‘ ilon
5 mg. 5 mg, Unstable seoln,
S Bge 3 mge Positive
25 mg. 5 ng. Negative
10 mg. 10 mg. Poslitive
10 ';s:g, 10 mg. Pos., colored
ion
25 é@.‘ 25 nmgy Positive
20 ¥ 20 & Posltive
. B nmp. 8 mg. Positive
0.6 mz. 0.8 niz, Positive
15 ¥ 18 r Positive
7 mge 7 mge Positive
150 ¥ 150 ¥ Unstable soln,
18 ¥ 15 Poasitive



Table 12 (Cont.)

Haximum Permissible Amounts
of Various Anions and Catlons
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(Amounts galculeted a8 oxides unless otherwise indicated)

Hax, Amount

WMax. Amount

Compound Av & ¥ Zr0g At 85 ¥ ZrQg Rature of
Tested Level Lovel Interforence

H{OCLln Q.75 ¥ 0,76 ¥ Positive

Th(N0g) 4 40 ¥ 40 ¥ Poaltive

GeoCly 7Y 7% T Positive

SnCl 4 Oud ¥ Ced ¥ Positive

NHgVOy 200 ¢ 200 ¥ Unstable soln.

BiClg 5 mg. 5 mg. Positive

CrClg 250 7 250 ¥ Pos,, colored
ion

KaCrgOqg 1¥ Crp0y 1% Crg0g Positive

(3Hy) ghlog024 0.2 7 0.2 ¥ Positive

HapWO, 0.5 7 D6 7 Positive

FeCly & 7 6 7 Poa., unstable
soln,

Fe(Nig)p(804)e 50V 50 ¥ Pos., unstable
soln.

CoClg & mg. & mg. Pos,., colored
ion

Nal 5 mg., IT 5 mg, IT Pos., In

HapHAs0, - 3 mg. Asplg Negativo

HpSelg > 0,2g Se0y 50 mg, Se0g Hegative

HgTeOy 10 mg. TeOp 10 mg. Te0g Positive

NiClp B8 mg. 8 mg, Pos,, colored
ion

U0g(1i0s)g 3 mg. 3 mg. Positive
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Table 12 (Cont,)

Haximam Permissible Amounts
of Various Anlons and Cations

{imounts caleulated as oxlides unleas otherwiase irndicated)
Hax, Amount Hax, Amount '

Compound 4% B ¥ 2rlp
HagpiiOyg - 40 nge Hepeative
SbCley 3 3 Posltive
HbgOy in Hgl0, 17 17 Positive
TagOp in Hg80, 27 27 Foasitive
HoPdCl 4 60 ¥ P& 60 ¥ P4 Pos,., colored
ion
HgRhClg 100 ¥ Rh 100 ¥ Rh Podey colored
ion
HoRuClg 4 Y Ru 4TRu Poss, colored
ien
HgPtClg 500V Pt 800 VPt FPose, oolored

ion



THE COLORIMETRIC DETLRMINATION OF
ZINGOHIUM BY MEANS OF QUERCETIN
DISCUSSIOH OF PROCADURE

In the determination of zirconium by means of guerw
cetln provisions must be mede for the removal of interfering
lons, especially iron and titanium which sreo common oonstit-
uents 1in most naturally cccurring materialsz, Freclpltatlon
of girconiunm by mesns of elther propylarsonie acid or mande-~
lic acid would be an effective means of amccomplishing this
but no carrier for zirconium could be found that would be
preciplitated by these resgents. At this point it seemed
that the bLest approach was to find & zirconium reegent which
would quantitatively precipitete microgram amounts (35 ¥ Zrig)
of this element without carrier and which would at the same
time separate zlrconium from interfering elements, The re-
agent p-dimethylaminosgophenylarsonic acid offered a means
of ameccomplishing this if 1t were poasible to prevent the
precipitation of titanium with hydrogen peroxide, Frealimle
nary experiments indicasted that hydrogen peroxide could not
e used bogause of 1ts rapld and complete oxidation of the
ago-arsonlic agld, Attempts Lo prevent the precipitatlion of
titanlum with the asow-srsono dye by employing media of high
acidity were not completsly successful, At the same tinme
it was observed that the ti%&nium.farm@& no preclipitats

when the solutions were hot, a gfeeipiﬁaﬁa being obtained



only during the cooling process, Ixperiments indlcated

that only a few mlerograms of titanium coprecipltated with
zirconium 1f the zirconium precipitate was formed in

(15485} HCl solution and the solutlion was filtered hot (70 =
90° C), In this manner microgrem amounts of sirconium

could be separated from at least 10 mg. TiOp (See Experi-
monts, 1, page 82). Othor elements usuelly precinitated by
the ago-arasono dye were found to bo more soluble undor these
conditions. Of the slements that would interfere serlously
in tho determination of girconium by means of quercetin

only W, Ta, Nb, and 5¢ were found to be precipitated by

the szo~araono dye in hot (15485) HClL solution (See Exporie
mentas, 2, page £2). The amount of scandium precipitated is
small and possibly 0.5 mg. Scg0y can be tolerated in the so-
lution used for precipitating zirconium., Vanadium and other
strong oxidiging sgentsz oxidize and destroy the azo-arasonie
,acld and should be absent,

The precipitation of zirconium in microgram
smounts by p-dimethylaminoazophenylarsonic acid is very sene
gitive to fluoride, Even mﬁ@f@gﬁ&m amounts of fluoride ion
hinder the precipltation of zirconium, PFluoride in any
form should not be used in the preparation of the solution
for analysls because 1t commobt be completely removed sven
by prolonged fuming wlith perchloric acid (See Experiments,
3, page 83)., Small amounts of sulfate (70 mg. 50z maxie
mum tested) do not interferse, PFheosphate in amounts under

0.6 mg, P20 {(maximum tested) was also without effect,
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A procedure was developed for the colorimetric
determination of zlrconium in plass sands, elays, and burnt
refractories, The asample, 0.2 g., 18 fused with a mixture
of potassium carbonate and borax. The melt 1s digested
with waler and the precipitate is flltered to separate
zirconlum from flucorlds, phosphate and other anlong, The
reslidue 1ls dissolved 1in het HCl, and zirconium is procipl-
tated with pedimethylaminoagophenylsrsonlic acid from 50 ml,
of {(15485) HC1 solution, The zlirconiwa preclpltate is fil-
tered hot with the aid of paper pulp and washed with a hot
acid solution of the azo dye., The pregipitate is Ipgnited
at 500° C and dissolved in Hp804;, Excess acld is fumed off
and the zirconium is then diasolved in HCl solution for the
determination with quercetin,

A fow detalle of the procedure noed to be examined.
It is common knowledge that zirconium 18 insoluble in water
after fusing with 8 carbonate flux, This holds for millie
gram or larger amounts of zilreconium but does not alwsys
hold for micropram amounts of zirson&u@ in the absence of
spocilic cerriers such as iron and tltanium. For oxample
it was found that in samples wilith insignificant amounts of
iron or Litanium neearly ell the zirconium wes soluble alter
fusion with cerbonate. The glrconium probably forms & sole
uble complex carbonate in these instances, The complex
carbonate of girconium can be destroyed at alkalinities
higher than given by carbonate solutions, Thus for samples

contalning very small amounts of iron or titanium the
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dataliled procedure calla for the addition of ferric iron
(equivalent to 5 mg. FepOy) to the leach of the carbonsate
melt and sufficlent KOH solution to incresse the alkalinlty
prior to the filtrsbtion of the sclublon.

The precipltate of zirconium with thes pararsonic

aold tends to lesk throush the Iilter unless e very tlight

filter, such g8 Whatman Yo, 42, and paper pulp sre used in
the filtration, Tho preclipitate ashould be heated slowly
and in the absence of drafts to prevent dusting losses.
The ignition should be mads in a amall muffle furnace end
the temperature must not be allowed to excead 500° C else
the residue becomes difficult to dissolve in sulfurie scid,
After solution in sulfuric acld, the excess sulfuric is
removed because sulfate quenches ths zirconiumw~quercetin

color.

REAGENTS AND APPARATUS

Standard stock solution of zireconium in (141)HC1, 1 ml, =
approximately 2 mg. ZrOpr Add 100 ml, (141)IC1 to
2,17 g. Zro(0g)p « 2Hz0 ° and boll gently wntil 75 ml.
remaln, Nake to 500 ml, in a volumebrie flask with
{(141)HCL, Standardige by taking 20 ml., portions and
precipltating with redistlilled HI40H and 1gniting to
oxide,

4§Zr02 prepared from gzirconyl nitrate obtainsd

from Fisher Scientific Co. contained less than 0,3% HfOg
by spectrogrsphic tests.
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Standard sirconium selution in (144)HCl, 1 ml, = 10J Zr0s:
Take 5 ml. {or appropriate amd&ﬂc) of stock solution,
edd 395 ml, (141)HC1 and make to 1 liter with distilled
water, Tests indicated that zlrconium soclutions cone
taining more than two percent by volume of HC1l are
atable for et least six months,

p-Dimethylaminoazophenylarsonic acld solution, 0.3% in
(141)HCls Powder the pararsonic acid in an agate
mortar and dissolve 3 g, in hot (509 C) (141)HCL and
maks to 1 liter with (141)HCI,

Alccholic solution of quarcetins, 1ml, = 1.00 mg, quercetins
Disgsclve 0,300 g, quercetin in 300 ml, of 95% alcohol,
warming i necsssary, HMake to 500 ml, with alcohol,
The solutlon should be filtered if necessary.

Potassium hydroxlde solutlon: Dissolve 10 g, ¥OI 1n 100
ml, of distillied water.

Ferrlic chloride solution, 1 ml, z 1 g, Feplyt Dissolve
0.l g. pure iron wire in MHCl using & smell amount of
H50; to oxidize the iron, Ivaporsate the solution to
dryness on the steam bath, Add 1 ml. of {(141)HCY and

20 ml, of water, digost the solutlion, cool and make
to 100 mil,

"The quercetin used was obtained from Delta
Chemical Co,., 23 West 60th 3t,, N, ¥, S, B, Penisk Co.,
50 Church 5%,, N. Y,, and T. Schucshardt Ltd,, Leopold-

strasse 4, Munchen 23, Cermany, also supply quercetin of
excellent quality.
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Carbonate~borate flux: Mix 3 parts of anhydrous KpoCOg
with 1 part of borax.

Hydroechloric acid: Use redlstilled acid for all work in-
cluding the preparation of resgents.

Sulfuric acld: Reagent grada.

Spectrophotometer: The Beckman Specirophotometer, Model DU
was used, Presumably other good specirophotomelers

may be substituted,

FROCEDURE

1. Weigh 0,200 gram of sample, ground to an ime-
palpable powder, into a platinum erucible. Burn off or-
ganic matter if present in the sample,

2. Add 3 g. of the carbonate~borate flux and mix
thoroughly., Cover the crucible and heat gently at first
and then fuse the sample at high heat over a burner for 30
minutes, The fusion period can be greatly shortened for
samples that are not refractory, Cool,

&+« Leach the mell wlith about 50 ml., of water,
Remove cruglble and cover, scrubbing and rinasing them be-
fore setting them aside, The totel volume at this point
should be about 70 ml,

4, If the sample 1s known to contain iron or tie
tanium proceed to Step 5. I the sample contsins negligidle
amounts of Ilron or tlbtanium add 5 ml. of forric chloride go=
lution end stir. Add 10 ml, of KOII golution, stir, and die

gost the solution on the steam bath for at least one hour,



Be Filter the scolution on Whatman No, 40 paper
and wash the precipitate with 1% KOH solution., Drain the
paper and stem of the funnel thoroughly.

€, Dissolve the precipltate with 10 ml. of hot
(141L)ECYL (use pipette), colleeting the filtrate in a 100 ml.
besker, VWash the paper wilhh water,

7 Add 5 ml, of p~dimethylaminoazophenylarsonic
acld solution and adjust the volume to 50 ml, and digest
the solution on the stean bath for at lesst one hour,

8, Add e gensrous smount of paper pulp and file
ter the preclipitate of girconium hot., In order to prevent
precipltation ﬁf ﬁi%aaium the solution must not be allowed
to cool below 70 C during the filtration,

9., Waah the presipitate tharoughly with a hot
waash asoclution of the dye (made by taking 10 ml, of the ago-
arsonic acid solution, 70 ml, of cone, HC1l and diluting te
500 ml. with water).

106, Transfer the paper and precipltate to a
platinum cruelble and remove most of the water by drying
in an oven for about an howr, Then gently ignite the pre-
clpitate in & small muffle furnece at B00® C starting with
2 e¢old furnace,

1l. Add 10 drops of HpB804, cover the crucible
and heat on the hot plate for about one-~half hour to dise

solve the girconium rasidue, A4 small smount of siliea



usually follows zirconium up to this point 80 that a com=
plete solution of the residus may not result, However the
zirconlum is diasolved by this trestment,

12, Remove the cover and allow the sulfuric acld
to evaporate on the hot plate until no more fumes of secld
appear,

13. Holding the orucible with platimm tipped
tongs, remove the last traces of sulfurle by gently hesting
below 500° C over a low burner.

14, Add 5.2 ml, of (144)HC1 by =& pipette, Cover
the cruelble and warm the solution a& few minutes to dia-
golve the giraanium_. Hinse the cover with wabter addings the
washings to the crusible, Transfer the solution to & 25 ml.
volumstric flask,

15, Adjust ths volume to sbout 15 ml, with water,
Cool. Add & ml, of alecohol and 3 ml, of quercetin using
pipettes, Mske the solution to the mark, mix and obtain
the density of the solution in a spectrophotometer at 440 npu,

16, Determine the amount of girconium by refer-
ence to & standard curve,

Xote 1l: An aliquot of the solution should be
taken at Step 14 if the sample is
known to contain more than 25-50¥ Zr0g.
Additional scid will then be required to
bring the scldlty up to 0,.5N HCL used 1In

determination of zirconium with qQuercetin.,
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Note 23 A blank should be run in the procedure,
For example 1 7 ZrOp was found in the com-
bined residue of the filter paper and
pulp used for the filtration of the aso-

arsono preclpitate,

TEST QF THE PROCHEDURE
The procedurs was applied to the determination

of zirconium in glass sands, elays, and refractories,
Bureau of Standards stendard samples were used, The com~
position of the smmples 18 glven in Table 13. The results
obtalined for sirconium by the quercetin progedure are com-
pared to gertificate values in Table 14, The agroement is
satiafactory.
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Table 13
Composition of mﬁndard ﬁmplu

5.5, W 5.5, 77 B.5, 76 5.5, 97 B.5. 96

(Burnt (Burnt ( Burnt

Refrac~ Refrac~ Refrac- {(Flint

tory) tory) tory ¢lay) (Clay)

510p 54,68 32,38 20.69 42,87 59,11
Alx0g 37.67 59,39 69,07 38,77 26.54
FogOs 2,38 «90 .79 .98 2,08
T10g 2.21 2.03 5,37 2,38 1.43
ZrOo .07 .09 .12 25 +04)
PgOg «089 «45 .62 .08 .08
VgOg 021 .032 . 047 .040 .0B5
Crolx - - - .079 .021
Ca0 «27 .26 .38 .10 «21
Mg0 .58 .50 W51 .26 T2
EgO 1.37 2.11 2.83 .54 - 3.17
Nag0 .38 .86 53 .33 .28
S0y - - - . 042 .07
Mno - - - .002 « 005
Cuo - - - . 003 «009
1508 .22 21 .26 13,35 7.26



Pable 13 (Cont.)
Composition of Standard Samples

mv éﬁ. ﬁ Q‘gﬁ ﬁ
(Glaas (Opal

‘ ‘ Sand)  Olass)
8109 - 67,83
Kgo »016 -

Gad « 029 10,48
xg0 - s
A1504 .65 6,01
F b 5; ?2
P - #M?
Zn0 «08
T10g .095 019
Zrog .031 + 00958
C1 - «014

Loss +23
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Table 14

mparison of Results

Be
B,
B.
B,
Be

Carti

27 .
98

fg&ﬁ ‘AMyaj_ s

Aversge
0.07
0,09
0,18
0.031
0.0085
0.85
0.041

0.033, 0,029
0.0100, 0,0104
O.R45

0, 0409



EXFERIMENTS

1., Separabtion of Mieropram Amounts of Zirconium
In these experiments

girconium was precipitated hot with & ml, of the pararsonle
scid solution from & total volums of 50 ml, of (15485)HCL
solution and containing various smounts of titanium, 'The
titanium was added am a dllute hydrochloric acid solution
of the salt Ti(0OAe)pClg, The zirconium precipitate was
filtered hot alfter one hour and washod with a hot wash 80w
lution of the dye (3ee Procedure), The precipitats waa lg-
nlted in porcelain and fused with a small smount of KoS350q.
The cooled melt was leached with 10 ml, of (149)HNOx, a few
drops of HgOp were added and the titanium color waa come
pared with a serles of titanium standards, Tabhle 15 ile
lustrates the comblnatlions used and the amount of T10n
coprecipitated under these condlitions, The maximum smount
of TiOg copreoipitated was 252 TL0s when 500 ¥ Zr0p was
used, DBecause guercetin 1s capable of determining just a
few microgrems of Zr0p even this alight Interference of Ti0p
is removed by dilution,

2.

ditions of ?r$g&ﬁzbatiaq of Zirconium with Perarsonie Agid.
Various elements were tested to determine the precipitating

lements under the Con-

action of pararsonic acid in hot (15485)HCY solution. The
solutions were made to 50 ml, volume and contained b ml, of
the pararsonic seld solution. Iach solution was kept on

steam bhath for at least one hour, The solutions wers then
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exemined while still hot for any precipitate that might be
preszent. An estimate of the amount of each slement precipie-
tated was made from the sige of the preclpltation obtalned.,
The results sre given in Table 18,

3. Ingomplete Removal of Fluoride by Prolonged
Funing with Perehloric Ac¢id. Five millliliters ol hydro-
fluoric acid and one ml, of perchloric aclid were added to

a chloride solution in a 30 ml, platinum cruclible contalning
0.1 gs AlpOy and 0.250 mg. Zr0p. The resulting solution was
evaporated on the steam bath and then on & hot plate to ree-
move the perchloric ascid. One ml, HCLO,; solution was added
and fumed dry on the hot plate, This was repsated twice
more with 1 ml, portions of ICl04., The residue was dise
solved in 10 ml. of (141) HClL by warming and the solution
transferred to a small besker, Water was added to 30 ml,
and b ml, of the pararsonlc aecld solution was added. The
volume was adjusted to 50 ml, with water and the solution
heated on the steam bath for one hour, Ho preciplitate of
girconium formed, 7This experiment was repeated seveoral
timea with the same result, When the experiment was re-
peated in the absence of aluminum only 80% of the zirco-
niun was procipitated.



Table 156
Coprecipltation of Titanium

TombInation 02

7  mg. Ti0g

7 mg, TM0p |

0.28 mg., Zr0g 0.020 mg. Ti0p
0.18 mg. Zrlg 0,020 mg. Ti0g
0.10 mg, 210y 0,015 mg, Ti0p
0.08 mg, Zr02 not detected

0,05 mg. T10g
Q.w e zm not detescted



Table 16

Elements Precipitated
Acid in Hot (15485)HC1l Solution

Pararsonio

Observations

Large ppt; about 3 nmg.
Small ppt; sbout 0.4 mg,
Smell ppt; about 0,02 mg,

PpY; prob. quantitatlive

Small ppt; smbout 0.03 mg.
Small ppt; about 0,005 nmg.

Ppt; prob. quantitative

Ppt; prob,., quantitative

Amount

Element &3652;23

~Taken (Mg, )
3¢ 20
Se 1l
Sa 0.3
W b X
Ho 80 ¥o ppt.
b &0 Ho ppt.
Th 40
Th 10
BL 50 No ppt.
Kb 1
Ta
Au & Ro ppt,
Be 50 No ppt.
Ga 50 o ppt,
Ce 15 Ho ppt.
vi5 50; 5 No ppts
cr¥3d 50 No ppt.
v 30 Ho ppt.
Pt 60 mg. Pt Ho ppt.
snté 50 No ppt.
Cet3 20 ¥o ppt.

destroys dye
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Table 10 (Cont,.)

Elements Irsclplisted by Pararsonls
Aeld in Mot (15488)HCL Solublon

Kmount
Tested
Element Aa Oxide
Taken { g, ) o Chgorvations
p 4 20 o ppt.
Pr 20 Ke ppt.
Gd 20 Lo ppt.
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