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DETERMINING OF ZIRCONIUM(IV) WITH 2,3, 4-TRIHIDROXY-4 -
SULPHOAZOBENZOL AND CATIONIC SURFACE-ACTIVE SUBSTANCES IN ALLOYS
AND IN QUARTZ DIORITIN CONSISTING OF PYRITE

Academician of ANAS R.A.Alieva, Kh.D.Naghiyev, U.A.Gullarli,
M.F.Mammadova, F.M.Chiragov

The complex formation of zirconium(IV) with 2,3,4-trihidroxy-4 -sulphoazobenzene in presence of
cationic surface-active substances (SAS) — setylpyridin bromide, setylpyridin chloride and setylmethyl-
ammonium bromide was investigated by photometric method. It was determined that, the mixed ligand
complexes are formed with the ratio of Zr:R:SAS components as 1:2:2 when pH is 1,0-1,5. In this work
was been researched the ligand-ligand interaction of reagent with SAS in the optimal condition of
complex formation and determined that are formating ion associates, which have a high resistance. The
comparison of chemical-analytical characteristics of associates and mixed ligand complexes showed
that, by increasing the stability constants of associates will increase the stability constant, molar ab-
sorbtivity and contrast of reaction of formation differentligand complexes will increase. Has been de-
veloped the more selective methods to photometric determination of microquantities of zirconium in
quartz dioritin consisting of pyrite and in the alloys on the base of copper and aluminium.
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For photometric determination of zirco-
nium(I'V) widely used o-hidroxyazocompounds.
Previously, by us showing that, azocompounds on
the base of pyroghallol are valuable analytic re-
agents to photometric determination rows of inor-
ganic ions, including zirconium(IV). Well known,
that cationic surface-active substances strongly
influence to acidity properties of polidentant chro-
mophoric reagents and essentially improve their
chemical-analytical characteristics.

In article has been searched the complex
formation of zirconium(IV) with 2,3,4-trihidroxy-
4'-sulphoazobenzene in presence of cationic sur-
face-active substances and has been developed
the more selective methods to photometric deter-
mination of microquantities of zirconium in
quartz dioritin consisting of pyrite and in the al-
loys on the base of copper and aluminium.

Experimental part

Standard 1-10™" M solution of zirconium (IV)
has been prepared by solving calculated hitch of
metallic zirconium in H,SO4 by technique. Work
solutions 5:10* M was received by dilution of
previous solution by distilled water. 1-10° M so-
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lution of 2,3,4-trihidroxy-4'-sulphoazobenzene (R)
and 1-10° M cationic surface-active substances
(SAS) — setylpyridin chloride (SPCI), setylpyridin
bromide (SPBr) and setylmethylammonium bro-
mide (SMABr) was preparing by solving of con-
cerning hitches in water. For making of necessary
aciding were used buffer solutions of acetate-
ammonia (pH=3-11) and fiksanal HCI (pH=0-2).
All of used reagents had qualification no lower
than n.fa.

Acidity of solutions was controlled on the
ionomer 1-130 with glass electrode customized
by standart bufer solutions. Optical density of
solutions was measured at the spectrophoto-
meter Lambda-40 (Perkin Elmer) and photo-
electrocolorimeter AE-30F in the cuvette with
the thickness of layer 1sm. The specific con-
ductivity of solutions was measured at the con-
ductometer CEL-1M2.

Results and discussions

The coloured complex compound is for-
med in the reaction of Zr (IV) with the reagent
with the maximum of light absorption at 460
nm. The maximum output is observed at
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pH=2,0-2,3. In this environment reagent absor-
bes at 379 nm. In the presence of surface-active
substance (SAS) mixed ligand complexes of
Zr(IV)-R-SAS are formed. Herewith, the batho-
chromic shift compared to the spectrum of the
binary complex is observed and maximum out-
put shifts to more acid environment.

Light absorption of Zr (IV)-R-CPBr, Zr
(IV)-R-CPCl and Zr(IV)-RCPMABr complexes
are maximum at 471, 469 and 466 nm respec-
tively. Studying of dependence of optical den-
sity on pH have shown that all mixed ligand
complexes of Zr(IV) are formed at pH=0-6,5
and maximal output of these complexes is ob-
served at pH=1,0-1,5. The color of reagent and
complexes depends on pH of environment.
Therefore absorption spectrums of complexes
are shot against the background of control ex-
periment (R+SAS), which was prepared in the
same conditions, and it was found that the light
absorption of mix-ligand complexes is maxi-
mum at 470 nm.

Further, in order to find the optimal con-
ditions of mixed ligand complexes formation,
the influence of concentration of reactive com-
ponents, temperature and time were studied. It
was found that the output of all mixed ligand
complexes are maximal at the concentration
value 6,0-10° M and 1,0-10” M for R and SAS
respectively. The value of optical density of
mix-ligand complexe solutions stays constant in
3,0-10,0 and 5,0-14,0 excess of R and SAS
respectively. Binary and all mix-ligand com-

plexes of Zr(IV) are immediately formed after
mixing component solutions, which are stable.
So that if binary complex is stable during 2
hours and by heating till 60°C, then mix-ligand
complexes are stable more than one day and by
heating till 80°C.

The ratio of reactive components in the
structure of coloured compounds was found
using the methods of isomolar series, relative
yield of Starick-Barbanel and the method of
balance shifting [12]. The results of all methods
have shown that the ratio of components in
binary complex is 1:2, and mixed ligand
complexes - Zr(IV):R:SAS=1:2:2. The amount
of H" ions which were displaced during com-
plexation was determined by Astakhov's met-
hod, which also proved the shown ratio of com-
ponents in complex [13].

The stability constatnts of binary and
mixed ligand complexes of Zr(IV) were calcu-
lated. The method of intersection of curves was
used for calculation of the satbility constatns of
complex Zr(IV)-R and it was found that
1g$=9,92+0,17. Considering the molar ratio of
components in mixed ligand complexes their
stability constants were calculated. It is found that
in the presence of SAS the stability of complexes
rises more than two times: Igf (Zr-R-CPBr)
=13,0840,11; IgB (Zr-R-CPCl) =12,90+0,18; 1gf
(Zr-R-CPMABr)=12,7440,20. The molar ratio of
light absorptions are shown in the table 1. It's
seen that in the presence of SAS the molar ratio
of light absorption increases.

Table 1

Chemical-analitical characteristics of complexes of Zr(IV) with 2,3,4-trihydroxy-4'-sulfoazobenzene
in the presence of cationic SAS

Complexes pHopt Amaxs AA, Compo- g107 Linearity interval 1gB

nm nm nents ratio of calibration

graph, mg/ml
Zr(IV)-R 2,0-2,3 460 81 1:2 3,30+0,12 0,18-2,18 9,92+0,17
Zr(IV)-R-CPBr 1,0-1,5 471 92 1:2:2 4,40+0,15 0,09-2,92 13,08+0,11
Zr(IV)-R-CPCl 1,0-1,5 469 90 1:2:2 4,20+0,16 0,09-2,92 12,90+0,18
Zr(IV)-R-CPMABr 1,0-1,5 466 87 1:2:2 3,9540,10 0,15-2,18 12,744+0,20
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Table 2

The characteristics of R-SAS system at pH=1 ( Az=379 nm, R:SAS=1:1, pH=1,0-2,0)

SAS )\'R-SAS: nm 1gK
CPBr 429 7,14+0,08
CPCl 425 6,68+0,14

CPMABr 421 5,93+0,13

The ligand-ligand cooperation is investi-
gated to study the influence of SAS to com-
plexation in R-SAS system. For this purpose the
absorption spectrum of the reagent was shot in
the presence of SAS at pH=1,0-2,0, in the wide
range of wavelength. It's found that in the
presence of SAS in the absortion spectrum of the
rasgent the bathochromic shift and hyperchromic
effect are observed. It is known that [9], cationic
SAS exists in acid environment in protonated
form and electrostatically cooperates with rea-
gent, which owns acid properties, to form ionic
associates. Stoichiometry and stability constant
of the associates are determined with the method
of intersection of curves (table 2).

2,3,4-Trihydroxy-4'-sulfoazobenzene is the
four main acid and in addiction to the acidity of
environment could exist in protonated (HsR'-at
pH<0), molecular (H4R, H3R™- at pH=0-7,2) and
anionic (H2R2' - at pH=7,2-8,3, HR® - at pH=8,3-
9,5 and R* - at pH>9,5) forms [14]. By
increasing the value of pH the pointed forms of
reagent move into the following forms:

HsR" < HisR & H3;R” — H,R* & HR> & R*

The transition of the H4R form into H;R”
form is characterized with cleavage of hydrogen
in the structure of sulfo-group of reagent. This
transition doesn’'t have any analitical effect.
Therefore we can accept both forms as molecular
ones. Molecular forms of reagents form ionic as-
sociates with ratio of components R:SAS=1:1 at
pH=1,0-2,0 fot its electrostatic cooperation with
the sulfo-group of SAS. Maximal delocalization
of m-electronic system of reagent leads to the ba-
thochromic shift of absorption band of formulated
associate, which is also connected with the in-
creasing of negative induction effect of sulfo
group under the pressure of SAS. As it's seen
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from table 2, the stability constant and contrast
of the reaction of formation of associates are
decreasing in a following row:

R-CPBr>R-CPCI>R-CPMABr

The comparison of chemical-analitical
characteristics of of associates and mix-ligand
complexes shows that increasing of stability
constant of associates leads to growth of the
stability constant, molar ratio of light absorp-
tion and contrast of the reaction of mix-ligand
complexes formation.

In order to work out a method of photo-
metric definition of Zr(IV) with the reagent in
the presence of SAS was found an interval of
concentration of obeying to Ber's law and stud-
ied the influence of foreign ions and masking
agents to complexation. Binary complex of
zirconium(IV)-R is subordinate to the Ber's law
in the interval of concentration 0,18-0,28
mg/ml, mixed ligand complexes Zr(IV)-R-SPBr
and Zr(IV)-R-SPCl - 0,09-2,92 mg/ml and
Zr(IV)-R-SPMABr - 0,15-2,18 mg/ml respec-
tively. As we show from the table 3 in the
presence of SAS selection of the reaction was
conciderably increasing. Have been developed
the photometric determination of zirconium (I'V)
in form of mixed ligand complexes with 2,3,4-
trihidroxy-4'-sulphoazobenzene and cationic sur-
face-active substances and have been applied
the determination of microquantities of zirco-
nium in quartz dioritin consisting of pyrite and in
the alloys on the base of copper and aluminium.

Determination of zirkonium in dioritin
Have been analysed three samples of dioritin.
Hitch of dioritin 2 g in graphite crucible are
solved in mixture of 8§ ml HF+3 ml HCI +1 ml
HNOs;. Received paste was worked up by 3-4
ml HNO; at 50-70 C to full distillation of HF.
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Received precipitation was solved in distilled
water, transfered in measuring bottle with capa-
city 100 ml. For reduxing Fe(IIl) to Fe(Il) in-
troduce 0,3 g of metallic zinc, well shuffled and
diluted to marker. An aliquot part of this solu-
tion was transfered in measuring bottle with
capacity 25 ml, introduce 1,5 ml 1-10° M solu-
tion of R, 2,5 ml 1:10° M SPBr and diluted to

marker with 0,1 ml HCIL. Optical density of so-
lution is measured in photoelectrocolorimeter
AE-30F in 470 nm. Comparatively to control
experiment (R+SPBr) in ditch with thickness of
the layer 1,0 cm. Maintenance of zirconium is
found by calibration graphic. Received results

are shown in table 4.

Table 3

Influence of accompaning ions to results of determination of zirconium (IV) (introduce 1,82 mkg/ml
zirconium, mistake is +5%)

Accompaning ions(Al) Admissible weight surplus of Al
R R-SPBr R-SPCI R-SPMABr

Alkali metals 4000 7500 7200 6600
Ca(Il) 2640 6200 6000 6000
Mg(1I) 3700 6100 5900 5800
Ba(Il) 2000 5200 5200 5200
Cu(Il) 430 600 600 600
Co(I) 900 1100 1000 1000
Ni(IT) 810 1100 1000 900
Mn(I) 850 1050 1000 900
Zn(II) 440 1000 1000 900
Cddr) 750 1600 1500 1350
Pb(I) 0,5 150 120 100
Sn(IT) 13 150 130 100
AI(IID) 180 580 500 420
Ga(III) 1,0 210 180 150
In(IIT) 80 1000 1000 890
Fe(Il) 243 1582 1320 1000
Fe(III) 0,6 130 120 100
Cr(I1I) 200 1000 1000 1000
Bi(IIT) 4,0 160 145 140

Ti(IV) 3,2 64 50 50
Hf(IV) 0,5 5,0 5,0 3,6
Th(IV) 255 1100 1100 905
Mo(VI) 2,1 5,2 4,0 3,6

W(VI) 10 45 30 30
V(VI) 1230 2100 2100 2000

F 0,8 42 38 35

C,04” 27 50 50 50
HPO,”™ 3,0 315 300 280
Trilon B 28 750 700 700

Table 4
Results of determination of zirconium in dioritin (n=5, P=0,95)
Sample of pyrite Was found Zr, % Sr
R+SPBr Alizarine S R+SPBr Alizarine S
1 0.183+0.010 0.180+0.032 0.022 0.069
11 0.135+0.012 0.140+0.020 0.035 0.054
111 0.618+0.026 0.611+0.044 0.016 0.028
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Table 5
Results of determination of zirconium in alloys (n=5, P=0,95)
Mark of | Quantity of Was found Sr
sample Zr by R-SPC1 R-SPBr R-STMABr | R-SPCI SPBr | R-STMABr
passport, %
M 172-1 0.15 0.139+0.016 | 0.155+0.014 0.143+0.019 0.045 0.035 0.052
M 272-2 0.09 0.086+0.008 | 0.093+0.008 0.085+0.009 0.036 0.033 0.041
M 145-5 0.07 0.067+0.009 | 0.072+0.005 0.074+0.008 0.052 0.027 0.042
M 295-3 0.15 0.143+0.017 | 0.156+0.008 0.145+0.013 0.046 0.020 0.035

Determination of zirconium in alloys
It's been analysed copper alloys from mark M
145-5 and M 295-3 and aluminium alloys from
mark M 172-1 and M 272-2. Hitch of sample
with mass 0,5 g in heating solved in 25 ml
czars vodka, adding 10 ml H,SO4 (1:1) and re-
ceived solution are evaporate to humid salts. Re-
siduum are solved in heating in distilled water,
transferred in measuring bottle with capacity
100 ml, delivered to mark with water and well
shuffle. An aliquot part of this solution has been
introduced in bottle with capacity 25 ml and
analysis carry out as seems higher. The results
of determination are shown in table 5.
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ORINTILORDO VO KVARS SAXLAYAN DIORITDO SIRKONIUMUN 2,3,4-TRIHIDROKSI-4'-
SULFOAZOBENZOL VO KATION TiP SOTHI-AKTiV MADDOLORLO TOYINi

R.O.9liyeva, X.C.Nagiyev, U.A.Giillorli, M.F.Mammoadova, F.M Ciraqov

Kation tip sothi-aktiv maddolor (SAM) — setilpiridin xlorid, setilpiridin bromid, setiltrimetilammonium bromid istirakinda

sirkoniumun(IV) 2,3,4-trihidroksi-4'-sulfoazobenzolla kompleks omolo gotirmasi fotometrik metodla todqiq edilmigdir. Miioyyon
edilmigdir ki, pH 1,0-1,5 tursuluglu miihitdo komponentlori nisbati Zr:R:SAM=1:2:2 olan miixtolifligandli komplekslor amolo
golir. Reaktivlo SAM arasinda liqand-ligand qarsihiqh tosir do todqiq edilmis vo yiiksok davamliliga malik ion assosiatlarinin
omolo goldiyi miioyyan edilmisdir. Assosiat vo miixtslifliqgandli komplekslorin kimysvi-analitik xarakteristikalarmm miiqayisosi
assosaitn davamliliq sabitinin artmasi ilo miixtalifliqgandli komplekslorin davamliliq sabiti, molyar udma amsalinin vo kompleks
omoalogolms reaksiyalarinm kontrashigmnm artdigini gostormisdir. Kvars saxlayan dioritdo vo mis vo aliiminium oasaslt orintilords
sirkoniumun mikromiqdarmin yiiksak seciciliys malik fotometrik toyini metodikast islonilmisdir.

Acar sozlar: spektrofotometrik tayinat , sirkonium, pirogallol, sathi-aktiv maddo
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OIIPEJAEJIEHUE IUPKOHUA C 2,3,4-TPUTUJPOKCH-4'-CYJIb®OA30OBEH30JI0OM
N KATHUOHHBIX TOBEPXHOCTHO-AKTUBHBIX BEIIIECTB B CIIVTABAX
N B IUPUTCOAEPKAIIEM KBAPIIEBOM JTUOPUTE

P.A.AnueBa, X./[.Harues, Y.A.I'voiusipiau, M.®.Mamenosa, ®.M.Usiparos

DoTOMETPHIECKAM METOJIOM HCCIEIO0BAHO KOMIUIekcooOpazoBanre 1mpkoHuI(IV) ¢ 2,3,4-tpurunpokcu-4'-cymbgo-
a300CH30JI0M B TIPHICYTCTBHM KATHOHHBIX MMOBEPXHOCTHO-aKTHBHBEIX BerrecTB ([TAB) - xmopuma netmmmipranaws, OpoMuaa
HETWITMPHANHIS, OpOMHIA HETHITPUMETHIIaMMOHKS. Y cTaHoBieHo, uto npu pH 1,0-1,5 oOpasyroTest pasHONMTaHIHBIE KOM-
IUIEKCHI C COOTHOLIEHHEM KOMITOHEHTOB Zr:R:ITAB=1:2:2. Takoke uccienoBaHo JIMraHA-TMTaHAHOE B3aUMOJIEUCTBUE peareHTa
¢ [TAB B omruMaIsHO# cpeie KOMIDTEKCOOOPa30BaHIL U YCTAHOBIICHO, YTO 00pa3yIOTCs MOHHBIC ACCOIMATHI, OTINYAOIIHECS
BBICOKOH yCTOMUMBOCTHIO. CpaBHEHHE XMMHKO-aHATUTHUYECKHUX XapaKTePUCTHAK aCCOIMATOB M Pa3HOIMTaHIHBIX KOMILICKCOB
MOKA3aJI0, YTO C MOBBIIIEHUEM KOHCTAHT YCTOMYMBOCTU ACCOLMATOB YBEIMYMBACTCS KOHCTAHTA YCTOMYMBOCTH, MOJISIPHBIN
KOX((PUIIHEHT CBETOTOTIIOICHHS ¥ KOHTPACTHOCTh PEAKIINK 00pa30BaHMs pa3HONMTIAHTHBIX KOMIUIEKCOB. Pa3paboTaHa BBICO-
KOCEJICKTUBHASI METOMMKA (DOTOMETPHUYECKOTO OMpPENeTICHIs MUKPOKOIMYSCTB IMPKOHMS B TIMPUTCOACPIKAIIEM KBApIICBOM
JIMOPUTE U B CIUIABaX Ha MEITHOM U aFOMMHHEBOM OCHOBE.

Knrwouegovle cnosa: cnexmpogomomempuueckoe onpeoeienue, YupKoHUul, NUpoauioi, nO8ePXHOCMHO-AKMUG-
Hble eeujecmsa
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