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IHTOCttnJOMOK

&iroonium has teeoi un. important aotal In atomic 
energy technology he cause of its low neutron capture cross 
section and other desirable physical and chemical proper­
ties. One of the consequences has been an Increased in* 
ter®st In the analytical ahead• try of sireonlusu

The literature contains numerous excellent re- 
agents and procedures for the determination of macro amounts 
of zirconium* the situation, however, is far from satis­
factory In regard to reagents and procedures suitable for 
the determination of mlarogram amounts of sirooniusu ’this 
is largely because of the difficulties presented by the 
constancy of the valence state of zirconium, the colorless 
nature of the zirconium ion and of most zirconium, complexes, 
and the similarity of zirconium to elements of its own and 
neighboring groups*

M i  study was undertaken with two objectives in 
mind# The first objective was to find a very sensitive or­
ganic reagent suitable for the colorimetric or fluorimofcrio 
determination of ftireoxtlum* Sigh selectivity in the re­
agent would be desirable but not at the expense of high 
sensitivity* The second and main objective was to develop, 
with the reagent, a practical method of analysis for micro* 
gram amounts of zirconium in siliceous materials*



m m i m  of the l it h m w z x s h b  m  theANALYTICAL CHEMISTRY OF SIBCOHIUM

The extraordinary ability of zirconium to form 
precipitates or chelate complexes in strongly acid medium 
is a property of paramount importance In the analytical 
chemistry of zirconium. Hume roue reagents selectively 
precipitate zirconium in acid solution and such reactions 
form the bases of many excellent gravimetric procedures 
for the determination of zirconium.

The classical methods of slroenlum analysis 
with phosphate (IB) (45) and with selenite (9) (10) (65) 
(56) (6?) are still important today. Willard*© method 
(80) involves the precipitation of zirconium from homo­
geneous solution either with trimethyl phosphate or meta- 
phosphoric acid to obtain denser precipitates. Scheeller 
introduced tannin as a precipitant for sireon!urn (50) (61) 
This reagent separates zirconium from sesqul oxides* ura­
nium, vanadium and thorium but titanium and tin are eo- 
preeipltated* Cupf©rron (46) (47) (48) (72) although not 
selective will always be valuable in separation procedures 
The cupferrate of zirconium is soluble in organic solvents 
(21) and this property should prove valuable for purposes 
of concentrating wlreoniusu

The precipitation of zirconium as arsenate (5) 
(0) (15) (51) (59) (62) has received some attention lately
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In general the erne separations are obtained as in the
phosphate precipitation. Two precipitations arc neces­
sary when Bi, Be, Th, Bn, and Ti are present. On ignition 
arsenic is reduced (by the filter paper) and volatilised 
and the ignited precipitate can be weighed as SrOg. (hasp 
(30) obtains a more crystalline arsenate precipitate by 
forming arsenate ion in solution through oxidation of 
arsenito.

hike arsenic acid, organic derivatives of ar­
senic acid react with sirconium salts in acid solutions 
(2) (3) (8) (11) (15) (24) (36) (37) (58) (64). the abil­
ity of these oontpounds to precipitate slroonlusi is due 
to the salt forming group «AsO(OH)2# fha araonle acids 
are capable of precipitating smaller mounts of glreomium, 
.and for this reason are more useful., than arsenic acid.
In general the arsenic acids are useful pare dpi tents, for 
If, Zr, 8b, and Til, Titanium, Th, Sn, and W usually in­
terfere, while Bi and 3b may interfere at low acidities. 
Propyl&rsonic acid (3) (24) is probably the best of the 
many arsonic acids proposed. Few slreomlu® reagents com­
pare with propylarsonic acid in regard to specificity.
This compound can be used to determine sireonlua in the 
presence of 3m, Th, Ti, Mn, Hi, F®, Al, C®, F, Or, Ou,
Mg, Zn, U, Mo, Co, Be, W, and Cd. Kolthoff (59) uses 
mwziltrophenylarsonio acid and determines slreonlum as 
well as U, Th, and. Sn by amperomstrie titrations.

Colored slreonlum precipitates are obtained by
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using aso derivatives of bensenearsenic acid* The color 
of the zirconium salt usually' differs from that of' the aso 
arsenic acid and thus colorimetric procedures are possible* 

In recent years considerable attention has been 
paid to the study of organic acids as pro oi pit ants for zir­
conium (55) (57) (60) (74) (75) (76) (77) (78)* These re* 
agents are very useful for separating zirconium from di 
and trivalent metals such as Kg, Fe, Ai, and. rare earths* 
Usually Ti, Th, Sn, Ce44 imterf ore * although such inter** 
farena* for many acids (60) (74) (75) can be eliminated by 
double precipitation of zirconium* At lower acidities 
many of these reagents are useful precipitant* for thorium 
and other quadrivalent elements* Mmdolic acid and other 
glycolic acid derivatives (4) (23) (31) (32) (35) (40) (34) 
are especially Important and have received much favorable 
attention because of their specificity toward zirconium*
For example| In the mandalie acid procedure of Itumins (40) 
(54) Ti, Fa, V, AI, Cr, Th, C®, Sn, Ba, Ga, Gu, Bi, 3b, or 
Cd do not interfere* The zirconium precipitating action 
of the (-CHQB-C00H) group is retained even after the intro** 
duction of an aso group into the mandelie acid molecule (53)* 

Sodium flavianate (10) is quite a specific re­
agent for precipitation of zirconium* Thorium, Ti, t$ La,
€#, Fr, Hd, S®, Al, Fe, Cr, U, Be, Mn, Zn, Hi, Co, Cd, Cu,
Sn, Bi, Mg, 8a, Ca, V, W, and Mo are not precipitated by 
this reagent*



Tim situation In regard to methods for the de­
termination of small amounts of slreonlum is not very 
satisfactory* Although numerous reagents have been pro­
posed for the detection of slroonlum only a few have been 
developed Into quantitative methods* the hydroxyanthra- 
qulnonas (17) form, colored lakes with slreonlum in acid 
solution* liebhafsky and fins low (19) {44} describe the 
use of all sarin# purpurin# and qulnailsarin for the deter­
mination of small amounts of slroonlixm* The alreontum- 
allsarin lake Is formed in alcoholic solution* Allsarin 
Hod S (26) (Si) (49) (69) (79) Is. probably the most Impor­
tant reagent for the colorimetric determination of slroonlum* 
thm alrconlusa lake with all sarin sulfonic acid la formed In 
aqueous madim generally in 0*1 to *SH HCX, Small amount© 
of ferric iron can be tolerated# but larger amounts must 
be removed or reduced to the ferrous state* One serious, 
disadvantage of the All sarin Bed 3 color reaction Is its 
relatively low sensitivity* the reagent 6-@hlorobromamine 
acl d {1 -amino-6- chi or o-4-br omo-2 - ant hr aqui none sulfoni o 
acid) was described by foe and Overholser (03) for de­
tecting slreonlum by the ©pot test technique* This re­
agent is not sensitive to mall slreonlum concentrations* 

p-BimettoyIa»lnoasophenylarsenic acid is second 
In importance to Allsarin Bed S as a colorimetric reagent 
for slreonlum (33) (52) (68)« The procedures are indirect 
and involve precipitating slreonlum with the arsono-aso 
dye# washing and decomposing the precipitate with ammonium
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hydroxide and than measuring the absorption of the dy# so­
lution released* Stehmey and Ssfrimakl (68) determined 
mlcrograrn counts of slreonlum la this manner* Titanium 
and t lings ton Inter for© seriously and In spit® of claims to 
the contrary, hydrogen peroxide cannot he used to elimi­
nate the interferences bee&us© it . destroy s the reagent* 
Other, elements such as Ob, fa, Bn, Sb, lie, and So Interfere# 
Indirect procedures hare ob vious &1 sadvantages* Also dis­
turbing Is the fact that the ratio of reagent to slreonlum 
In the precipitate can bo 1*1 or 2*1 depending on the con­
centration of slreonlum*

KusnetsoY (41) has shown that o-by dr oxy&ao com-
pound* having an era one group ortho to the aso group, as

A*0<qg)g OffIn the structure '" ~ M  9 I - <T" react In
acid medium with sireonium to yield a precipitate and si­
multaneous change In color# fhorium, fif, lbf fa, TI, and 
U interfere# These reagents lend themselves to direct 
colorimetric analysis and should be valuable for the. de­
termination of some -of these elements# Kuenetsov (42)
(43) (describe# 2-hydroxy~5-me thyl&*obensen*-41 -sulfonic 
acid ms a reagent for elreenlueu No article# on this re­
agent have appeared since the original publications*

Various ago derivatives of mandelie acid were 
synthesised by Ocsper and co-workers (53) in a search for 
a reagent -producing a colored slreonlum precipitate* 
m-Azo-^3 -naphtholsman&oli c meld was the best of those syn­
thesised* the similarity of tho color of the reagent to
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Its zirconium precipitate and the solubility character- 
is tics of the « o m »  -n&phtholmandall c acid made It use­
ful only with the Xagoda confined spot testing method*

Th&mer, Voigt and others proposed ehloranllle 
acid {2 , 5—&1 chi or o-$ , 6-dihy dr cxy-l, 4-benasoqui none ) (20)
{TO) (71) as a colorimetric reagent for zirconium# The 
reagent Is not sens!tire and Vg Th, Sn, $b, 1ST, Mo, Cd, Ag, 
Ti, and Fa*3 infeerfars.

Only very few publications have appeared on the 
determination of zirconium by fluorescence reactions. Only 
one method useful for quantitative analysis has been de­
veloped# Flavonol (3-hydrexyflavone) (1) was found by 
Alford and co-workers to give a very sensitive fluores­
cence reaction with zirconium and the reagent was applied 
to the determination of zirconium In glass sands, clays, 
and refractories# Only hafnium and to a lesser extent 
aluminum fluoresce In *21 but iron and large concen­
trations of other element a may quench the fluorescence of 
slreonlum* Miorogriutt mounts of slreonlum may be deter­
mined after the separation of zirconium from aluminum with 
sodium hydroxide and the removal of other possible inter­
fering elements by electrolysis in a Melaven cell. Morin 
(25) and. 8-hydroxyquinollne (25) arc about the only other 
reagents reported to give fluorescent complexes with zir­
conium but no quantitative methods have been developed with 
these reagents*
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mjhcszin amp its 
mkurncAL application

The difficulty of obtaining pur# queroetin 
(3,3* *4* »&t7«sM»nt«ĥ <̂ ox3rflair0SMi) in the past has been a 
s#rious limitation to the study end us# of qucrcetin as an 
analytical reagent. Today numerous ©hernias! distributors 
©an supply queroetin of su©h excellent quality that it re­
quires no additional purification. Bar liar workers haw# 
reported on the absorption spectrum of queroetin which ©an 
be used for its characterisation (87) (88) (63). More re­
cent data on the absorption spectrum of queroetin are given 
by Cage and ©©-workers (28)» who also describe a mot hod for 
the purification and quantitative estimation of micro 
amounts of queroetin by paper partition ©hr ©matography* 
lee and Wander (34) have published a method for the separ­
ation of milligram mounts of closely related flavonol© 
compounds by adsorption onto magmas©! fro® anhydrous ace­
tone solution, and elution with a solution of ethyl ace­
tate saturated with water* la a private econaasnlcation 
Vender has disclosed that the method ha# been extended to 
the purification of gram ©Mounts of commercial queroetin, 
Crude queroetin ©an be prepared from Lemon Flavin a©cording 
to the general directions given by Morrow and Sandatrom 
(50).

The analytical applications of - queroetin have 
been few In number* Sooals (3$) used queroetin for the 
detection of iron and uranlt̂ i by the spot test technique*
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Davydov and Bevekki (16) used que.ro®tin far the fluori- 
metric determination of a few ml or® grama of aluminum in 
solutions buffered at pH of 4#&* Willard and Horton (SI) 
studied a number of reagenta as possible indicators for 
detecting the end point in the titration of fluoride with 
thorium nitrate* Morin and queroetin were found to be the 
best fluorescent indicators# A procedure for the photo* 
fluorometric titration of fluoride with queroetin as the 
fluorescent indicator is also described by the same writers 
(S2)« In general, the same ions interfere In this photo** 
fluorooetrio method as in the visual Alizarin Bed S method# 
fomlcek and Xioleesk (73) have used queroetin for gravimet­
ric estimation of niobium and tantalum* Queroetin forms a 
red precipitate with niobium and an orange precipitate with 
tantalum in strongly acid solutions#



INVBSriOATIOH OP OROA&XG HfcAC-EMTSFOR THE DETECT I OH OP ZXBCOMZUM
The Initial part of this research was con corned 

with the Investigation of various organic compounds in 
search of a colorimetric or fluorlmefcric reagent for air* 
conim# In the course of this study over one hundred com­
pounds were examined* A number of compounds ere reported' 
In the literature to give reactions with slreonlum# These 
sad their related compounds were tested first* Other ocsa* 
pounds' having different hut characteristic structural and 
functional groups were then examined* When a reaction was 
obtained other compounds with the same reactive atomic 
groupings were studied in an attest to improve on the 
results given by the parent compound* Several of these 
compounds were prepared specially by commercial firms and 
by the University of Maryland. The compounds tested are 
listed, In fable 1* These include mono&so and disa&o dyes, 
mthraquinones* quinones* quinolines* oxlmes* aromatic 
hydrexy*ketones* and various other eenpounyds of interest* 

Each compound was tested at 5 pH levels* The 
slreonlum solution* 1 ml. m 2 * ZrOg* was prepared daily 
from a stronger stock solution by dilution with water.
The stock solution was prepared by dissolving aircony1 
nitrate in hot (1 4 1) and diluting with water to form
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a (1 4 49) HOI solution containing 1*0 mg* ZrQ% per ml*
The reagent was dissolved in water when possible, other* 
wise an alcoholic solution was used* In each ease the 
concentration of the reagent was approximately 0*1^* The 
alroonlum solution was added first* followed by the neces­
sary reagents to give the desired acidity and then by the 
organic reagent solution* The final volume was always ad­
justed to 10 mi* in 30 ml* Pyrox teat tubes* Usually 0*3 
ml* of reagent solution was used although this was varied 
in the case of dyes when the resulting solution was too 
lightly or too deeply colored* Beagent blanks were run. 
for each test condition* These were compared with the ap­
propriate slreonlum test solutions to establish whether or 
not a color or fluorescent reaction had occurred* hong 
wave ultraviolet light (36301) was used to excite the flu­
orescence and observations were made In a view box* In 
order to attain the pH desired the specif led amounts of the 
reagents indicated below were added in the test solution*! 

1. m  1 * 0.15 ntu (14 4) l%304
2* pH X % 0*45 ml* (14 4) BOX
3* pH 2,9! 0*50 ml* (1-4 9) acetic acid
4. pH 4*7* Buffered! 0*2 ml, of a solution 

11 in HaOAc and XM in BOA#
3* pH 11 s 1 ml. of a solution containing

10 g* %O0^ mad 5 g* 11*2304 per 100 ml*
6* pH 13 I 1 ml. of 2*51 HaQH
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Sulfuric acid was used in one of the teat solu­
tions in order to determine the effect of sulfate on the 
reaction# The mixed earbonate-eulfate solution was In­
cluded because sirconlum was found to be soluble in this 
medium*

Several compounds -gave fluorescent tests with 
slreonlum in acid medium* Benmoyl c&rbinol was the only 
reagent that reacted in alkaline solution* a slight flu­
orescence being obtained with slreonlum from carbonate- 
sulfate medium* Kesaaetophenone, 2, 4-dihy dr ©xybensaldehyde, 
a-hydraa^aoctophenone, 2-car boxy-2 »-hydroxy-31 -me thylbenso- 
phenone each gave a greenish blue fluorescence in acid media 
which was more intense at pit values of 3 to 5* The sensi­
tivities of the reactions were not as high as were sought 
and the compounds were not studied further* These com-

OK JfOpounds all contain the grouping < ~ and this may b©
of theoretical import snoe in regard to slreonlum specif laity* 
It is interesting to note that 2,4 dlhydroxybenaoio acid did 
not give a fluorescent reaction with slreonlum. The car­
bonyl group in this compound is not free to react, probably 
because of resonance effects*

8-EydroxyqulnoIln© gave © fluorescent reaction in 
acetic acid and buffered solutions* Queroetin and morln 
gave a green fluorescence with slreonlum at acidities 
greater than 0*11? but the sensitivity for queroetin Is too 
low to be of analytical importance* The fluorescence with 
xaarln was very sensitive, especially in 2N HCl and
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0*5B %S04, Chrome Fast Garnet HF gave a good red fluor­
escence, especially In Q*5H HOI and in 0*11? HgS04* Caleo- 
dur Ql* Cone, gave best fluorescence in buffered acetate 
solution but the intensity was less than that given by 
either morin or Chrome Fast Garnet HF*

Humorous compounds gave color reactions with sir- 
con! urn in the various acid test conditions but none reacted 
in alkaline medium* The following anthraqulnon©u produced 
color compounds with slreonlum* Quini sarin, anthrarufin, 
ohrysasln, sodium all sarin sulfonate, purpurin, quln&li- 
sarin, and qulnlsarin~2~aulfcmle acid* All were about a® 
sensitive toward slreonlum as sodium all sarin sulfonate 
with the possible exception of quin&lisarin which was 
slightly more sensitive* Among the other anthraquinones 
that reacted it la doubtful whether any would be much of 
an improvement over the all sarin sulfonate* The other 
anthr aqulnones* Table 1, gave no reaction, although sir- 
eonlum caused a decrease in the intensity of the original 
color of several of these dyes*

The following monoaso dyes reacted* Lithosol 
Claret B, 2^hydro3cy-3t5^dinitrobensene--aso**p**eresol> Chrome 
Fast Garnet ft, Alisarine Black# Pontacyl Fast lied Extra 
Cone*# Comae,id Fast Bed A, FD & C Red Ho* 2, 2«hydroxy«»3,5- 
dinitrobensene-aso-p-nltrophenol, 2-hydroxy-3, 5-dialtrobon- 
zene-asEo-p-cr@sol, 2~hydroxy-3,5-dini trobensene-aso-bet a~ 
naphthol, and 2-hydroxy~5~nltrobensene~aso-beta-naphthol*
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Allsarin* Black tad Chrome Fast Garnet It ap­
peared to be the moat sensitive of the reagents in this 
group and possibly could be usePul analytical reagents for
siroonlu&u

Caloodur Orange Oh Gone# and Allmarine Black SAB
were the only dissso dyes giving color testa with sire©- 
nium* The sensitivity of each of these dye a was best in 
buffered solution but too low to be of value#

GalXeim* gill coy amine* hemab«yl£nf aurlntri* 
earboasylli© acid* qnercctlTi, and morin were the- only other 
reagents to give color reactions with slreonlum# The re­
actions with gall©in and galleeyanin* were best at lower 
acidities (pH 3—5) while those for morin and queroetin 
were better at higher acidities {0*11 for HgSO^ and 0*11 
to 11 for HOI) * Queroetin appeared to be the most sensi­
tive of all the reagents tested*

At the conclusion of this preliminary work, the 
search for a si.rco.nim reagent narrowed down be the fol­
lowing* morin by fluorescence or color| Chrome Fast 
Garnet Rj Allsarin* Blacks and quercetln by color* After 
'further studies on these reagents it was decided to con­
centrate on queroetin m  a colorimetric reagent for sir- 
senium* Queroetin la the only reagent combining the most 
desirable properties for a colorimetric reagent* Hi#* 
sensitivity* a nearly colorless blank* stable color over 
a wide acidity range* and availability in a pure state*
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Table 1
Compounds Tested for Zirconiiim Reactivity

Color
Index Name Formula

2
a-Nitroso-
(5-Naphthol '*V

C O

21
i Dupont 
; Chrysoidene R
!

n — n  n h 2.,h c i

22
F D and C 

Yellow No. 3

it*6

24 Oil Orange 70 7 8V
_  t
0-A^ = A/-0

1 Croceine 
26 | Orange Y Cone.

°tQ - v * / v - O

1|
27 |Dupont Orange G

t

0*
0 ~ a/=a/-?3

i i
29 Fast Fuchsine G O ' - "

SOjMq

30 D and C Red 
No. 33

SÔ AJq

31
Pontacyl Carmine 
2 G Cone. 150^

0* a/HCOCĤ

o - " * - £ x i
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Table 1 (Gont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

35
Brilliant 
Lake Red N

%

*ii[

0
4o

PontachT’ome 
Yellow 3RN

,COOH
noz -<3 — * - 0 0H

44
p-nitrobenzene-

azo-6-napbthol

0H
^ - 0 - A / s N

53
Pontacyl 

Violet 4BSN

OH OH 

SOjHa £03*0

68
Hiltonil Past 

Scarlet G Base

*li
<•>t

x
,*

69 D and C Red No. 35

A/0̂ OH
-v= " ' ' Q

73
Brilliant Oil 
Scarlet B Cone.

ch2 0*

CH3 - 0 - * =  v ~ Q

79 Calcocid Scarlet 
2R

OH SOjNct
chj-0 - * =  A/-rj

— * SOs A/o

8o P D and C Red No.l
CH3 0hi JO, Haf J \_s **
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

88 Lithosol Claret B
0* ,S03 Ha

O - ' — Q

N‘—  ̂ ^  SO^Na

90
Pontacyl Violet 
6 r  Cone. 150$

OH OH

C O .
t v  J O j'/x  S03 U a

104 2 -hydroxy“5 * 5~dinitrobenzene-azo-
p-cresol

HO* ° H  OH  

' Q _ ^  = V _ Q  
m o '  " c h 3

118
Hiltosal Past 

Scarlet R Salt

OCH3 o h

p - « - - « - o  ;
N 0Z

148 Tropaeoline 0
s ° H

H O - ( ^ )  - A/ - /V - <^) - AG

151 D and C Orange N 0 0 4

■
OH

3 ^ - 0 - * =

153 Azo Fuchsine GA
OH O H

SO^Ha

165
Lithosol 

Rubine B Powder
SOj Hq  o h  c o o h

c h 3 - 0 - M ^ - Q

165 D and C Red No. 8
't*3

503 H \ - J
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

167 Calchochrome 
Brown 2R

ort "H*y \
- A/ =  N -  •(2>✓S03#a

168
Chrome 

Fast Garnet R
,0H |
N' N— { 3 -OH ] 

SÔNa j

169
Superchrome 
Violet B

,0H 0H  |Q -  A / -  Q  
603/Jcl W

170 Diamond Black
OH O H  j P ' - V , * -  Q Q  ]  

S0̂ a- O H  !

172 Alizarine Black 0 - A f ^ - O
SÔtla. VV

176
Pontacyl Fast 

Red Extra Cone.

O HV  =  / V - g

177 Comaeid Fast Red A
oti

Q ~ " = " - G
O

179
Calcocid 

Rubine XX Cone.

OH
^ - Q - ^ - C O

180 

....... .

Calcochrome 
Blue F4B

OH
n - Q Q

S O j / Z o .  j
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

183
Calcocid 

Scarlet 4RN
°\

O

184 P D and C Red No.2
0Hs sSOjAtt.

scyk.ry-rt* v - q

185
Comacid Brilliant Scarlet 3R

OH

O "SÔ a/o,

189 D and C Red No. 11

OH S03H

Q - " - v - 0 0

20 1
Superchrome 

Blue B Extra Cone.
.on on

so3Ak a/=a/~ 1 3 3

202
Pontachrome 
Blue Black R

y0H OH 
SOjMi /V - g

20 8
Pontacyl 

Fast Blue R
Q - v ^ v - Q - a/z/ . Q
Q - o «

S03 No,

2 0 9
Calcocid W o o l 
Blue B Cone. {_}-Sa3/Ja.

SOjMt

214
Barium- 

Salt of Red Lake D
,C00H OH
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

216 Pontachrome Red B
(00 fa °* S O ^

O '

225 Calcomine Brilliant 
Pink SX Double Cone

s o / *  OH |

• 1 
SÔ At'a.

234 Calcocid Brown Y
CH3

= n - Q - ch3

OH

275
Caleocid Milling 
Red 3R Conco

° \

336 Alizarine Black SEA
. 50* A/a, .

s A  oli
/ A - z V r V - k J - A  

, 0  OH O

376 Direct Rubine Cone.
OH HHj,

8 : : A 0 0 " " " - (Y
SÔ Afa.

394 Erie Violet 3R Q - ^ - ( X ) - v - Q
H ° - \ >SÔ t/cC SOjAfet.

420 j
!
Erie Fast Brown 3KB

OH

H O -Q y -M -H  - ( y y - N = M -  Q Q '  
Cooa/u S03Hcl

1
640 1*F D and C Yellow No. 5

COO/Ja.

'*r1 ’ ' y - t y - s o s * * .
- C

OH
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Table 1 (Cont*)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

653
Calcodur Orange 

GL. Cone.
dp- C00t*o_

OH

p-nitrobenzene-
azo-orcinol

OH
\

A/Oz

ch3

p-nitrobenzene-
azo-resorcinol

OH

2-hydroxy~3,5-
dinitrobenzene-azo-
p-nitrophenol

h!0z qH OH\ s \
0 - * s * ' 0

NOx

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

a-naphthol
p - A'=A/- 0 - J
A/0*

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

OH OH

0 - ^ N ~ C O

2-hydroxy-5-sodium 
sulfonatebenzene- 
azo-a-naphthol p -^-00

SOyNa.

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

NOl ,0*

2-hydroxy-5-nitro­
benzene -azo-p - 

naphthol
y 0H 0*

p - ^ =v - 0
/v4 V V
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Table 1 (Cont,)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

781 Gallein
OH OH

{JCOO*

801
Quinoline 

Yellow Cone. C O ^ - C O
it
0

883 Gallocyanine

COOH

o ' N * o
OH

1027 Alizarin

0  OH

n
0

1028 Quinizarin
0 OH

o:I;<3u 1 
0  OH

1029 Anthrarufin
0  OH

O ' t o
OH »

1030 Chrysazin
OH 0  O H  / ” .
C C O

it
0

103^
Sodium 

Alizarin Sulfonate
0  OH

O ' ^ O ' 014
9,' sos**-
0

1037 Purpurin
0 OH

o t o ° "
£ o h



Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

1045 Quinalizarin
OH 0  OH

o : ‘c : q ' oh

OH %

1053 Alizarine Blue WSA
m l  o  o h

* IIOH q

1054 Alizarine Blue SAP 
Cone .

HHZ 0 OH

Q t O ' 503"

0 »  £ NHjl

1073
Hastings Light 

Past Violet IRS

0  OH

o : ‘< ; 6  > ° r  „

io8b
Du Pont Alizarine 
Blue Black B 0 '^<^)-S03Va.

1106
Ponsol. Blue RP 
Triple Powder 0 : ' W ' O0 * 0 ' c , P

1115
Cibanone Blue 
GL. Powder a f x # *

8 ^:6:;:oC/ fc*Y>

ll8o F D and C Blue No.2

0  0

S02>tieL \ , C  SO-^

H H

1217
Algol Orange 
RFA Powder

o  0

( X " c , c A ^ 0
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

1232 Morin " ’ ' O O : ' 0 ' 0'
OH '0

1233 Quercetin
$

° X y °  ) - 0 -^
o x " l  'OH

1246 Hematoxylin
03 O-CW

U
OH

1 O QH
1 ^ 

Quinizarin-2 - C 0 ' C N sulfonic acid C O "c! h 1 j1 O OH

j n NHX1 - Amin 0-ant hra- 
quinone 1 •*1 0

1-Amino-=4-hydroxy 
anthraquinone

°  HHZ

cc;x>
O OH

1- Ami n o -2-me t hy1~ 
anthraquinone

?. *»z

c C a crt3
a
0

5-hydroxy-1,4- 
naphthoquinone co• ‘i

OH 0

2-Amino-l,4-
naphthoquinone it

0
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Table 1 ( Cont. )
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

Carminic acid
" f* 9

HO'' i f i i 
COGH 0 OH

Phthiocol ofx
7, OH  0

2-Hydroxyquinoline CQ-„
8-Aminoquinoline CO

NHZ

8-Hydroxyquinoline CO
OH

Kynurenic a c i d c6d.

g3

I
Kynurenine sulfate

0
s~^.~i-CHZ’ CHNHx -CQOH

11
1
Isatin j

O
1 

>1 
/\\ 
/ 
o

Nitrosoresoreinol
HO

0 ' 0rt
O H
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

2“4-dihydroxy- 
benzoic a d d

COOH

i
OH

Resacetophenone
COCH3

a oH
OH

2,4-dihydroxy- 
benzaldehyde

CHO

Q " ° “
OH

o-Hydroxyaceto-
phenone

COCH±

C r 0M

5-Carboxy- 2*hydroxy 
5 1-methylbenzo- 

phenone
0 - - 0

Benzoyl carbinol
O on

o - l - r

Benzoyl acetone ^  0 0

a-Iso-nitroso-
propio-phenone O " «~ ^^  0 tioH

a-Ben z ilmc n oxime O ' * " • '  0^  NOH 0
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Table 1 (Cont.)
Compounds Tested for Zirconium Reactivity

Color
Index Name Formula

a-Benzoinoxime 0 ' » " V 0ASM OH

2 ,5-Dihydroxy- 
quinoxaline O

P-Methyl 
Umbelliferone

0 ' ° v °
cH3

Aurintricarboxylllc
acid

ho-Q-c = Q - o
rS 'co°*n C0O#
OH

l-Amino-8-naphthol~ 
5,6-disulfonic acid

OH HH*t / 2
- C O , „ „

1,8-Di hydroxy- 
naphthalene-5>6- disulfonic acid

OH OH

SOtP^"SDtH

...
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FACTORS AFFECTIKG THE ZXHCOKXtJISwQUEHCETI*f COLOK SYSTEM
Yarious factors affecting the alroonlum-quereetln 

color system were stifle,& to establish optimum working con-' 
dltions# Preliminary experiments Indicated that a cor tain 
amount of alcohol m m  necessary to provent the precipita­
tion of qusreetin and this variable was included in the 
study* In the experimente# the solutions were always made 
to a total volume of 25 ml* The order of addition of the 
reagents was always the same* The slreonlua solution was 
added first, acid second, alcohol third, and an alcoholic 
solution of quorcetin last* Optical densities were deter­
mined with & Beckman Spectrophotometer, Model DU, using one 
centimeter cells and distilled water as reference solution* 
The slit width was always 0*05 mm* except for the spectral 
transmittanoy data below 420 mp where 0*1 mm* was used*

The spectral transmittancy data for the reagent 
blank and SO mierogroma of SrOg are given in Fig.* 1* The 
.solutions used were 0.5H in H€1 mad contained 3 mg* of 
quercetin and 8 ml* of alcohol* Tho optimum wave length 
was taken a® 440 mp because here the absorption given by 
the blank Is small and that by zirconium still large* In 
the work that follows, all optical densities were measured 
at 440 mp*

Fig* 2 Illustrates the effect of alcohol concen­
tration on the optical density of 54*4 * ErOg* The solu­
tions were 0*81 in HC1 and contained 8 mg* of quercetin*



a®

The o f t lM l  d en sity  I t lo m io i  s lig h tly  w ife  inareaae In  s i -

efeol eonoemtrailcin#
A preeipltfttw of ^uereetl®. waa obtained almost

iWMedlateljr frea solutlona eontainlng lea® than 6 ml* or 
alecftualf wife © ml* of alcohol i«a quereetln precipitated 
after ton hours* it is deelrable to keep fee alaohol con­
centration to a mlxslmm because of too smaller soluhi 11 ty 
of salts in alcoholics media* For this ro&aon, 1 ml* of al­
cohol In as ml* of solution was taken as optimum and main­
tained In work*

- The of feet of mold concentration on the elroonlum- 
qwereetlxi color system is Illustrated in Fig* 3* Each 85 
ml* of solution contained 54*4 ̂  &rOg* S tad* of alcohol* 3 
sag* 'Of q^oreetlii and different amounts of l^drocdilwlo sold* 
The soXm* la aluost i*wlepe»&ent of sold sonoentr ablest In 
the reglea £mm Q+tM to HE*' ' The deaaaltqr of' the e-dafseitb 
blank iuoreaeea slight!y wife iM&eeae in acidity while a 
alight Increase and than dserease In density la noted for 
fee alreonlux* solution* the ragout blank txiereMM sharply 
in density for sold eefteeutratioxi* shove 1® and. reaches m 
value of m m r  0*i density unit® at 31* On the basis of the 
foregoing the optimum acidity was taken m  0*31*

The reaction can also be serried out in nitric or 
perchloric ml4 solution aa comparable data are obtained* 
%drofelorlo acid le preferable to perehlerle acid because 
of t!i® greater stability of slreostluai In hydrochloric mold 
solution (14)* For example It wee found that standard
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perchloric acid solutions of slrccmltt&i ̂ los#®1 strength 
rapidly if the acid concentration is below £0^ by volume. 
Hltric acid is inferior to hydrochloric acid because of its 
tendency to oxidise quercotln# This effect is serious at 
elevated temperatures for solutions of greater acidity than 
0*611* The sensitivity of the ©Ireonium-quereetin color sys­
tem is greatly diminished in sulfuric acid medium probably 
because of the eomplexlng action of sulfate with aireonium* 

The data in Fig* 4 and Tables £ and 3 were ob­
tained by keeping the aslrconlura concentration fixed at two 
levels (20 ** and 54*4 ̂  SrOg) and varying quersatin concen­
tration in each series* The densities shown are corrected 
for the densities of blanks containing the same amounts of 
qusroetin* Threw mg* of queroetln for 25 ml* of solution 
was taken as the optimum concentration of queroetin* In 
Fig* 5 and Tables 4 and 6 the queroetln concentration was 
kept fixed at two level© (150 ̂ and 300 ̂  of queroetln) and 
the sirconiuw concentration was varied* This same general 
procedure was used in obtaining the data for Fig. 0 and 
Table 0 except that the quereetin was maintained constant 
at 3 mg* Interpretation of the nature of these curves is 
given later*

Bata for the working curve are given In Pig. ? 
and Table 7* These data were obtained using the optimum 
conditions previously established# The solutions wore 0#5H 
in BOX and contained 8 ml# of alcohol* and 3 mg* of querce- 
tin in a total volume of 25 ml. A straight line relationship
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between opt! eal density and mierograjas of ZrGg la shown up 
to 60 miorograms of ZrQg* Solutions containing from ©0 to 
ISO mlsregrams of ZrOg deviated slightly from tbs Beer- 
bambert-louguer Law but their optical densities are r@pro­
ducible * fha region from. 0 to 10 micrograms of 2r0g was 
sauttRix&sd in great detail for any deviation fro®, the straight 
line relationship hut none was found*

the solutions, containing up to ISO V 2r%* were 
allowed to stand for 24 hours after which time the densities 
were redetermined# the maximum change in density was found 
to be 0.003* fhe sensitivity of the *1rconium^queroetin 
color reaction Is 0*004 X &rOg/cm£*
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fable 2
Sffaet ®£ Quereefcln ConMS&ratioa 

(Zlreaoluni fixed at 0*165 microgram mol 2r0g)
SJESm p w ESS

0*0526 0.200
0*0650 0*400
0*0078 0.800
0*150 0*800
0.165 1.00
0.196 1.20
O.ttt 1.40
0.061 1.60
0.526 2.00
0.652 4.00
1.30 8.00
1.96 12.00
3.26 20.0
6.52 40.0
9.78 @0.0

iPTSiELftasiAltsr Banalt?
0.008 o.oos
0.018 0*018
0*088 0.028
0.054 0.034
0.040 0.042
0*051 0*051
0*057 0.067
0*062 0.062
0.069 0.068
0*098 0.096
0*136 0.131
0.158 0.151
0.184 0.178
0.219 0.195
0.242 0.206
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T&blm 3
Effect of Quaroetln Concentration

(Zirconium fixed at 0*442 mi arogram mol Sr%)
Q.uape*tln
r  Mol a Mol ftatlo . . Q/S» Optical 'Smvmi tad 

ThmmXtY

0*0060 0*217 0*04® 0,048
0,102 0.434 0*096 0*096
0*288 0.051 0*144 0.144
0*084 0,870 0.176 0.176
0.470 1.06 0*207 0.207
0*876 1.30 0.233 0.233
0.768 1.74 0*276 0*278
0*960 2*17 0.302 0.302
1*18 2,01 0.324 0.323
2.30 5.22 0*417 0.409
3.84 8.70 0.47® 0.400
7,6® 17*4 0.840 0.828

11,3 26.1 0,898 0.594
17.8 30.2 0,638 0.575
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fable 4
KfTaot of Sirconiua Concentration 

(Qmreatixi fixe€. at 0*49? mlorograst mol)
HaSiowiiet̂ti.flieMewtiNWMnweAaieiis

f M o l S .... QjZr Pamai&r
0.0441 U.8 0*00®
0*0883 S. 63 0*057
0.114 4.36 0*070
0*146 . S. 43 0*007
o.rTf 2.81 0*106
0.221 2.25 0*180
0.266 1.80 0*148
0.300 1.81 0.170
0.364 1.40 0.18®
0.306 1.25 0*808
0.442 1.13 0*020
0.617 0.005 0*261
0.883 0.563 0.283
1.33 0.375 0*298
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Table 5
S&faot ef ZlTooniim 0 quo anbr at ion 

In fixed at 0*994 micregraa mol) 
HG35 * ioI'lStio
y* Mela Q f % & ... ___ D*iuitt3r
0*0441 22*5 0.038
Q*0S83 11*2 0*066
0*177 5*61 0.134
0*265 9*70 0.198
0*354 2. St 0.847
0.442 2.25 0.308
0*529 1.88 0.367
0*517 1.61 0*388
0*794 1.86 0.472
0*969 1*03 0.523
1*15 0.867 0.SS2
lilt 0.780 ■0.378
1*50 0.663 0.688
1*77 0*562; 0.596



fable 6
Bffeeb of Zirconium Conoentrati on 

(Quarcatin. fixed at 9*94 micrograin mol a)
SorreetedRatio Optical

o.osi 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 0.48O 0.417
0.406 24.8 0.845 0.512
0* 407 20.4 0.644 0.811
0.526 18.9 0.892 0.632
0* 367 17.8 0.740 0.707
0.600 16*3 0.77S 0.743
0.609 14.4 0.870 0.837
0.770 12.9 0.975 0.942
0.812 12.2 1.010 0.277
1. 016 2. SO 1.220 1.187
1.216 ©.18 1*430 1.397



Table 7

0.00 0,055
0.80 0,035
0.50 0.057
1.00 0,046
2.00 0.057
5.00 0.064
4.00 0.078
5.00 0.090
10.00 0.137
20.00 0.840
SO. 00 0.547
40.00 0.450
50.00 0.846
80.00 0.644
65,00 0*698
TO. 00 0.740
78.00 0,778
85.00 0.870
06.00 0.978

100.0 1.010
125,0 1.220
150.0 1.430
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THEORETICAL ANALYSIS OF THE £IRC OKIbM-QUEH GETIK REACTI0W
The relationship between optleal denaity and mol 

ratio of quercetin to zirconium, ,Curves X and 2, Fig# 4# la 
linear up to a sol ratio of Xtl# At ratios where the molar 
concentration of the quercetin is greater than that of the 
sireonlnm the optical density increases in a non-linear 
fashion with increase in quercetin (zirconium, concentration 
fixed) and reaches a nearly constant value for vary high 
mol ratios*

Thar© arc three possible explanations for the na­
ture of the curves plotted from these data* The first 
explanation la based on the hypothesis that two zirconium- 
quercetin complexes can coexist in the solutions# The 
second explanation is based on the hypothesis that only a 
111 complex is Involved and the equilibrium allows xiree- 
nium# quercetin and the complex to coexist In various so­
lutions* The third, explanation Is based on the hypothesis 
that only a 2*1 complex Is formed and the equi.llbrium in­
volved allows zirconium* quercetin and the 2*1 complex to 
coexist in various solutions* These hypotheses are now to 
be tested#

Hypothesis It Two zirconium complexes may aoexist 
In the dilute regions it is reasonable to assume that the 
zirconium fora# only the 111 complex* The fraction of the 
zirconium present in the form of 111 complex in these di­
lute solutions would depend on the equilibrium Involved*
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Am the quereetin eoneentr&tlon Is Increased {sireonlum con­
centration fixed) & greater fraction of the slreonlum forms 
the 1*1 complex* As the quereetin concentration la Increased 
still further a point Is reached ehere nearly all the sirco- 
alum Is In the fora of h i  complex and the 2*1 complex makes 
Its appearan#©* the relative amount of the 8s 1 complex In­
creases as more quercotin Is added until all the siroonlUBi 
is present in the fora of Mil complex* At this point the 
density of the solution should remain constant unless a 
third complex is formed with still mere quereetin* The 
curve*' of Fig# 4 show little - evidence of a third complex# 

in order to test these, hypotheses it may. be 
profitable to ©aloulate the extinction coefficient of the 
alroanium-queree&lm complex from Curve® 1 and 2, Fig# 4# in 
the region up to and including mol ratios of It Is 

F p «  Onrv© 1
ZrOfc fixed at 54#4 ¥

Original cone* of ZrOg « 1*77 x 10~s moles/liter 
Density at 1*1 « 0*205
Assuming all Zr in fora of Zr-quercetin complex 

UrQ)
Cono. of ZrSi s 1.77 * 10"5
d - k^cl 1 — 1 cm#
H : ! :    Jk»QS. * 11,500

cl 1*77 x 10-5
From Curve 2

ZrOg fixed at 20*0 ¥
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Original none* or ZrQg $ 0»6S x 10~® moles/llter
Density at Itl - 0*048
Cana* of Zrn m 0*65 at 10**® »ols s/liter
k^ jg i j 0*048 — 6,500

o 0.05 x 10-5
The differing value a of k can Is# taken as indi­

cation that the airconiuai-queroctln complex la unstable 
and that rnaa action affects determine the proportion of
the total slrooniuni that ©an be present In th@ fora of 1*1
sir eonlum-querce t i n complex*

The equilibria Involved for the 1*1 complex and 
the 2*1 complex follow:

For the 1*1 complex
B* 4 8rOCl<t s ZrQ4** 4 d  4 OK

(Cl) iW) = Xx 
(H*) ( ZrOClQ)

(B̂ ) * (CX) sine* HC1 is la great exeess
Thus tfleQ* * ) i m i  s %(ZrOClft)
Or using simplified, notation

Url?* * Kl
For the 8*1 ©implex

ZrOQg 4 2H* * ZrO*+ 4 2<3H
izgg.fi.) tap* z(ZrQ%) (H+)s
At constant (H+) this reduce* to
■USgfl**). (Qg)g * Eg where Kg » k4 (Z*)2

{ SrOQg )
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Or using simplified notation 
L|rl (saa m %

For both complex©s coexisting In equilibrium
t&rft) m  m Kg * It (1 )

(Zr%) %
The first bgrpothMlS’ is to bo tested by calcu­

lating k for various test solutions In which both complexes 
coexist and noting If those values are reasonably constant# 
it is assumed that in solutions where both complex©a co­
exist the concentration of uneoiablaed slrconlm is negli­
gible and that mo complexes of sireoniuni other than the 
quereetin complexes are formed.

For the calculations the values of the extinc­
tion coefficients of Er£| and 2rQg are required* It Is 
reasonable to assume that if the quereetin concentration is 
kept constant and the xirconium concentration is made in­
finitely large* the quereetin should be used up completely 
to for® the 111 complex* The## conditions would be obtained 
if the curves in Fig* 5 {quereetin concentration fixed) were 
extrapolated to aero mol ratio* The densities thus obtained 
could be used to calculate the extinction coefficient of the 
pure Itl complex ZrQ* For Curve $ the extrapolated density 
equals 0*700* The concentration of the pure complex Is 
equal to the- original concentration of quereetin*

thus (ZrCl) * 3.98 x 10~5 moles/liter
ki*l : i : ___ 2x220_____ - i7,6ooCl 3*98 x 10 & x 1



Tha &mm valum of &x*l is obtained if Curv® 4 Is used#
Th# extinction ©©efficient of th# 2il complex 

could be calculated if Curves 1 and 2# Fig* 4f war# extrap­
olated to infinite nol ratio- of quereetin to airconlum* 
thX* cannot b© don©, but an approximation can b© mad#* For 
Curve 1 the limiting optical density la about 0*684 and 
for Curve 2, 0 *200*

Fro® Curve 1
Original eonc. of 2x*0g * 0*0000177 molea/liter 
If th# 2r is completely in th# form of 2*1

complex ZrQg 
'Jhoa (ZrQs) * 1.77 x 10“® raolos/lifcsr

Fro® Curve 2
*Esi S J10*®00

Average kg ^ - 32,300
It la now poaaibla to teat the hypefekeala by ©aX~ 

aulating k (aquation 1).
From Curv# 1 €

d m 0*402
Original (zr) a 1.77 x 10”® atolao/litar 
Original (0.) • 8.05 x 10“® moles/litar

(2r%y s <XzrQ£
327555



d d*fr.
17,000 
X * CMfc&gr

g 1*77 x IQ4>S

♦
4 d&»r̂4ij|£ *j o#‘dos 

& 0 .170

s *too

a Q.202 s 1.15 * 10“®

} s G.S2 x lO-5
<0.05 - 1,10 - 2 x 0,62J 

TJneomblned (Q) * 6,46 x 10~5 nolesAitor
x 10-5 x 6,46 x 10"s
0,62 x 10"®

k « 1,2 x 1Q~*
for H?«r«X points in Figs. 4»

3 tod 0. fhs results are given In fable $«
The values are seen to be reasonably constant 

tod lend sons weight to the toragoing interpretation#
Curve 4, Fig* 3» could not be used for similar calculations 
since the levels of concentrations used indicated that only 

111 complex could exist in these solutions#



$*bl*
Equilibrium

Mol Eati® Ojrtleal (£*)

Fig* 4, CtlTV# 1 5ll 0*40$ 1*77
A A t« i* 10$ I 0*476 1*77
«t II R tt lit! 0*512 1*77

fig* 4* Cuarve 10$ 1 0*142 0*65
ft ft « « 13*1 0*158 0*65

Fig, 5* O U T V ® 3 5*1 0*151 0*80
it »t » w 10*1 0*0?© 0*40
tt ft t* tt 15*1 0*054 0*27

Fig* 6 10:1 1*16 4*00
* * 20*1 0*620 2*00

"Tim mmmptlmn that no Iona exist in thosesolutions is srldontly not valid, Timm® values wore osnttted 
f r o m  t h m  average*
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a
Conot-anta (I)

(3rQ) (Zs%) &ta*cftnfoi»d

a. as 1.15 0.62 6.46 1.2
17. 7 0.65 1.12 14. 8 a.«6
26.6 0.41 1.16 21.5 0,71
6.5 0.46 0.19 ■ 6.7 1*3
9.75 0.55 0.10 8.8 1.0
5. 98 0.70 0.10 1.1 2.1 1
5.98 0.15 0.04 5.54 3.0 1
5*98 0.22 0.049 5.67 1.6
40.0 0.88 5.12 52.9 0.92
40.0 0.17 1.82 36.2 0.36

4ir® » 1.0 X 10~4
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Before proceeding to the second possible explana- 
felon, It would not be out of place here to calculate the 
values of the equilibrium constants and of the two 
complexes* For a 1*1 complex the extinction coefficient 
value obtained above was 17,600*

Prom Curve 1 # Mol Ratio (ft) m 1IZrF
d s 0.205

(Zrft) » d * 0^205^ m 1.17 x 10*5 nolos/liter

Original (Zr) . 1.77 x 10~5 moles/liter
Oacombined (Zr) s (1.77 - 1.17) x 10*3 »

0.60 x 10**5 mole s/ll ter
Onoomblned (ft) - 0.60 x 10~5 moles/Uter

Kx s 0.60 X IQ*5 x 0.60 x 10*s s 0.31 X 10”5 
1.17 x 10-S

Proa Curve 3 ® (ft) * 1fzrJT
d s 0*622

Ur$) a 0*522 = 2.97 x 10~5 moles/liter17,600
Original (Q) a 3*98 x lO**® molee/llter
TJncombined (d) 9 1*01 x 10**® mole s/ll ter
Unaoaablned (2r) s 1*01 x 10*5 moles/llter

%  s  u i d  s 0*34 x 10-5
2*97 x 1Q~5
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Fro® Our to 4 <® iSJLffr)
41 #858

(ZrQ) s 0.282 « 1.52 x lO*8 »ol«a/llt«r• w
Original {££) « 1*99 x 1CT5
Pneoafelncd (Q) « 0*67 x 1 0 “ 5
Uricomblnod (Er) * 0*67 x 10m®

%  5 Q-»-ftT .x icr5 X. 0#67- * 0*34 * io-»
1*38 X icrs

Avar ago 1% « x 10**̂

file equilibrium const ant jc| for the 8s 1 complex
may be evaluated from the relationship® %  g k, and

1(H*)2
«S 5 **.*1 

(H+)2
%  s 1.0 x IQ"4 x 0.88 x IP’0.5 x 0.5 r 1.3 x 10“®

Hypothaala 2t. Only th* lil slreonlum eoaglgx In
formed* In the second explanation It is assumed that the 
sire oni um^quar cat in complex Is relatively weak and that 
quereetin# slreonium'and complex coexist in the various 
solutions* A further postulate is made that the molar 
ratio of drconium to quereetin in the complex for the 
solutions studied is always 1*1* fha evidence for a 111 
complex is supported by chemical analysis and is discussed 
in a later section*
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Th© constancy of optical density at vary high
mol ratio© is taken to mean'that in these regions th©' sir- 
coniuir, complex is completely in the lil form and th© frac­
tion of th® eomplax pro sent- at small or' mol# ratios may than 
ha oaleulated* Equilibrium constants for th© reaction 
2rQ js Zr 4 Q are then calculated for various solmttoms 
studied* If th© values aro relatively constant th© for©- 
going assumptions may bo considered valid* Curve® 1 and 2, 
Fig* 4| Curves § and 4, Fig* 5f and Fig* .0 are ussd to ob­
tain th© data* 4 sample calculation follows*

1* Extinction Coefficient 
From Curve.1

Original ©one* of lr% a 54*4 ̂ / 2 5  ml,* $ 
0.0000177 molcs/litor 

If Zr is completely In form of complex 
rhea (ZrQ) a 1.77 x 10"5 aoles/lltea 
Optical density - 0*584

W A* I I A
From Curve 0

Original cone* of ZrQg $ 20 */25 2al* » 
0.65 jt 10*® mol ©s/11 ter 

Optical density » '0*200
k s i s   JimSSA x. S 30,800

e 0.65 x 10-®

Average k s 32,300
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2*

fable 0

Equilibrium. Constant 
From Ot»fe X B (a) « 5w r

4 0* 400
(2fe<l) t  CJ 8 d f  0a>4go » 1 .2 4  x 1c W2* § 500

jaol.a/litar 
Original (Zr) • 1.77 x 10“5 raolea/liter
Oneoiablnad (Zr) * (1.77 - 1.24) x 10”s s

0.5S x 10-S mol.s/llt.r
Original (Q) * 8.85 x 10*® raolaa/llter
Onaomblned <<X) « (8.85 - 1.24) x 10*® «

7.61 x 10*® molea/lltar
®1 8 (Zr) (ft) s 0.55 x l<rs .X 7.81 x. 10*.®

1.24 X 10*®

Kx s 3.8 x 10-®

Th® results of the calculations are |i?®a
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Constants (II)
Ori^nil

5

-— rsi— •ffctoooblnftdttasoublnad Constant
HP <**fef X

1.13 1,77 1,1® 2.0
0*33 8.85 7.61 3.2
0.30 17.7 16.2 3.3
0.18 26.6 26.0 2.8
© .62 0.63 0.52 2.1
0.32 3.26 2.92 2,9
0.21 6,6 6.06 2.9
0.16 9.76 9.26 3.0
2*36 3*93 2.36 3.4
0.33 3.98 3.31 2.5
0.163 3.98 3.75 2.2
0.098 3.98 3.31 2.2
1.27 1.99 1.27 2.2
0.20 1.9® 1.79 1.8
0,10 1.99 1.09 1.®
0.3® 40.0 36.4 3.9
0.19 40 37.5 2.8

At# %  a 2.7 * 10**®
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The constancy of Table 9, indicates that there 
Is some substance In the explanation that only a 111 complex 
forms. Chemical analysis also indicates a 1x1 ratio and 
there would be a tendency to accept this idea as being quite 
valid* However, experience In attempting to Isolate the 
complex by solvent extraction (discussed later) gave Incon­
trovertible evidence that in certain instances the solvents 
can strip quereetin from the complex. If the second expla­
nation were valid it would be expected that the value of 
the extinction coefficient calculated for the region where 
slrconium was in considerable excess should be the same as 
that obtained for the region where quereetin was in. con­
siderable excess* This is not the case for in the high 
slrconium end the value of 17,600 was obtained compared 
to 52,300 for the high quereetin end* On the basis of this, 
the first explanation seems more logical*

f e p o . | M . s l s .. A _  QbXsl t h e  , 2 t l _  s l r . c o n i u m ^ , c ^ p I e x . . J L J . .
formed* The equilibrium constant involved in this instance 
is given by

*2,1 * t i y j y y

The extinction coefficient for the 2ii complex Is 
first calculated^

Per Curve 3 the extrapolated density « 0*700 
The cone* of the pure complex is equal to one-half 
the original cone* of quereetin
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Prom Gury© %Curve % # (Q.) » 10*1
t m

A - ,142

• XOtX

(Zr%) s 0.X42 s 0,40 x XO*5 «0l8»/Xit;or35,200
Original (Zr) * 0,65 x XO*5 moXo*/Xitar 
Unoombinad (Zr) a 0,25 x I0“5 moXaa/Xltar 
OrlglnaX (.0.) * 6,5 x XO*5 aoXaa/lltar
trncombinod (d) * 6.5 x XO*5 - 0.6 x XO*5 *

5.7 x XO*5 moles/Xitor

Kgtl - 20 x 10-^0

These three calculations of %ti sufficient to show 
that the third hypothesis is untenable#

especially applicable to the determination of formulae of 
diasoclable complexes»

For the general reaction

the expression .for the equilibrium constant becomes

faking the logarithm of both sides it follows that

If the concentration of one of the ions Is kept constant 
a straight line is obtained by a plot of th# log of the 
optical density, which is proportioned to th# concentra­
tion of the complex, against the logarithm of the concen­
tration of the other ion* the slope of this straight line

Bent and French (7) have described a method

2rm%, a mZr 4 xrfI

log {Zr̂ fl̂ ) z a log (Zr) 4 n log (Q) - log K



m

then gives the value of n or m. la practice th# logarithm 
of th# total concentration of th© Ion Is plotted instead of 
the logarithm of th# equilibrium concentration of th# Ion.
In dilute solution wher® th© colored complex is largely dis­
sociated a straight line is obtained# but deviations will 
occur as soon as an appreciable fraction of the ion is 
present in th# form of the complex*

The data necessary for the method of Bent and 
French are given In fables 2, 4# 10 and 11, This method 
indicates that In th# dilute region the mol ratio of quer- 
oetin to sirconlum in the complex is 111* If dissociation 
is appreciable, It can be shown that the degree of dis­
sociation can be constant only if the limiting slope Is 
unity* Th© degree of dissociation was calculated for each 
of several points in the dilute region (Fig* 4, Curve 2# 
and fable 10)# The values obtained were found to be con­
stant at 63jf, the constancy of Is also Indicated by 
the linear relationship between optical density and total 
concentration of quereetin added (dilute region, Curves 1 
and 2}*
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f&bl# 10
Oat ft for th# Evaluation of th® Formula ot th# Complax
(Zlreonium oonoontration fiacod at 

0*S§ x 10“® mol#ft/liter)

...... l m  A

1.30
................. t.,

-5.000 0.008 -2.097
2.00 -5.585 0.018 -1.745
3*90 -3.409 0.020 -1.555
5.20 -5.284 0.034 -1.469
5.50 -5.187 0.042 -1.377
7.80 -5.108 0.051 -1.292
9.10 -5.041 0.056 -1.252

10.4 -4.983 0.002 -1*808
13*0 -4.886 0.008 -1.167
26*0 -4.585 0.096 -1.018
59*0 -4.284 0*131 —0.8113
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Table 11
Data tpr the Evaluation of th© Formula of th© Complex
(Quaroatin aonaantration, fixed at

1,99 x 1CT5 noles/lltor)
,z*Ogl
xlO^ log (Zi-Ojj) 4 log d
1,77 -5.762 0.026 -1.586
3*54 -5.451 0.057 -1.244
4.56 -6.341 0.072 —1.143
5.80 -5.237 0.087 -1.060
7. OS -5.160 0.106 -0.075
B*m -5.053 0.120 -0.890

10.6 -4.975 0*140 -0. 830
13.4 -4.908 0.170 -0.770
14.2 -4.848 0.188 -0.726
IS. 8 -4.700 0.202 -0.695
17.7 -4.752 0,220 -0.658
84.7 —4.60S 0,261 -0.583
35.3 -4.452 0.283 -0.548
53.0 -4.276 0.298 —0.526
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COMPOSITION or THE ZIE0OMTOM-4OSHC1TX1 COMPLEX
The Isolation of the si r eonlun-quere etin complex 

pro wonted some difficulties because of the high solubility 
of the complex in water and the insolubility in organic 
solvents* The complex was found to be Insoluble in ether, 
n-butyl ether, toluene, tetrelln, carbon tetrachloride, 
chloroform, ethyl acetate, amyl acetate, isoamyl alcohol, 
benzyl alcohol, eyclohexanol, cy clohexanone, p~m©thyl 
cy cl ohexanone and 4-methy!-2-pentanon#« Isolation of the 
complex by solvent extraction was therefore abandoned*

It was found that ether was able to extract 
quereetin from solutions containing about $2% by volume of 
alcohol and 0*61 in H01* This offered a means of Isolating 
the complex by crystallisation from, solutions in which the 
excess quereetin had been removed by extraction* Accord­
ingly, 1O0 ml* of 0*611 161 solution was made containing 
21* 6 sag* ErOg, 267 mg, quereetin, and 02 ml* of alcohol*
Th# mol ratio of quereetin to xiroonins In the solution 
was 6il* the solution was extracted with several 100 ml* 
portion's of ethyl ether until the ether layer remained col­
orless* The aqueous layer was then heated gently at about 
40° € to remove the @bher and th# solution was then allowed 
to cool in a refrigerator overnight. Th# crystals which 
formed were filtered, washed with water and dried under 
vacuum at 70° C in an Ab&erhalden pistol drier. The yield 
of the complex was 11 mg* Robert Meyrowit® of the U* 3,
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Geological Survey analysed the complex for C, 11, Zr, and Cl 
by ml cro-ehemi oal techniques. HI a analysis follows:

Atomic
t 0. Atoms Batlos

0 41.2 3.44 14.6
E 2.8 2.8 11.8
ZrOg 29.1 0.237 1
01 3.1 0.087 0.37

A 1$1 complex is indicated on the basis of the
analysis, The probable formula of the complex is

^ OH
~0H

H20 OHCt

The evidence for a Itl complex Is not conclusive 
however. For example in attempting to isolate the complex 
by solvent extraction it was found that eyclohexanol stripped 
the quereetin completely away from th© Eiroonium. Possibly 
other acts in a similar manner but not to the same extent 
as eyclohexanol.
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T m  Emotions op 
w h s  other

ftearly all of th© elements wore tested to deter­
mine their-behavior with quereetin under the optimum aon- 
411lone used for the elreonlum-quereetln color system* 
Generally the cations were introduced in the fora of chlor­
ide or nitrate salts and the anions in the fora of sodium 
salts* Be agent grad® chemicals were used for the common 
elements while special high purity chemicals (99*@S$ or 
better) were used for the less commonly available elements 
such as hafnium and the rare earths*

E* ah element was tested in the absence of zirco­
nium and at two levels {Ha'ZrOg and 25^Zr%) of zirconium* 
the solutions were always made to B5 .ml.* r&Lmm before 
measuring their optical densities* Elements foruing 
colored ions were tested in the absence of both quereetin 
and zirconium to determine th© extent of the absorption at 
440 mp. produced by the natural color of these ions*. If an 
element gave indications of a color changef different con­
centrations of the element were tested* I1 he data (density 
vs* concentration) were plotted to determine the minimum 
amount of the element which produces no effect* A density 
difference of 0*003 units (equivalent to 0*3 ̂ ZrOg) was 
taken as th© cut off for reporting interference* The ele­
ment© not tested include Frf Ra, Tb, Ho, Hr, fa, X*u, Ac, Fa, 
To, Os, Ir, Fo, At, and the inert gases*

The following cations do not interfere In the
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maximum m m t i  (expressed as oxide®) Indicated*
0*5 g. - Na, K, and HE4
0*2 g* - Kb, 0s, Mg, Ca, Ba, Sr,

Zn, Cdf Kg**, Ag, Pb,
TV*, «aH, and A a W  

0,05 g. - 2a and. It 
0.004 g. - Su,. Tb, Gd,. and Dy

Aeet&t© (0*5 g,) and breed de (0*2 g* 5 lens do not Interfere*
Some element® Interfere by decreasing the color 

intensity given by sireonlum* fhoao element® probably con- 
some are agent or their anion® react .with glrcenium* Some 
elements interfere because of the natural color of their 
ion® in bydrochlorle acid solution# Some elements produce 
unstable colors with quereetin while other elements react 
to increase th® color intensity of the solution* fhe mini­
mum amount of each element that ©an be tolerated and the 
mature of the interference are given In fable 12* It is in­
teresting to note that at low concentrations of sir coal usi 
(§2f2r% per 25 ml*) larger amounts of some interfering ions 
can be tolerated than at higher concentrations (25^2r0g per 
25 ml.) of sirconlua* Serious interference is given by th® 
following ions* Oxalate, fluoride, phosphate, scandium, 
gallium, mereurou* mercury, titanium, hafnium, thorium, 
germanium, tin, vanadium, chromium, molybdenum, tungsten, 
iron, antimony, niobium, tantalum, and the platinum, metals 
tested* ih© only elements that would interfere after a 
potassium hydroxide separation of sireonlum (under oxidising
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conditions) would bo scandium* titanium* hafnium* thorium, 
Iron* and possibly antimony* niobium and tantalum,

Sam® additional observationa sr® to b® noted, 
tungsten* antimony, niobium and tantalum form precipitates 
with quereetin, Sine® quereetin does not precipitate ti­
tanium and sireonlum It may prove a valuable reagent for the 
separation of niobium and tantalum from titanium and sir** 
eonitsa*

The very sensitive color reaction given by tin 
with quereetin should be Investigated for th© colori­
metric determination of tin, Quereetin may also prove 
useful as a colorimetric reagent for fluorine (by quench­
ing of the £r-quero®tin color)* and for hafnium* molybdenum* 
antimony and hexavalent chromium#
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Tabla 12
Maximum Pavmisalbla Amounts of Various Anions and Cations

(Amounts calculated as oxldas unloss otharwisa Indicated)
Max* Amount Max* Amount Compound At S ̂  ZrQg At 25 * 2r0g Matura of

las tod . .loyal.... I*tya 1 Xntarf aran&a?<■
Citric Acid xo mg* sold

Tartaric Aoid 10 mg* sold
(2-114} 2HP04 > 100 * f2o5
HsP 10 rp
h*2so4 15 mg* S03
Li. Cl > 50 mg*
HAuCl* 0*25 mg*
CuClg 5 mg.
Bs(M01 )2 5 mg.
Ca(.M08 }5 20 mg*
3m( 103)5 10 2®g*
£*(*05)3 10 ®g*

M ( m ^ s 25 mg*c
3e(M03)» 20 r
H9BQ3 ■ 8 mg*
A1C13 0*6 mg*
0a(H<^)3 15 r
ln( 103)3 7 mg*
% ho3 150 r
tiClgtOAoJg is r

1 mg* sold Hsgstlvs (1*0. quenches)
1 mg* sold Hsgatlvs
m  r P805 lag&tlva
5 y f Magatlaa
5*5 mg, S03 MagatlTa
16 mg* Hegativa
0*25 mg. Pos* $ coloredion5 mg* Unstable soln.
5 mg* Positive
5 mg* Megatire
10 mg* Toaitir©
10 mg* Pos*, coloredion
25 mg*-' ;P©sitir©
20V Positive
8 mg. Positive
0*6 mg* PositIt®
IS r Positive
7 mg. Positive
150 r Unstable soln*
15 r PositIts
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fable IB (Cont*)
Maximum Permissible Amounts of V&rlous Anions and Cations

(Amounts ealeulated as oxides unloss otherwlm  indiestad)
. Max ̂"Amount ’Tn'T"’r M ^ ’r”Aisount 'Compound At 6 *” £r0g At 26 ̂  ZrOg Mature of

HfOClg 0.7S * 0*75 r Positive
K i(H05)4 40 V 40 er Positive
O0CX4 75 * 75 Positive
SnCl4 0.4 y 0 .4 2T Positive*
sh4vq3 200 y 200 V Unstable soln.
BICIj 5 .nag. 5 mg. Positive
0rCl3 250 r 260 2T Pos*, colored ion
KgCrjOy 1 r0r2o3 X CFgOg Positive
(HH4)6»O7024 0.2 r 0*2 2T Positive
»«2»04 0.5 r 0.5 r Positive
P0CI3 6 y 6 ^ Pos,, unstable soln*
p«(hh4)2(so4)2 50 y 80 2r Pos*, unstable soln*
GoGlg 5 ag. 8 Mg. Poe*, colored ion
Hal S mg. I- 5 Mg* I* Pos., Xo
Ha2HAs04 - 3 mg. Asg% negative
H23e03 > 0,2g 3e0o 50 mg* SaOg Wegatlv®
H2r«o3 10 mg. TeOg 10 mg* TeOg Positive
HiOlg 8 mg* 8 mg. Pos,, colored ion
tJOg(H03)g 3 mg* 3 mg* Positive
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7«bl« 12 «knt.)
P&nni £ filblo 4®yBHZlfcS of Various Antons and Cations

( A m la  smlsulafcsd as sacl4#s m lass #fel»iwis# Indisstsd)

Atf# ^ 2atQ% At m  VirCft

iagi§i%
SbOl^
i % %  la %so4 
Tsg05 la %S04 
%Fd014

%KM3LS

HgftuClg

HgFtCOe

a r
i ar 
« r
60 ̂ Fd

100 v m

$Y 1m

soojrn

€0 ng*

1 ar 
1 ar 
ft 2T
€0 iTW 

loo Ym 
4mm 

0oo r?t

Hsgstivs
F o s l t i i r s
FositlW
fssltlw
Fss«t sslsrsd ima
Foa*. oolorsd ion
toll# # o#lor#d Ion
Fas*.* solorsd ion



r m  c o h m i m m i Q  t m t m m x M m i m . of 
z m c o m m  m  m m s  or qubbcetiii

BXSOT3SI0H OF FHOCBOTEE
In the determination of zirconlim by m m m a  of quer- 

cot in provisions must be mode for the removal of interfering 
ions, especially Iron and titanium which are common constit­
uents in moat naturally occurring matorl ala* Precipitation 
of xiraonlum by mean# of either px* opylar'sonic acid or maud©- 
lie acid would be an effective means of ae ©omplishlng this 
but no carrier for siroonitoa could. be found that would be 
precipitated by these reagents* At this point it seemed 
that the best approach was to find a sirconium reagent which 
would quantitatively precipitate mierosram amounts (5 f toOg) 
of this element without carrier and which would at the same 
time separate zirconium from interfering elements* the re­
agent p—dimethylai^ noasophenylars onie acid offered a means 
of accomplishing this if it were possible to prevent the 
precipitation, of titanium.-with hydrogen peroxide* Prelimi­
nary experiment a Indicated that hydrogen peroxide could not 
bo used because of its rapid and complete oxidation of the 
&so-arsonic acid* Attempt# to prevent the precipitation of 
titanium with the aso-areano dye by employing media of high 
acidity were not completely successful* At the srnio time 
it was observed that the titanium formed no precipitate 
when the solutions were hot, a precipitate being obtained
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only during the e@0li.ng process* Experiment© indicated 
that only a few ml crograms of titanium eopr e o 1 pit a t © d with 
slreonlum if the xlreonlusi precipitate was formed In 
(15485) HC1 solution and th® solution was filtered hot (70 - 
00® 0)* In this manner atlerogrem amount a of slreoniun 
could be separated, from at least 10 mg* ?10g (Sec Experi­
ments, 1 p page 82)# Other elements usually precipitated by 
the axo«a?aono dye were found to bo more soluble under these 
conditions* Of the elements that would interfere seriously 
In the determination of alreonlu® by means of queroe&ln 
only Taf Mb, tod So were found to be precipitated by 
the azo-araono dye in hot (15485) HC1 solution (See Expert* 
raents, 2, page 82) * the amount of scandium precipitated Is 
small and possibly 0*5 mg* SegOg can be tolerated In the so* 
lutlon used for precipitating zirconium* Vimadluat and other 
strong oxidising agents oxidise and destroy the aso-arsenic
-acid mud Should be absent#*

The precipitation of sireonluai In alerogrsm 
amounts by p^dimethylemlnoawephenQrlaraonle acid la very sen*
eltive to fluoride* Even aderogrsm amounts of fluoride Ion 
hinder the precipitation -of zirconium* Fluoride In any 
for® should not be used in the preparation of th# solution 
for .analysis because It cannot be completely removed even 
by prolonged fuming with perchloric acid (See Experiments*
3f page 83) • Small amounts of sulfate (70 mg, SO3 maxi* 
mum tested) do not interfere* Phosphate In amount© under 
Q#6 mg* F2°5 (maximum tested) was also without effect*

mailto:e@0li.ng
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A procedure was developed for the colorimetric 
determination of sirconiuia In glass sands, clays, and burnt 
refractories* The sample, 0*2 g*, Is fused with a mixture 
of potassium carbonate and borax* The melt Is, digested 
with water and the precipitate la filtered to separate 
slreonlum from fluoride, phosphate and other anions* The 
residue is dissolved In hot 1101, and slrconlum is preclpi- 
bated with p^dimethylsminoaeophenylarsonle acid from 50 ml* 
of {15485) HOI solution* The slreonlum precipitate is fil­
tered hot with the aid of paper pulp and washed with a hot 
acid solution of the aao dye* The precipitate is ignited 
at 500° C and dissolved in HgSO^, Excess acid i® fumed off 
and the sirooaiutt Is then dissolved in HC1 solution for the 
determination with quereetin*

A few details of the procedure need to be examined* 
It is common knowledge that slreonlum is Insoluble In water 
after fusing with a carbonate flux* This holds for milli­
gram or larger amounts of sir senium but does not always 
hold for mlorogram amounts of slreonlum in the Absence of 
specific carriers such as iron and titanium* For example 
it was found that in samples with insignificant amounts of 
Iron or titanium nearly all the slrconlusi was soluble after 
fusion with carbonate* The siroontum probably fonss a sol­
uble complex carbonate in these Instances* The complex 
carbonate ©f slreonlum can be destroyed at alkalinltles 
higher than given by carbonate solutions* Thu® for sample® 
containing very small amount® of Iron or titanium the
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datailed procedure call® for the addition of ferric iron 
(equivalent to 5 mg* F®g%) to the loach of the carbonate 
molt and sufficient SOB solution to increase the alkalinity 
prior to tho filtration of the solution*

The precipitate of zirconium with the pararson!e 
acid tends to leak through the filter unless a very tight 
filter, such as Whatman Wo* 42, and paper pulp are used in 
the filtration* The precipitate should he heated slowly 
and in the absence of drafts to prevent dusting losses*
The ignition should be made in a small muffle furnace and 
the temperature must not be allowed to exceed 800° C else 
the residue becomes difficult to dissolve in sulfuric acid* 
After solution in sulfuric acid, the excess sulfuric is 
removed because sulfate quenches the ai r conium-quercatIn 
color*

ig.40.ESTs a w  apparatus

Standard stock solution of aireeniuai in (141)101, 1 ml, « 
approximately B stg, SffOgi Add 100 ml* (14DHC1 to 
2*17 g* &r0(H0£)2 * t% 0  2 and. boil gently until 78 ml. 
remain* lake to 500 ml* in a volumetric flask with 
(141)HC1* Standardise by talcing SO ml, portions and 
precipitating with redistilled HH4OU and igniting to 
oxide,'

Zr®2 prepared from alreenyl nitrate obtained 
from Fisher Scientific Co, contained less than 0,3$ EfOg by apeetrogrsphlc tests.
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Standard zirconium solution in (144)HC1, 1 ml.  ̂10#"ZrOo t  
Take S ml* (or appropriate amount) of stock solution, 
add 395 ml. (14DHC1 and make to 1 liter with distilled 
water. Tests indicated that airconium solutions con­
taining more than two percent by volume o f HC1 are 
stable for at least six months. 

p-Diraethylaminoasophenylsrsonic acid solution, 0.3^ in 
(141)HClj Powder the pararsonic acid in an agate 
mortar and dissolve 3 g. in hot (50® C) (14X)HC1 and 
make to 1 liter with (141)HC1.

Alcoholic solution of quercetin®, 1 ml* - 1.00 mg. quercetim 
Dissolve 0.500 g. quercetin in 300 ml. of 95^ alcohol, 
warning if necessary. Make to 500 ml. with alcohol*
The solution should be filtered if necessary.

Potassium hydroxide solution* Dissolve 10 g* EDI! in 100 
ml. of distilled water.

Ferric chloride solution, 1 ml. jg 1 mg. Dissolve
0.1 g* pure iron wire in KC1 using a small amount of 
H^Og to oxidise the iron. Evaporate the solution to 
drjnmsB on the steam bath* Add 1 ml. of (141 )HC1 and 
20 ml* of water, digest the solution, cool and make 
to 100 ml.

3The quercetin used was obtained from Delta Chemical Co., 23 West 60th St., H. Y. S. B. Feniok Co.,50 Church St., M* Y,, and T. Schuohardt Ltd., Leopold- strass® 4, Munch® n 23, Germany, also supply quercetin of excellent quality.
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Carbonate-borat© flux* Mix 5 -parts of anhydrous XgCOg 
with 1 part of borax*

Hydrochloric acid: Us© redistilled ©old for all work In-
eluding th© preparation of reagents.

Sulfuric acid* Reagent grade.
Spectrophotometers fh© Beckman. Spectrophotometer* Model DU 

was used. f^esumably other good spectrophotometer© 
may be substituted.

m o Q m v m

1. Weigh 0.200 gram of sample, ground to an im­
palpable powder* into a platinum crucible. Burn off or­
ganic matter if present In the sample.

2. Add 3 g* of the oarbonate-bor&te 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* fhe fusion period can be greatly shortened for 
samples that are not refractory. Cool.

5* leach the melt with about 50 ml. of water. 
Remove crucible and cover* scrubbing and rinsing them be­
fore setting them aside* The total volume at this point 
should be about 70 atl.

4. If the sample Is known to contain iron or ti­
tanium proceed to Step 5. If the sample contains negligible 
amounts of Iron or titanium add 5 ml. of ferric chloride so­
lution and stir. Add 10 ml. of KOI! solution* stir* and di­
gest the solution on the ©tea® bath for at least one hour.
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5* Filter the solution on Whatman Mo. 40 paper
and wash the precipitate with Vp KOS solution. Drain the
papar and atom of tha funnel thoroughly*

0* Pissolv# the precipitate with 10 ml. of hot 
(141)1101 (us® pipette), collecting the filtrate in a 100 ml. 
beaker* Pash the paper with water*

7. Add 5 ml. of p-diasthylaminoasophenylarsoni©
acid solution and adjust the volume to 50 ml. and digest 
the solution on the steam bath for at least one hour*

S. Add a generous amount of paper pulp and fil­
ter the precipitate of slrconium hot. In order to prevent 
precipitation of t i t a n i u m  the solution must n o t  be allowed 
to cool below 70° C during the filtration.

9* Wash the precipitate thoroughly with a hot 
wash solution of* the dye (mad® by talcing 10 ml. of the a so­
ar sonic acid solution, 70 ml* of ©one* EG! and diluting to 
©00 ml* with water).

10* framsfer the paper and precipitate to a 
platinum crucible and remove most of the water by drying 
In an oven for about an hour* then gently ignite the pre­
cipitate in a small muffle furnace at 500° 0 starting with 
a cold furnace#

11* Add 10 drops of I%S04# cover the crucible, 
snd heat on the hot plat® for about one-half hour to dis­
solve the slrconium residue* A small amount of silica
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usually follows slrconium up to this point so that a com­
plete solution of the residua may not result# However the 
sireenium is dissolved by this treatment.

It, Bemov* the cover and allow the sulfuric acid 
to evaporate on the hot plate until no more fumes of acid 
appear#

13# Holding the crucible with platinum tipped 
tonga* remove ■ the last traces of. sulfuric by gently heating 
below 300° C over a low burner#

14# Add 5*2 ml# of (144)BG1 by a pipette# Cover 
the crucible and warm the solution a few minutes to dis­
solve the slreonium* Rinse the cover with water adding the 
washings to the crucible# Transfer the solution to a Si ml* 
volumetric flask.

IS# Adjust the volume to about IS ml# with water# 
Cool# Add S ml# of aloohol and 3 ml# of quercetin using 
pipettes# Make the solution to the mark* mix and obtain 
the density of the solution in a spectrophotometer at 440 up# 

16# Bet ermine the amount of sireoniusi by refer­
ence to a standard curve#

Note Is An aliquot of the solution should be 
taken at Step 14 if the sample 1® 
known to contain acre than 25-60 X Zr%# 
Additional acid will then be required to 
bring the acidity up to 0,511 IIG1 used in 
determination of aircorxium with quercetin#
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Mot® 2$ A blank should be m m  la the procedure*
For example 1 * ZrOg was found In the com­
bined residue of the filter paper and 
pulp used for the filtration .of the &so«* 
arsono precipitate*

«ai of r m  m o c w m m

The procedure was applied to the determination 
Of- zirconium In glass sands, clays, and refractories* 
Bureau of Standards standard samples were used* the com­
position of the samples Is given in fable 13. The results 
obtained for aireonium by the quercetin procedure are com­
pared to certificate values in fable 14. the agreement Is 
satisfactory*
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fabla 13 
Composition of Standard Samplaa 

O . "  76 b737*T? B.S. 7© a3. 37 b 3. M(BurntRefrao~ (BurntR#frae*
.Jtasnr)

(BurntRefrac­tory (Flint 
.. . Clay).

SiOg 54.68 32.38 20.69 42.87 ’ 89.11
AlgOg 37*67 59.59 69.07 38.77 25.54
Pog05 2.38 *90 .79 .96 2*05
TiOg 2.21 2.93 8.87 2.36. 1.43
Zv Oq .07 .09 .12 .28 .041
%0s *069 .45 .52 *oa .08
VgQg .021 .002 .047 .040 .025
CrgOg *079 .021
CaO .27 .26 • 96 .10 .21
MgO .58 .50 .51 .26 .TO

% 0 1.87 2.11 2« S3 .54 ' 3.17
»a20 • S3 .86 .53 .33 .23
SOg - «N> aa» .042 .07
MnO •* .002 .005
Ctt0 * t m • .008 .009
Xgm.X#OS8 .22 ,; .21 .26 13.85 7.2©
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fahl* 13 (Coat.*) 
Gosipoalfciof* of Standard Sanjploa

>♦», OJk !»««»#(Glftaa (Opal
•  ŵ>3Ljbjbl3L̂L

SJLtljg m 67,93
% 0 ,010 «•
C«0 .029 10.48
H«s° ♦- * 8.48
% 0 «*» 9.88
* * * * * .868 6.01
V 5.78
A*8°S *081
A82°5 - .102
* « z H .0798 .081.
w»o — .087
2»&0 .08
% % - .088
«°8 ,095 .mo

,051 .0008
01 - ,014
Ig*WLoan *93
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t m u  14

Of ItiNia&Ira Analysis
HT

Analysis ft SrOg

B. 3. 70 0.07 O.078
B. s. 77 0.09 0.009
B. a. 79 0,12 0.112, 0.114
B, s. 01 0.031 O.033, 0.039
B. s. 91 0.0098 0.0100, 0.0104
B. a. 97 . 0.38 0.845
B. a. 90 0.041 0.0409
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BXB2BXMB1TS

from Mlllltfxmm Amountb of titanium* In th#e© experiments 
slrconlum was precipitated hot with § ml* of the parsrsoni© 
acid solution from a total volume of 50 ml# of {154S6)HG1 
solution and containing various amounts ©f titanium. The 
titan!um was added as a dilute hydrochloric acid solution 
of the salt TiCOicJgGlg# the slroonlum precipitate was 
filtered hot after one how and washed with a hot wash so­
lution of the dye (See Procedure)* The precipitate was ig­
nited in porcelain and fused with a small amount of KgBgO^* 
The cooled melt was leached with 10 ml* of (149)KM0$, a few 
drops of HgOg were added and the titanium color was com­
pared with a scries of titanium standards* fable 15 il­
lustrates the comb!nations used and the amount of fiOn*•»*
©©precipitated -under these conditions* The msxlmtm amount 
©f TiOg ©©precipitated was SS^fiOg when SQOrZrOg was 
used* Because quercetin is capable of determining Just a 
few ml er ©grams of ErOg even this slight interference of TiOg 
is removed by dilution*

2# B#%awlpr. ,pf Various Plem^nta under the Con- 
41-tienft, of. Precipitation of Zirconium with far arsenic Acid* 
Various elements were tested to determine the precipitating 
action of pararsoni© acid in hot (154B5JBG1 solution* The 
solutions were made to 50 ml* volume and contained 5 ml* of 
the pararsonic acid solution* Each solution was kept on 
steam bath for at least one hour* The solutions were then
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examined wMl# still hot for any precipitate that might he 
present* An estimate of the amount of each element precipi­
tated was made from the else of the precipitation obtained* 
The results are given la Table 16*

3* 9$. Fluoride by ^ o l 9 m e^
Fuming with Tar chloric Acid.* Five milliliters of hydro** 
fluoric acid and one ml* of perchloric acid were added to 
a chloride solution in a SO ml* platinum crucible containing 
0*1 g* AlgOg and 0*250 mg* ErOg* The resulting solution, was 
evaporated on the steam bath and then on a hot plate to re­
move the perchloric acid* One ml* HCIO4 solution was added 
and fused dry on the hot plate* This was repeated .twice 
more with 1 ml* portions of HGIO^. The residue was dis­
solved in 10 ml* of (141) HOI by warming and the solution 
transferred to a mall beaker. Water was added to 30 ml* 
and 5 ml* of the par arson! c acid solution was added* The 
volume was adjusted to 50 ml* with water and the solution 
heated on the steam bath for one how* Ho precipitate of 
alreonlum formed* This experiment was repeated several 
times with the same result* When the experiment was re­
peated In the absence of aluminum only BOft of the air co- 
alum was precipitated*
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fable 15 
Cepreelpltatlon of tltmXvm

7 «g, fi%
0*5
t m *0 * 2 5  a g .
T
0*15 ag*
10 ag#
0*10 mg*
10 ag. 
0*05 ag*
0*2 ag.<*
0*05 ag.
0*05 utg* 
0* 02 ag*

2*%

2yQg

ZrOg

fl0§
Zt0%

0*055 mg* fi02 

0.020 tag. fi%

0*050 mg* fi:0g 

0.0X5 mg* flOg 

0.015 mg, li% 

not detected 

net detected
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Table 16
Element® freoipitabed by Pararaonie Aoid in Hot (16435)101 Solution
TSSSSSSS"Tested Element As Oxide
IfejL,

So 20 Large pptf about $ ag.
So 1 Small ppfcj about 0*4 ag*
So. 0.5 Small pptf about O*O0 mg*
w 1 Tpb$ pp#b* quantitative
Mo 60 Ho ppt*
Sb 60 Ho ppt.
tb 40 Small pptf about 0.03 mg*
fh 10 Small pptf about 0.005 mg*
Bi 50 Ho ppt*
lb 1 Ppij prob. quantitative
fa 1 Pptj prob. quantitative
Au 5 HO ppt.
Be 50 Ho ppt.
0a 50 Ho ppt*
0# 15 Ho ppt*
y45 50f 5 Ho pptf d*atreys dye
0r43 50 Ho ppt.
V 50 to ppt*
ft 60 ag. ft Ho ppt*
3^44 SO Ho ppt.
Co4B 20 Ho ppt,
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fa*

Table 16 (Cont.)
Elements Precipitated by Pararsonlo Acid in Hot {15435)BC1 Solution
Amount Tested Element As Oxide
IMu JL

T 20 IIo ppt*
Pr 20 Mo ppt*
Od 20 Mo ppt*
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