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Ag(l) with 1- [2- (allylamino) -1-methylethyl] thiocarbamide the rapid reacts to form
brownish-yellow complex and also it to form to form brownish complexes in presence of the
phenanthroline(Phen)and o,a' - dipyridine (o,a' -dip). The absorption spectra of the Ag (I)-
AMTICsystem is a curve with the maximum absorbance at 460 nm and molar absorption
coefficient of 1.810" 1 mol" ecm™'. The absorption spectra of the Ag(l)-AMTIC- Phen and
Ag(1)-AMTIC- a,a'-dip systems is a curve with the maximum absorbances at 476 nm and 473
nm and molar absorption coefficients of 2.5310° I mol™" cm™" and 2.3810" | mol”" em™,
respectively. The absorbance was linear for 0.234-2.31mkg ml"" of Ag (I) in the Ag(l)- AMTIC
system and 0.168-2.242 mkg ml”" and 0.176-2.232 mkg ml™' of Ag (I) in the Ag(l)-AMTIC-
Phen and Ag(1)-AMTIC- a,0'-dipsystems, respectively. The proposed methods was successfully
used in the determination of Ag(l) in several synthetic mixtures. The relative standard
deviation (n = 5) was 0%—2.0%, for Ag(l), indicating that this methods are highly precise and
reproducible. The results obtained agree well with synthetic mixture samples analyzed by
inductively coupled plasma optical emission spectrometry(ICP-OES).

Keywords: spectrophotometric, Ag(I), determination,1-[2-(allylamino)-1-methylethyl]
thiocarbamide, phenanthroline and o,a’ - dipyridine

Introduction

Silver is a useful element in many respects, other than in currency and
as an investment medium, silver is used in solar panels, water filtration, je-
wellery, ornaments, high-value tableware,soils,natural and waste waters, rocks,
pharmaceutical preparations in photographic materials and utensils, in electri-
cal contacts and conductors, in specialized mirrors, window coatings, in cataly-
sis of chemical reactions, as a colorant in stained glass and in specialised con-
fectionery [1]. Thus, separation, preconcentration and determination of silver
ion is of increasing interest.



Although many sophisticated techniques, such as electrothermal AAS
[2-3], flame AAS[4-5], graphite furnace AAS[6], liquid chromatography[7],
electrophoresis[8] are available for the determination of silver at trace levels in
numerous complex materials.

Factors such as the low cost of instrument, technical know-how, con-
sumable and costly maintenance of technique restrict the wider applicability of
these techniques, particularly in laboratories with limited budget in developing
countries and for field work lack of any requirement for consumables and al-
most no maintenance, have caused extraction-spectrophotometric methods to
remain a popular technique.

In the literaturs wide variety of spectrophotometric methods for deter-
mination of Ag(I) have been reported, each chromogenic system has its advan-
tages and disadvantages with respect to sensitivity, selectivity and convenience
[8-13]. Many reagents used in photometric methods for the determination of
silver contain sulfur in the molecule.Therefore, the synthesis of new sulfur con-
tent of organic reagents, the study of their complexation with Ag (I) is an ur-
gent task. In this work, a reagent 1- [2- (allylamino) -1-methylethyl] thiocarba-
mide (AMTIC) was synthesized according to the method of [14] and a color
reaction of AMTICwith Ag(I) in aqueous and in the presence of the phenan-
throline (Phen) and a,0” - dipyridine was carefully studied. The aim of present
study is to develop a simpler spectrophotometric method for the trace determi-
nation of silver(l) with AMTICand in the presence of phenanthroline and o,a’ -
dipyridine solutions.

Experimental Section

Instrumentation

The absorbance of solutions was measured with a Perkin Elmer (United
States) (Model: Lambda-40) double-beam UV/VIS spectrophotometer and with
a KFK-2 photoelectrocolorimeter (Russia), with 1 cm matched quartz cells.
The pH values of solutions was controlled on the ionomer [-121 with glass
electrode customized by standart bufer solutions.

A Perkin Elmer (United States) (Model: Optima-2100DV) Inductively
Coupled Plasma Optical Emission Spectrometer (ICP-OES) was used for
comparing the results.

Chemicals and Reagents

All of the chemicals used were of analytical reagent grade or the highest
purity available. Distilled deionized water, which is non-absorbent under ultra-
violet radiation, was used throughout. Glass vessels were cleaned by soaking in
acidified solution of KMnQOy4 or K,Cr,07 followed by washing with concentra-
ted HNOj; and rinsed several times with deionized water. Stock solutions and
environmental water samples (1000 ml each) were kept in polypropylene bott-
les containing 1ml of concentrated HNOj;. More rigorous contamination control



was applied when the silver(I) levels in the specimens were low.

Standard silver solution (1x107 M)

A stock solution 1x102 M, 100 ml of silver (I) was prepared by dissol-
ving 0.1575 g of silver nitratein 100 ml of distilled deionized water and added
0.1 ml con. HNO3 . The working standard of silver solution was prepared by
suitable dilutions of this stock solution.

1- [2- (allylamino) -1-methylethyl] thiocarbamide

The 1- [2- (allylamino) -1-methylethyl] thiocarbamidereagent was syn-
thesized according to the method of [14]. The NMR spectroscopic data of 1-
[2- (allylamino) -1-methylethyl] thiocarbamide: 'H NMR spektrum: (CCLs,
6.m.h) 9.48;(2H,NH,), 7.21d(1H, NH), 3.22m(2H,CH;), 2.0lm (1H, NH),
2.64-2.89 d(2H,CH,), 1.50-3.03 m (1H,CH), 1.10 s (3H,CHs3), 1.10 s (3H,,
CH3), 5.15 m (1H-C-N- sis), 5.17m (1H;-C-N-trans), 5.83 m (IH-C-N). "*C
NMR Spektrum: 186, 52.0, 53.7, 55.5, 116.2, 134.2, 184.7.

The solution of 1- [2- (allylamino) -1-methylethyl] thiocarbamidereagent
was prepared by dissolving the requisite amount of AMTICin a known volume
of ethanol. More dilute solution of the reagent was prepared as required.

Phenanthroline (Phen )and a,0’ - dipyridine (o,0’ - dip)

1-10™ Msolutions of phenanthroline and a,a’ - dipyridine was preparing
by dissolving the requisite amounts of these substancies in distilled water and
ethanol(1:1).

Aqueous ammonia solution

A 100 ml solution of aqueous ammonia was prepared by diluting 10 ml
of concentrated NH; (28%—-30%) ACS grade with distilled water. The solution
was stored in a glass bottle.

EDTA solution

A 100 ml stock solution of EDTA (0.1% w/v) was prepared by dissolving
128 mg of ethylenediaminetetraacetic acid, disodium salt dehydrate in 100 ml
distilled water.

Other solutions

Solutions of a large number of inorganic ions and complexing agents
were prepared from their grade, or equivalent grade, water soluble salts.

RESULTS AND DISCUSSION

Ag(I) with 1- [2- (allylamino) -1-methylethyl] thiocarbamidethe rapid
reactsto form brownish-yellow complex and also it to form brownish com-
plexes in presence of phenanthroline and a,a’ - dipyridine solutions.

Absorption spectra

The absorption spectra of the Ag (III)- AMTIC is a curve with the max-
imum absorbance at 460 nm and an average molar absorption coefficient of
1.810% 1 mol™" ecm™ in aqueous media. The absorption spectra of the Ag(I)-
AMTIC- Phen and Ag(I)-AMTIC- a,0'-dipsystems is a curve with the maxi-
mum absorbances at 476 nm and 473 nm and average molar absorption coeffi-



cients of 2.5310* I mol™! cm ' and 2.3810* I mol ' cm™' in micellar media,
respectively (Figure 1).
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Fig.1. Absorption spectra of Ag(I)- AMTIC(1),
Ag(I)-AMTIC-a,0'-dip (2) and Ag(I)-AMTIC- Phen(3).

Effect of acidity. Of the various pH 0-12 studied, pH 5,0-6,0 found to be
the best acid for the Ag(I)- AMTIC system and pH 4,0-5,0 found to be the best
acid for the Ag(I)-AMTIC- Phen and Ag(I)-AMTIC-o,a'-dipsystemsat room
temperature (25i5)0C. The absorbance of the reagent solution and the all
systems depends on the medium pH; therefore, the absorption spectra are
studied relative to a blank experiment against the background of control
experiment (R and R+X), which was prepared in the same conditions.

Effect of time. The reaction is fast. Constant maximum absorbance was
obtained after 10 min for Ag (III)-AMTICsystem in aqueous media and 5 min
for Ag(I)-AMTIC- Phen and Ag(I)-AMTIC- o,0’-dipsystems in micellar media,
respectively. The reaction is fast. There were dilution to volume of systems at
room temperature (25+5)°C and remained strictly unaltered for 24 h.

Effect of temperature. The absorbance at different temperatures, 0—
80°C, of a 25 ml solution of all systems was measured according to the
standard procedure. The absorbance was found to be strictly unaltered through-
out the temperature range of 10-40°C. Therefore, all measurements were
performed at room temperature (25 +5)°C.

Stoichiometry. The component ratio in the complexes was found using
the isomolar series method, the relative yield method by Starik and Barbanel
and the equilibrium shift method . All the methods showed that the component
ratio were 1:2 in the Ag(I)- AMTIC system and 1:2:2 in the Ag(I)- AMTIC-
Phen and Ag(I)-AMTIC- a,a'-dipsystems.The number of protons displaced
upon complexation was determined by the Astakhovs method, and the indi-



cated component ratio in the complexes was confirmed.

Effect of the reagent andphenanthroline and a,a’ - dipyridine con-
centration. Different molar excesses of AMTICand phenanthroline and a,a' -
dipyridine were added to a fixed Ag(I) concentration and the absorbance was
measured according to the standard procedure. It was observed that a 1 mkg/ml
of silver metal (optical path 1 cm in length), the reagent and phenanthroline
and o,0’ - dipyridinemolar ratios produced a constant absorbance of Ag(I)-
AMTIC-Phen and Ag(I)-AMTIC- o,a'-dipsystems. For all subsequent meas-
urements, 2 ml of 2-10* M AMTICreagent and 4ml of 2:10™* M phenanthroline

and a,0’ - dipyridinewas added.

Table 1
Selected analytical parameters obtained by optimization experiments
Selected value
Studied Ag(D)- | Ag(-AMTIC- | Ag(I)-AMTIC-
Parameters range AMTIC Phen a,0' - dip
Wavelength,A . (nm) 200-800 460 476 473
Wavelength ,A,,(nm) - 440 440 440
pH 0-12 5.6 4-5 4-5
Time , h 1 -24h 5-10 min 5-6 min. 5-6 min.
Temperature ,°C 0-80°C 25+5°C 25+5°C 25+5°C
Ag(l): AMTIC:X 1:10- 10:1 1:2 1:2:2 1:2:2
Molar absorption coefficient , | - 1.82x10° 2.53x10° 2.38x10°
mol™ em™
Linear range, mkg ml” 0.01-10 0.234-2.31 0.168-2.242 0.176-2.232
1gB - 9.28 12.37 11.78
Sandell's sensitivity ,mkg cm™ 0.1-10 7 5 5
Relative Standard 0-5 0-2 0-2 0-2

Analytical performance of the methods

Calibration curve

The effect of metal concentration was studied over 0.01-100 mkg m 17/,
distributed in four different sets (0.01-0.1, 0.1-1, 1-10 mkg ml™") for con-
venience of the measurement. The absorbance was linear for 0.234-2.31mkg
ml™" of Ag (I) in the Ag(I)- AMTIC system and 0.168-2.242 mkg ml™" and
0.176-2.232 mkg ml™" of Ag (I) in the Ag(I)-AMTIC- Phen and Ag(I)-
AMTIC- a,0/-dipsystems, respectively. From the slope of the calibration graph
the average molar absorption coefficient was found to be 1.810* 1 mol™
for Ag(I)- AMTIC system and 2.53:10% I mol™' cm ™' and 2.38'10* 1 mol” 1 !
in the Ag(I)-AMTIC- Phen and Ag(I)-AMTIC- a,0’-dipsystems, respectively.
The selected analytical parameters obtained with the optimization experiments
are summarized in Table 1.

Precision and accuracy

The precision of the present method was evaluated by determining diffe-
rent concentrations of Ag (each analyzed at least five times). The relative stan-
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dard deviation (n = 5) was 0%—-2.0%, for 0.1-8 mkg of Ag(I), indicating that this
method is highly precise and reproducible. The Sandell’s sensitivity for Ag(I) were
found to be 6 mkg cm™ in Ag(I)- AMTIC system and Smkg cm”, 6 mkg cm™ in
the Ag(I)-AMTIC- Phen andAg(I)-AMTIC- a,0/-dipsystems, respectively.

Effect of foreign Ions

The effect of foreign ions oncomplexation of Ag (I) with AMTIC in the
absence and in the presence of third components.It was found that in the
presence of third partiesthe selectivity of the reactions of complexeducation in-
creases significantly (Table 2): these reagents are more selective forspectro-
photometric determination of nickelfor Ag (I) in comparison with the reagents
knownfrom literature [12].The effect of cations, anions and complexing agents
on the determination of only 1 mkg ml" of Ag(I) was studied. The criterion for
interference was an absorbance value varying by more than 5% from the
expected value for Ag(I) alone. The results are given in Table 2.

Table 2
Tolerance limits of foreign ions, tolerance ratio [Species(x)]/Ag (w/w)

Species x Ag(D)- Ag(I)-AMTIC- Ag(I)-AMTIC- [12]
AMTIC Phen a,0 - dip

Na(l) 230 305 280 100
K(I) 230 310 280 100
Mg(II) 280 360 340 100
Ca(Il) 280 360 340 20
Cr(11I) 265 350 350 200
Fe(11I) 70 90 90 25
Cu(Il) 90 110 105 50
Cd(ID) 210 300 290 50
He(ID) 220 325 310 50
Mo(II) 220 295 290 100
Co(1II) 270 350 340 100
Zn(10) 245 290 290 10
Be(11I) 210 270 270 50
Sn(1V) 85 140 135 10
Mn(II) 235 305 300 100
V(V) 70 120 105 10
Pb(II) 70 110 110 10
Ta(IV) 220 270 270 100
Ni(II) 110 150 130 100
Pb(II) 205 240 225 100
Cr 760 80 80 20
HCO; 290 370 360 100
02042' 250 280 280 100
EDTA 1500 1700 1700 1000
C4H,Os 1900 1300 1300 1000
CH;COO 60 80 80 1000
HP042' 150 180 170 20
CN 120 140 140 50
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Applications

The Ag(I)-AMTIC-a,0/-dipsystem was successfully applied to the deter-
mination of Ag (I) in a series of synthetic mixtures of various compositions
(Table 3).

Table 3
Determination of Ag(I)in synthetic mixtures
Proposed method ICP-OES
Sample Composition of Ag()mkg/ml | Recovery + | Ag(I)mkg/ml | Recovery
mixture (mkqg/ml) Added T Found® sb(%) Found + (%)
A | Ag 1.5 1.51 101£0.2 1.50 100 £0.2
2.0 2.02 102+0.2 2.01 101 £0.2
B Asin A + 1.5 1.52 102+0.3 1.51 101 £0.3
Cu®’(25)+ Fe*'(25) | 2.0 2.04 104+0.2 2.02 102 £0.2
C As in B+Mg* 1.5 0.51 101 £0.4 0.52 102+0.4
(25)+Co>" (25) 2.0 2.03 | 103+0.2 2.02 102 £0.2
D Asin C +Cr 1.5 1.48 97+0.3 1.49 97+0.3
(25)+Ca*" (25) 2.0 2.02 102 0.2 2.01 101 £0.2
E AsinD 1.5 1.49 98+0.2 1.495 99 +0.1
+K'(25)+Hg,>" (25) | 2.0 2.02 102+0.1 | 2.025 101 £0.1

*Average of five analysis of each sample
°The measure of precision is the standard deviation (s).

Determination of Ag (III) in synthetic mixtures

Several synthetic mixtures of varying compositions containing Ag (I) and
diverse ions of known concentrations were determined by the present method
using EDTA as a masking agent; and the results were found to be highly repro-
ducible. The results of synthetic mixtures analyses by the spectrophotometric
method were found to be in excellent agreement with those obtained by ICP-
OES. The results are given in Table 3. Accurate recoveries were achieved in all
solutions.

General Procedure

To synthetic mixtures samples of varying compositions containing 1-2
mkg ml” Ag (I) in 25 ml volumetric flask was mixed with 2 ml of 210" M
AMTICreagent solution and 4ml of 2:10a,a’-dipsolution followed by the
addition of 5 ml stock solution of EDTA (0.1% w/v). The mixture was diluted
up to the mark with pH 5 buffer solutions. After 5 min the absorbance was
measured at 440 nm against a corresponding reagent blank. The Silver (I) con-
tent in the synthetic mixtures sample was determined using a concurrently pre-
pared calibration graph.

Conclusion

In the present work, a simple, rapid, sensitive and selective methods was
developed for the determination of Ag(l)) in difficult sample matrices. There-
fore, this methods will be successfully applied to the monitoring of trace
amounts of Ag(I) in industrial and natural samples.
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YENIi SADO SPEKTROFOTOMETRIK USULLARLA GUMUSUN (I)
1- [2- (ALILAMINO) -1-METILETIiL] TIOKARBOMID iLO TOYINi

P.R.MOMMODOV, T.0.CAVADZADO, 9.R.SUCAYEV, F.M.CIRAQOV
XULASO

Gumiis (I) 1- [2- (alilamino) -1-metiletil] tiokarbomid (AMTIC) ilo siiratlo reaksiyaya

girorok gohvayi-sar1 rongli kompleks omologatirir vo hamginin fenantrolin vo a, a ' - dipiridin
istirakinda iso gohvayi rongli komplekslor omoalo gotirir. Ag (I)- AMTIC sisteminin isiq udma
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spektrindo maksimum 460 nm daga uzunlugunda miisahido olunurvo molyar udma omsallt
1.82:10* 1 mol™" sm™" borabardir. Ag(I)-AMTIC- Phen vo Ag(I)-AMTIC- a,0/-dipsistemlarinin
istiq udma spektrlorindo maksimumlar 476 nm vo 473 nm dalga uzunluglarinda miisahido
olunur vo molyar udma omsallar1 iso uygun olaraq 2.53'10* 1 mol™' ¢cm™ and 2.3810* 1 mol™
sm ' giymotlor alir. Optiki sixhigin xottiliyi Ag (I) iigiin 0.234-2.31 mkg ml™' miqdar interva-
linda Ag (IIT)- AMTIC sistemindo vo 0.168-2.242 mkg ml 've 0.176-2.232 mkg ml™"" miqdar
intervallarinda iso uygun olaraq Ag(I)-AMTIC- Phen vo Ag(I)-AMTIC-a,0'-dipsistemlorindo
miisahido olur. Toklif olunan metodikalar giimiistin(I) bir neco sintetik qarisiqlarda toyinindo
ugurla totbiq olunmusdu. Nisbi standart kenara ¢ixma Ag (I) tayini liglin 0% -2.0% olmag1, bu
iisullarn yiiksok doqiqliyinin vo tokrarliginin oldugunu gdstorir. Alinan naticolor induktiv ola-
goli plazma optik emissiya spektrometriyasi (ICP-OES) iisulu ilo sintetik qarisiq niimunslorin
analizinin naticalori ilo miiqayise edilmisdi.

Acar sozlor: spektrofotometrik, Ag (I), toyin, 1- [2- (alilamino) -1-metiletil] tiokarba-
mid, fenantrolin vo a, o' - dipiridin.

HOBBIE TPOCTBIE CHEKTPO®OTOMETPUYECKHUE METO/bI
JUIAA ONPEAEJTEHUE CJIEJOBBIX KOJITMYECTB CEPEBPA (I)
C UCITOJIb30BAHUEM 1- [2- (AJUVIMVIAMUHO) -1-METWIETWJI] THOKAPBAMMJIA

II.P.MAMEJIOB, T.A.IXKABAJ3AJE, A.P.CYJKAEB, ®.M.YNPAT'OB
PE3IOME

Cepeobpa (I) ¢ 1- [2- (a;mmmnamMuHO) -1-MeTHIAITUII| THOKapOaMHUIOM OBICTPO pearupyeT
¢ 00pa3oBaHHEM KOPUYHEBATO-KEITOr0 KOMIUIEKCA, a Takke ¢ 00pa3oBaHHEM KOPUYHEBATHIX
KOMIUIEKCOB B npucyTcTBuM (enantponuna (Phen) u o, o' - nunupuaus (o, o ' -aun). Criek-
Tpb! ornomeHus cucteMsl Ag (I) - AMTIC npeacraBisioT co60ii KPUBYIO ¢ MAaKCHMAaJIbHBIM
norsomenyeM npu 460 HM ¥ MOIAPHBIM Kod(duiuenTom noromenns 1,8 - 10% 1 moms ' cm
~!. Cnexrtpsr nornomenus cuctem Ag (I) ~-AMTIC-Phen u Ag (I) ~-AMTIC - «, o-aun mpen-
CTaBIISIOT COOON KPUBYIO C MAKCHMAIBHBIMA 3HAYCHUSAMH MOTIIOMICHUS TIpu 476 HM 1 473 HM
¥ MOIAPHBIMH Koddduimentamu normomenns 2,53 - 10* . moms™ ev™ 1 2.38.10* 1 moms™ em
! cooTBeTCTBEHHO. [Mornomenue 6put0 MHHEHHBIM T 0,234-2,31 Mir / M1 Ag (I) B cucteme
Ag (I) - AMTIC u 0,168-2,242 mxr / M u 0,176-2,232 mxr / Mt Ag (I) B cucteme Ag (I). (I) -
AMTIC- Phen u Ag (I) -AMTIC- 0, o/-murncucTeMbl COOTBETCTBEHHO. [Ipe/ioyxKeHHbIE METO-
Il OBUTH YCIICITHO MCIOJB30BaHBI Ipu ompeneneHud Ag (I) B HECKOIBKHX CHHTETHYECKUX
cmecax. OTHOCHUTENBHOE CTaHAAapTHOE OTKIOHeHHe (n = 5) coctaBmsuio 0% —2,0% mis Ag (D),
YTO YKa3bIBAaeT HA BBICOKYIO TOYHOCTh W BOCIPOM3BOIMMOCTBH 3THUX METOHOB. [lomyueHHBIE
pe3yIBTaThl XOPOIIO COTIACYIOTCS C 00pa3lilaMH CHHTETHYECKHX CMEcel, MpoaHaTu3upOBaH-
HBIMH METOJIOM OITHYECKOH 3MHCCHOHHOH CIIEKTPOMETPHH C MHAYKTHBHO CBS3aHHOM IUIa3-
Mot (ICP-OES).

KuaroueBbie cioBa: cnekrpodortomerpuueckuii, Ag (I), onpenencuue, 1- [2- (ammuna-
MHHO) -1-MeTHIITHII| THOKapOaMua, ()EHAHTPOJIMH U O, O ' - AUIHPHIUH.
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