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A new efficient spectrophotometric method has been elaborated for determination
of copper (1) ions using 2,6-dimethyl-4-mercaptoquinoline (R) as the analytical
reagent. It has been established that the molar ratio between the reactants is Cu(ll) : R
=1 : 2. The conditions for copper (I) complexation, including the effects of pH,
reagent and copper (I1) concentrations, and reaction duration have been studied. It has
been shown that resulting complex possesses intense absorption in the visible region
at a wavelength of 440 nm.

It has been also shown that the system obeys Bouguer—Lambert-Beer law over a
concentration range of 0.032—0.8 mg/25 mL (1.28-32 ug/mL). The average value for
molar absorption coefficient is 9460. The influence of extraneous ions has been
studied. The method has been successfully applied for copper determination in a
standard bronze sample.

The proposed reagent was shown to possess high sensitivity and selectivity
compared to well-known sulfur containing reagents.
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Introduction. The determination of copper (I1) in natural, technological and
biological objects remains one of the actual problems of the analytical chemistry.
This is due to its important biological role and the toxicity at higher concentrations
[1,2].

Highly-sensitive instrumental methods, such as atomic absorption spectro-
metry and inductively coupled plasma spectrometry, are widely used for quantitative
analysis of copper [1, 3].

However, spectrophotometric methods retain an important place owing to
their simplicity, availability and possibility to realize the analysis procedure without
the use of complex scientific equipment [2].
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The choice of organic analytical reagent is a key factor for improving
sensitivity and selectivity of spectrophotometric determinations. The most prospec-
tive are compounds containing nitrogen and sulfur donor atoms, which are able to
form stable complexes with copper (l1) ions [3, 4]. According to the concept of hard
and soft acids and bases, copper (I1) ions show a high affinity towards soft donor
atoms of sulfur and it causes high efficiency of sulfur-containing ligands [4].

In recent decades, reagents of the thiosemicarbazone family are widely used
for spectrophotometric determination of copper (1) [5-7]. It has been estimated that
these compounds form intensively colored complexes obeying Bouguer—Lambert—
Beer law within a wide range of copper (I1) concentrations [5, 6]. The possibility of
using such compounds in analyses of real objects, including food and biological
systems, has been confirmed in later studies [7]. Nevertheless, such reagents cannot
provide sufficient selectivity in the presence of concomitant metal ions.

An alternative approach is the use of sulfur-containing heterocyclic
compounds, including thiodiazole and other S-donor ligands [8, 9]. These reagents
are able to form stable chelate complexes with copper (II) ions, and it provides to
reach lower detection limits, particularly when using preliminary concentration
methods [9].

Current studies (2020-2025 years) are directed to the creation of
new chromogenic systems with improved analytical characteristics. Particularly,
it has been shown, that the introduction of thiol (mercapto-) group to the organic
ligand molecule promotes the strengthening of complexation with copper (lI)
ions and rises the sensitivity of determination [10]. Such compounds are
characterized by high molar absorption coefficient and pronounced spectral changes
when interact with copper (1) ions.

In recent years, quinoline derivatives, containing mercapto-group, which
forms efficient N,S-donor systems have attracted special interest. Owing to the
presence of aromatic m-conjugated electronic system and donor systems, such
compounds are able to form stable intensively colored complexes with copper (1)
ions. A sensor based on a mercapto-quinoline fragment has been described in [8],
and possesses high sensitivity copper determination using spectrophotometric and
fluorimetric methods.

It is necessary to mark in addition the development of applied spectro-
photometric analytical methods during the last years. So, new methods are proposed
for copper (Il) determination in aqueous systems and technological solutions,
differing by their good reproducibility and availability for practical application
[9, 11]. New combined analytical systems have also been elaborated, including
copper (1) complexes with other organic reagents (for example, bathocuproine),
used in indirect spectrophotometric analytical methods [12].

Despite the large number of proposed reagents, the use of simple derivatives
of mercaptoquinoline for the spectrophotometric determination of copper has been
not studied enough. The literature data witness high potential of such compounds as
sensitive and selective reagents [8, 10], however, there are practically no systematic
studies in this direction.
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Thus, the synthesis and investigation of 2,6-dimethyl-4-mercaptoquinoline an
analytical reagent for the spectrophotometric determination of copper (I1) is an actual
problem directed to the creation of new efficient analytical methods.

Materials and Methods.

Reagents and Solutions. Copper (1) solutions were prepared by solving of
recrystallized CuSO. - 5H,0 in distilled water. Working solutions were prepared by
diluting the initial solution.

2,6-Dimethyl-4-mercaptoquinoline (R) was synthesized using a well-known
procedure at the Department of Organic Chemistry at Yerevan State University [13],
and the working solution was prepared by dissolving a weighed sample in ethanol.
The acidity was regulated using diluted solutions of sulfuric and hydrochloric acids.

Methods. The absorbance values of the solutions were measured using M550
Double Beam Scanning UV spectrophotometer in 1 cm length quartz cuvettes.

The reagent solution and acid were added to the Cu(ll) aliquot solution.
The volume was adjusted to the mark by distilled water. After 5 min the absorbanse
was measured at 440 nm compared to the blank.

Results and Discussion. It was established by qualitative reactions that when
adding R solution to the copper (II) solution, the whole solution turned red,
indicating a chemical reaction with the formation of a new chemical compound.

To confirm this, the following studies were carried out: obtaining spectra for
all components, determining optimal reaction conditions (concentration of R,
optimal pH range, concentration limitations when absorbance is submissive
Bouguer—Lambert—Beer law, the molar ratio between Cu(ll) an R in the resulting
complex, and the influence of accompanying elements).

The UV-Vis spectrum of the complex obtained is presented in Fig. 1.
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Fig. 1. UV-Vis spectrum of the obtained colored complex:
1.0 mL of 5-10° M Cu?*;3.0mL of 510°MR;1=1cm;V=25mL.

In the stage, the optimal concentration of the reagent was determined, at which
maximal and stable values of absorbance were reached. The absorbance was
measured at 440 nm. The data obtained are presented in Fig. 2.
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One can see from Fig. 2, that constant and maximal values are obtained using
at least a 2.5-fold excess of the reagent compared to copper (I1). Based on this, a
threefold excess for all subsequent experiments was used.

To determine the optimal pH range, the series with constant concentration of
Cu(ll) and reagent were prepared: 0.5 mL of 5-10° A solution of Cu(ll) and
1.5 mL of 5-107 M solution of R. By adding different amounts of sulfuric and nitric
acids we change the pH values in solutions. The dependence of absorbance on the
sulfuric acid concentration is presented in Fig. 3. One can see that the absorbance
of the resulting complex in the presence of sulfuric acid is constant up to 1.5 M.
In more concentrated acidic solutions de-colorization takes place.
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Fig. 2. Determination of the optimal concentration Fig. 3. Determination of the optimal
of R 0.5 mL of 5:103M Cu (II), [R] = 5-10-3M. concentration of sulfuric acid.

It is known from literature that the color of compounds develops and reaches
its maximum value immediately after adding the reagent. There are also cases where
for developing the color a certain time interval is required. In our case, a colored
complex was obtained and its absorbance was measured immediately after formation
and within different time intervals. It was established that color develops and reaches
its maximum value immediately and remains constant during 24 h after preparation.
It allows measurements to be taken immediately and over a long period of time.

We determine the copper (Il) concentration limits that obeys the Bouguer—
Lambert—Beer law.

Data of for the determination of complex composition using the isomolar series method

1-10°3 M Cu?, mL 1 2 3 4 5 6 7 8 9
1-10° M R, mL 9 8 7 6 5 4 3 2 1
Abs 0.29 | 0.62 0.61 0.53 0.41 0.33 023 | 015 | 01
5-10-% M Cu?*, mL 1 2 3 4 5 6 7 8 9
510 MR, mL 9 8 7 6 5 4 3 2 1
Abs 0.19 | 0.38 0.38 0.31 0.23 0.17 0.1 0.05 | 0.02
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The concentration range was 0.032-0.8 mg/25 mL (1.28-32 ug/mL). The
average value for molar absorption coefficient is 9460.

The composition of the resulting complex of copper (1) with reagent was
studied using the well-known isomolar series method. It is necessary to provide the
following conditions: V(Cu) + V(R) =V = const and C(Cu) + C(R) = C = const [14].
The experimental data for two different concentrations of copper (II) and R are
presented in the Table and Fig. 5.

The composition of the complex corresponds to copper (II) : R=1: 2.
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Fig. 4. Determination of the composition of resulting complex by means of iso-molar series method:
1) [Cu?1=[R]= 1103 M; 2) [Cu*] = [R] =5:103 M.

It is necessary to mention, that the study of complex composition by means of
“saturation method” also fix copper (II) : R =1 : 2 ratio. So, the reaction of Cu(ll)
with 2,6-dimethyl-4-mercaptoquinoline may be presented as follows:

Cu* + 2HR = CuR; + 2H".

The evaluation of the influence of different ions on copper (I1) determination
showed that alkaline and alkaline-earth ions do not interfere, whereas some transition
metal ions (Fe**, Co?", Ni**) interfere it. To avoid such interference, one need to use
different masking agents, such as EDTA, fluoride or citrate ions.

2,6-Dimethyl-4-mercaptoquinoline was used for determination of copper in
bronze standard sample Ne 831, in which copper content was 65.55%.

Analysis Procedure. 5 mL of strong nitric acid was added to the two bronze
samples 0.1 g each. After dissolving samples, distilled water was added and the
solutions were left for several hours. After one day, the solutions were filtered
through twin filter. The filtrates were undergone de-nitration, using strong sulfuric
acid until SO3 vapors were released, then the process was continued up to obtaining
wet salts. Latest was dissolved in distilled water and diluted up to 100 mL in a
volumetric flask.
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Then, three parallel samples (1 mL and 2 mL each) were placed in 25 mL
flasks. After this 10 mL of 5-10-3 M reagent solution was added, diluted by distilled
water up to mark, and the absorbance was then measured at 440 nm.

The copper (I1) content was determined by means of calibration curve.

The corresponding calculations showed that copper content in the bronze
standard sample was 66.0%. The absolute error of the determination is +0.45%, and
the relative error is +0.69%.

The results obtained confirm that 2,6-dimethyl-4-mercaptoquinoline forms a
stable complex with copper (1) ions, characterized by highly intensive absorption at
440 nm, and can be used as a new, efficient reagent for the spectrophotometric
determination of copper. The use of masking methods may lower the influence of
extraneous ions and increase selectivity of the determination.
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2,6-+bUG-PL-4-UG rUUNSNLhLALDLL
nensu vae dvdLhShuidyidyv N6UAELS MhLdD)-h
uncusS/~uLNrueuouyuv NrAcUUdL <uuur

2,6-Yhitiphi-4-dtpuuwwmnphtnhipn (R) oquuugnpdytp L npubtu Gnp
wbhwhwhjuubt ntwghtn wnioa (1)-h vybupunruwswthujut npnydwb
hwdwn: Mupqyty £, np wnwewgnn Yndygtipult nibh Juubnid 440 &d withph
tpupnipjut mwl: Unughtt  hwpwptpulgnipnibbiph L hgninuyht
winptinh tnutwtipny hwuwmwny b E, np thnpuwugnnn punuingphsdiph dnpuyght
hwpwpbpuwlgnipnip’ ynhta (1) :R=1:21%:

NMuunitwuhpyty &b wynhta (1)-h Yndyipuignjugdut wuydwbbbtpp.
ntiwglitinh wthpwdtyn Ynighiimpughwt, pH-h wgqnbtignipynibp, Yndwytipuh
gnytth qupqugniip dudwbuyh dbe: 8niyg £ mpyty, np hwdwljupgp kpupy-
ynid E Pnigbip-—Lwdptpn—Rtph optiiphtt Ynbghmpughuyh 0.032-0.8 1q/25 )
(1.28-32 uilyg/ly) mhpnyenid: Ypudwd dnjuyht gnpdwligh dhohtt wpdtipp 9460 t:

Nuunitwuhpdly ' powbiqunhy hniittiph wgntignipyniiin:  (Rwgtinp
hwonnnipjuip Jhpundl £ wbwquuynbéh (ppniigh) vnmwbnupm  tdngpnid
wnbah npnpuwl hundwip:

Uwuwgnigyty £, np wowowpynn ntwghlinh odmjwd L pupap
qquyniimipyudp b pmpnujubn pyudp” hwdbdwnmmd §6n1dp wupnibwlinn
huwynth ntiwgtitin@iiph htin:

I'. T. JAPBUHSAH, U. A. AJJEKCAHSH, A.T. XAYATPSH

2,6- IUMETUJI-4-MEPKAIITOXUHOJIMH
KAK HOBBLIM AHAJIMTUYECKHUU PEAI'EHT JIJIA
CIIEKTPO®OTOMETPUYECKOI'O OITPEAEJIEHUA MEOU (1)

Pazpaboran HOBBIH ciekTpooToMeTpudeckuii MeTo 1 onpeaeneHus meau (11)
C UCIOJNB30BaHUEM 2,6-mumeTmii-4-mepkantoxuHonmaa (R) B kauecTBe aHaIMTH-
YECKOro peareHra. MeTrogaMu MOJBHBIX OTHOLIEHWH M H30MOJIIPHBIX CEpUH
YCTaHOBJICHO MOJIBHOE COOTHOILIEHHE pearupyronux kommnoneHToB meap (1) : R =
1 : 2. Uzyuens! ycnoBus KomiuiekcooOpazoBanust meau (I1I) ¢ pearentom, BKItouas
BIHsiHUE pH, KOHIIEHTpaIK peareHTa 1 BpeMEeH! PEeaKIny.

YcTaHoBIeHO, 9TO 00pa3yIONIUiicsl KOMIUIEKC XapaKTepHU3yeTCsl HHTEHCHUB-
HBIM TOIJIOLICHHEM B BHJIMMOHN OOJIACTH CHEKTpa ¢ MakcuMyMoM mnpu 440 um.
ITokazaHno, 4T0 cucTeMa nmoauanHsIeTcs 3aKoHy byrepa—Jlambepra—bepa B quamnazone
konnenTparmii 0,032-0,8 ym2/25 mn (1,28-32 mke/mn). CpenHee 3HaUEHHE MOJISPHO-
ro koadduuuenrta nornouieHus pasHo 9460. McciaenoBaHo BIUSIHUE TOCTOPOHHUX
MOHOB. MeToA yCHenHo NpuMeHEH IS OTIpeiesIeH s MeU B CTAaHIapTHOM 00pasie
Opon3sl. [lokazaHo, 9TO PEUIOKEHHBIN peareHT 00JIafjaeT BRICOKON TyBCTBUTEIb-
HOCTBIO M CEJIEKTUBHOCTBHIO IO CPAaBHEHHWIO C HW3BECTHBIMH CEPOCOIEepPKAIIUMHU
peareHTamu.



