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One of the inalienable steps in manufacturing of functional materials is the operational
control of traces of toxic heavy metals such as Fe(lll) and Co(ll) which are present in industrial
waste water. The optimal variant for requirements of the analysis in-situ and "green chemis-
try” is using of environmentally friendly sorbents for preconcentration with simple procurable
and portable equipment. Colorimetric characteristics of colored components on the example of
thiocyanate complexes of Fe(lll) and Co(ll) by means of digital RGB-colorimetry have been
studied. Algorithm for the colorimetric determination of each of the said components at their
joint presence in water using measurements of only three color parameters of the colored
mixture was developed. Separation factor of the analytical signal is estimated.

Keywords: color complexes mixture, digital RGB-colorimetry, separate determination,
iron; cobalt, polyurethane foam.

OIHUM M3 HeOTLEMJIEMBLIX 9TAIlOB IPHU IPOU3BOACTBE PYHKIIMOHAJILHEIX MATEPUAJIOB SBJIAET-
csl OMEPATUBHEBIM KOHTPOJb MUKPOIPUMECE TOKCUYHBIX TA/KEeIbIX MeTa/ioB, Takux kax Fe(lll)
u Co(ll), xoroprle NPHUCYTCTBYIOT B IIPOMBILLJIEHHLIX CTOYHBIX Bomax. Hawmbosee oNTHMAaILHBIM
BAPUAHTOM, YIOBJICTBOPAMOINVM Tpe0OBaHMAM AaHAIM3a Ha MecTe oTGopa IIPoGBI M ' 3eJIeHOon”
XUMUY, ABISAETCH MCIOJb30BAHNE SKOJOIMUYECKU UYMCTbIX COPGEHTOB IJid IIPeABAPUTENILHOTO
KOHILIGHTPUPOBAHUA BMECT€ € [POCTHIM, [OCTYIIHBIM M IHOPTATUBHBIM O0OPYIOBaHMEM. Bbliau
MBYYeHbl I[BETOMETPUYECKIE XAPAKTEPUCTUKY OKPAIICHHBIX KOMIIOHEHTOB Ha IIPUMepe THUOIMA-
natubix xomiuiekcoB Fe(lll) u Co(ll) ¢ momowsro mudposoii RGB-useromerpuu. PaspaGoran
ITOPUTM I[BETOMETPUUYECKOIO OIPEeIeIeHs KAMIOr0 U3 YKASAHHBIX KOMIIOHEHTOB IIPU HUX
OJHOBPEMEHHOM IIPUCYTCTBUM B BOJAE C KCIIOJb30BAHMEM WH3MEPEHUN TOJBKO TPEeX IIBETOBBIX
[apaMeTpoB oKpalieHHol cmecu. OneHeH GaKTOP pasmeJeHud AHAJIUTHUYECKOrO CUIHAJA.

Mo:xaUBOCTI PO3AIIBHOTO BU3HAYEHHS 3a0aPBJEHNX KOMIOHEHTIB y IX cymimnri 3 BHKO-
puctramaam mudporoi RGB-komomerpii. C.B. Xuwmueunrxo, JI.II. Ewxcnepiandosa.
OxuuM 3 HeBif eMHUX eTamiB mpu BUPOOHUITBI QYHKIIOHATLHUX MaTepianiB € omepaTuBHU
KOHTPOJb MIKpOAOMINIOK TOKCMUYHMX Baskkux Meranis, Takux sk Fe(lll) i Co(ll), sxi npu-
CYyTHI B IPOMHCIOBUX CTiUHUX Bogax. HafonmTuMaJbHIiIIIMM BapiaHTOM, IO 3aJ0BOJLHI219
BUMoOraM aHajisy Ha Micii Bif6opy mpobu i "sememoi” ximii, € BUKOpPHUCTAHHS €KOJOTIUHO
YUCTUX COPOEHTIB AN MOMEepeIHLOTO KOHIEHTPYBAHHS PasoM 3 MPOCTUM, JOCTYIIHUM i mop-
TATUBHUM OOJATHAHHAM. DyJu BHUBUEeHI KOJLOPOMETPUYHI XapaKTEePUCTHUKMU 3a0apBIIeHUX
KOMIIOHeHTiB Ha npukaani tiomiamaraux xomimiercis Fe(lll) i Co(ll) sa momomorow mudposoi
RGB-koabopomeTpii. Po3pobiieHo ajropurM KOJLOPOMETPUUYHOIO BU3HAUEHHS KOMKHOTO i3
3a3HaYeHNX KOMIIOHEHTIB IIpH iX OZHOUYACHI IIPUCYTHOCTI y BOAL 3 BUKOPHUCTAHHAM BUMIipIO-
BaHb TIIBKHU TPHOX KOJIpHMX Iapamerpis sabapsienol cymimi. Omineno gaxTop posiiieHHsa
AHANITHYHOrO CUrHAJY. Ha IiHomojaiyperani. IIpaBuabpHIiCTL METOAMKM TAKOTO PO3ILIBHOTO
BU3HAUCHHSA IIePEBipeHa HA 3pa3Kax IPUPOLHO BOLH 34 CXEMOI ' BBEICHO-3HAUICHO .
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1. Introduction

One of the inalienable steps in the func-
tional materials manufacturing is the opera-
tional control of toxic heavy metals trace in
industrial waste water. In particular, in the
waste water of such manufacturing the
traces of contents of Fe(lll) and Co(ll) can be
presented which are normalized. The known
instrumental methods for determination of
the heavy metals in water (ICP-AES, AAS)
are associated with the use of very expen-
sive equipment that is not readily available
for ordinary laboratories, as well as it is not
applicable at the non-laboratory analysis.
The other methods involve the using of
toxic organic extractants which is making
their using dangerous to the environment.
The optimal variant for the analysis in-situ
is using of environmentally friendly sor-
bents for preconcentration in combination
with a simple, as well as procurable and
portable equipment.

Chemical digital colorimetry (color meas-
urement) as an instrumental method of
analysis has broad capabilities and signifi-
cant advantages for determining of colored
compounds. One of the most important and
difficult analytical problem in the col-
orimetry is the separate determination of
the colored substances in their mixture.

Unlike optical spectroscopic methods, in
particular, spectrophotometry or diffuse re-
flectance spectroscopy (DRS), the digital
colorimetry does not give data on the spec-
tral characteristics of the colored sub-
stances, but characterizes the color by
means of set of several numerical parame-
ters. The coloring substance in spectro-
photometry corresponds to wavelength of
the maximum of light absorption in spec-
trum. In the colorimetry the coloring sub-
stance is determined by the dominant wave-
length characterizing wavelength pure spec-
tral color on the graph of CIE 1931
(Commission Internationale de 1’Eclairage)
[1-3]. Sometimes as parameter characterizing
the dominant wavelength is used the hue
measured in degrees or nanometers [1].

The authors of [4—7] developed practical
ways of the separate colorimetric determi-
nation of elements in a mixture of the sor-
bed colored complexes which are distin-
guished by the color tone. For this purpose,
the definition of the color parameters AL
(change in of lightness), AS (change in satu-
rated) and color coordinates A, B (in the
system CIE LAB, 1976), the authors of the
cited study used data from the DRS re-
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ceived by them with the help of stationary
colorimeter "Spektroton”. However the com-
plexities of the equipment and the sub-
sequent calculation algorithm of the color
characteristics from the diffuse reflection
spectrum do not allow the rapid determina-
tion of the colored components of mixtures
in place of sampling.

The basis of the separate colorimetric de-
termination of colored compounds is the
principle of vector addition of analytical
signals. And different color parameters, for
example, AL and AS serve as these signals.
The vector addition of the analytical signals
(for example, the color parameters AL or
AS) is the basic principle for the separate
colorimetric determination of the colored
compounds. It is known that AL and AS
values have linear dependence on concentra-
tion of the colored compound and their pro-
portional increasing or decreasing is ob-
served only in the area of linearity of A and
B values [6, 7]. Unlike the CIE LAB system
characterizing by two selective parameters
(A, B) and one non-selective parameter (AL),
all the RGB system parameters (Red, Green,
Blue) are selective and depend on the col-
ored compound concentration. Another ad-
vantage of the RGB system is the possibility
of instrumental (digital) color coordinate
measurement with the high accuracy with-
out using diffuse reflectance spectra. It
makes the use of the RGB system perspec-
tive for the mixtures analysis because of
completeness of the separate determination
of colored components depends on the meas-
urement error of the analytical signal [5]. It
is not unimportant that portable digital de-
vice application in such a case gives the
opportunity to carry out the analysis in the
field conditions. Note, the RGB system ap-
plication for the separate determination of
colored microimpurities has not been re-
ported in the literature.

The aim of the present work is to test
the possibility of colorimetric separate de-
termination of colored components in their
mixture on the example of a model mixture
of thiocyanate of Fe(lll) and Co(ll) using
three-color digital RGB-colorimetry and its
comparison with the known DRS method
which is used for this purpose.

2. Experimental

2.1. Apparatus and software

The color RGB coordinates of samples of
polyurethane foam (PUF) were measured
and digitized by means of portable reflec-
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tometer-colorimeter developed by Analytical
Optochemotronics Lab of Kharkiv National
University of Radioelectronics [8]. The re-
flectometer was calibrated using the etalon
BaSO, for diffusion reflectance spectrome-
try as a standard of white color before the
RGB measuring. The PUF tablet was placed
on the reflectometer glass slide, pressed by
the heavy white Teflon plate and it was
obtained average values of luminance of
channels R, G, B, which are displayed in a
dialog window of the software developed by
the manufacturer of the mentioned reflec-
tometer. Then by least squares there were
calculated coefficients of equations for cali-
bration dependences of luminance of chan-
nels R, G, B on concentration of Fe(lll) and
Co(ll).

Measuring the diffusion reflectance spec-
trum coefficients was carried out on DFS
add-on for SF-2000 Bio spectrophotometer
with SFScan software. The diffusion reflec-
tance coefficient R;, measured against to
the blank sample containing no analyte
served as the analytical signal. Concentra-
tions of Fe(lll) and Co(ll) were found from
the equations of the calibrate dependences
of R; on concentration of the corresponding
element.

2.2. Reagents

There were used bidistilled water and the
reagents of chemically pure grade to pre-
pare solutions. The standard solutions
(Fluka, Switzerland) of 1.00 g-L~1 of Co(ll)
and Fe(lll) in 0.001 mol'L~! HNO; were used
as initial solutions. Working solutions were
prepared from the initial solutions by dilut-
ing ones with HNOj; (Merck, Germany) of
the same concentration. There were used
also solutions of 1.5 mol-L™! KSCN (Fluka,
Germany) and 2 molL™! H,SO, (Merck,
Germany). Solution of KSCN was prepared
by dissolving the precisely weighed salt in
water.

As a sorbent, we used ether-based PUF
of 22-3.0 type. PUF tablets with diameter
of 16 mm and 0.025 g were stamped with
metal punch from PUF plate with 5 mm
thickness. Then tablets were purified by
means of their keeping in 1 mol-L™1 H,SO,
(Merck, Germany) during 1 h and washed
with water till obtaining neutral pH and
dried in air. The washed tablets were com-
pressed using a glass stick and the rest of
the solution removed with filter paper and
dried on air.

2.3. Preconcentration procedure
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Color comparison scale was prepared ac-
cording to the known techniques [9, 10].
The analyzed solution with the determined
component and required reagents for forma-
tion of colored complexes were placed in
50 ml beaker. Then each beaker was added
with the PUF tablet prepared as described
above and air bubbles were removed by
pressing with a glass stick. The obtained
solution was stirred for 30 min by means of
magnetic stirrer. Then the tablet was re-
moved from the solution, squeezed with a
glass stick, the rest of the solution was re-
moved with filter paper and dried in air.

Statistical processing of the measured re-
sults was carried out according to the rec-
ommendations [11, 12].

3. Results and discussion

3.1. Separate Fe(lll) and Co(ll) RGB-deter-
mination in the model solution

Colorimetry as a physical method of
chemical analysis is based on determination
of substance concentration by absorption of
the light by solutions. In contrast to the
physical method of colorimetry, digital
image colorimetry is based on measurements
of color characteristics (color coordinates)
of colored components or their images, for
example, by means of three-color digital col-
orimeters.

There were studied the PUF color scales
containing sorbed Fe(lll) and Co(ll) thiocy-
anate complexes of red and blue color corre-
spondingly [9, 10], as well as the scales con-
taining the mixture of these complexes
(Fig. 1). Separate visual determination of
these elements in their colored mixture is
difficult, because eye can not simultane-
ously separate and quantify the two color
constituents on the scale. Often resort to a
preliminary chemical masking of one of the
elements, but this procedure complicates the
analysis. However, because of the thiocy-
anate complexes of Fe(lll) and Co(ll) differ
in color, we can pick a pair of common
identical parameters RGB, which changing
with increasing of concentration of the
studied elements. For the system of Fe(lll)-
Co(ll) such parameters are R and G.

To use proposed by the authors [4-T7]
principle of vector addition of the color
characteristics for the colorimetric separate
determination of these elements, it was nec-
essary to evaluate the linearity of changes
in the parameters R and G on the whole
range of detectable concentrations and to
determine the factor of separation of the
analytical signal.
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Fig. 1. Color scales containing thiocyanate
complexes of Fe(lll) and Co(ll) sorbed on PUF.

Usually concentration dependences of the
color coordinates R, GG, B are not linear, and
often exponential [13, 14]. The same phe-
nomenon we found also for Fe(ll)-Co(ll) sys-
tem. Using the inverse function 7F71(C)
(where f = R, G, B) allowed to linearize the
specified dependences in a sufficiently wide
concentration range. A similar technique of
the linearization was used in [12] for de-
pendence of the relative standard deviation
(RSD) on the inverse concentration (C~1) of
analyte in solution. Fig. 2 shows the color
R1-G71 diagram with the linearized con-
centration dependences. One can see that
the concentration range of linearity of these
dependences for Fe(lll) and Co(ll) are of
0.01-0.21 and 0.05-1.05 mg-L!, corre-
spondingly.

As a criterion for completeness of signal
separation the authors of [4—7] used factor
of separation analytical signal o, which we
in the case of analysis of the mixture Fe(lll)
and Co(ll) evaluated using equations (1) pro-
posed in these works:

o = 2l = el &Y
|kFe| + |kCo| ’

where 0 <o <2, kg, and kg, — slope ratio
of change of the color coordinates in cali-
bration equations of vs. the Fe(lll) and Co(ll)
concentrations respectively. The factor of
separation (in degrees) was calculated using
equations (2):

B = larctgkp, — arctgecy- (2)

Values of slope ratio in the equations of
color coordinate change AR NC)-AG1(C)
were found as kpg = 2.94 and kg, = 0.12 for
Fe(lll) and Co(ll), respectively. The separation
factor of the signal for Fe(lll) and Co(ll) was
found of o= 1.7 or in degrees of [ = 53.6°
(equations 1, 2). Obtained are the values of
o=1 and B > 25 corresponding to the val-
ues of the factors of colorimetric separation
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Fig. 2. Diagrams of color parameters Rl — G1
with linearized concentration dependences for
Fe(lll) and Co(ll) thiocyanate complexes and
their mixture.

o and B for satisfactory separation of the
components which are given in the publica-
tions [4, 6, 7] with colorimeter "Spektro-
ton”. In the same article it was notised that
the criteria for satisfactory separation of
the signal o and [ depend on error of the
color coordinates measurement. So it is un-
derstandable why the measurement accuracy
of the analytical signal, as mentioned above,
influences on the completeness of the digital
colorimetric separation. In this study the
measurement results of any of the channels
R, G, B characterized RSD 0.01-0.04 for the
entire range of concentrations.

Note, however, that more rigorous and
at the same time universal assessment of
the effectiveness of such a separation would
be more correct to do on the basis of statis-
tical criteria, for example, such as recom-
mended for evaluating the limits of deter-
mination and detection [12]. Apparently,
the role of this criterion may perform the
summary value of relative standard devia-
tion of the measured signal that not exceed-
ing 0.33, above which the separation ceases
to be quantitative.

Next, using the law of vector addition of
analytical signals [4, 6, 7], we obtained a
system of the 4t order nonlinear algebraic
equations (3) and (4).

AG™2=(2.00- 1073Cg,)? + (3)
+(5.09 - 1076 + 4.53 - 1075C,)2,

AR2=(6.83- 1074Cg,)? + (4)
+(1.83- 1075 + 3.65 - 10-4C,)2,

Functional materials, 23, 3, 2016
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Table 1. Analysis results obtained by means of digital RGB-colorimetry and DRS for Fe(lll) and
Co(ll) in the model solutions (P = 0.95; n = 5)

No. Cadded’ Cadded’ Cfound RSD Cfound RSD Cfound (DRS)’ RSD %'ound RSD
mg-L7! {mgL71| (RGB), (RGB), mg-L~1 Fe(lll) (DRS),
Fe(lll) | Co(ll) |mg-L™1 Fe(lll) mg-L™1 Co(ll) mg-L1
Co(ll)
1 0.01 0.05 |0.010 + 0.001|0-21 0.054 + 0.007 0.18 | 0.018 +0.011| 1.0 |0.20 £0.20| 1.2
2 0.02 0.10 |0.020 + 0.003/0.24| 0.11 £ 0.01 | 0.17 | 0.021 +£0.011 | 0.6 |0.27 £0.19| 0.8
3 0.03 0.15 |0.083 + 0.005/0.23| 0.17 + 0.02 | 0.15 | 0.084 + 0.019 | 0.7 | 0.42+0.31 | 0.8
4 0.05 0.25 |0.050 + 0.008/0.22| 0.28 + 0.038 | 0.13 | 0.047 +0.029 | 0.7 |0.60 + 0.34| 0.6
5 0.13 0.65 | 0.13+0.01 |{0.09| 0.67 +0.02 | 0.04 0.13 £ 0.03 0.3 [1.48+0.839| 0.3
6 0.21 1.05 | 0.21 £ 0.01 |0.06| 1.06 +0.04 | 0.05 0.16 +0.02 |0.13|1.79+0.81| 0.2

where Cge and Cg, are Fe(lll) and Co(ll) con-
centrations, respectively.

For solving this system of nonlinear al-
gebraic equations with two unknown pa-
rameters we used the Newton calculation
method and SciLab 5.2.1 software. Table 1
shows the content of Fe(lll) and Co(ll) in the
model solutions which have been found
from the equation system. As can be seen
from Table all element concentrations found
by RGB-colorimetry taking in account their
confidence intervals coincide with the intro-
duced. This confirms the correctness results

of colorimetric determination of these
elements.

It is known that mixing of two or more
colors is realized in two main ways — addi-

tive and subtractive [2, 3]. The additive
color mixing occurs if reflecting the light
surface is evenly colored by components
with the various color tone (hue). The sub-
tractive color mixing in the reflected light
occurs if light is passing to observer
through a few successive color layers of the
surface. At an ideal thin reflective layer the
contribution of subtractive mixing is infi-
nitely small, but due to heterogeneity of
real surfaces, transparence and irregularity
of the coloration, this contribution is al-
ways present. Therefore practically insig-
nificant deviation toward the overstatement
content of Co(ll) at high concentrations
(Table 1) may be explained by appearance of
small deviations from the additivity law of
the analytical signal in this area. It should
be noted that the experimental check of the
signal additivity at the determination of
components in a mixture not carried by the
authors but they just assumed the signals
additivety in the studied linear part of the
concentration range. Methods for detecting
deviations from additivity using chemomet-
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ric algorithms considered in detail by the
authors [15, 16].

Permissible ratios of the colored compo-
nents mixture that can be separately deter-
mined using the proposed algorithm were
found. For a pair Fe/Co they are in the
range of 1:5-4:1 and the random error is
less if Co(ll) is present in excess. According
to Table 1 the error in determining the ele-
ments depend on the content generally of
each of them and they are, of course, so
much the greater than the less contents.

3.2. Separate determination of Fe(lll) and
Co(ll) in the model solutions by means of
DRS

The same color scales on the PUF that
were studied colorimetrically, was used
to study by the method of DRS. Usually
in the DRS as the analytical signal it is
used the function of Gurevich-Kubelka-
Munk F=(1 - Rd)Z/ZRd, that depends on
the diffuse reflectance, R; and changing,
as a rule, linearly with increasing con-
centration of the analyte. However in
our case of dependence F — Cpgco ap-
peared to be nonlinear in contrast to the
linear dependences of R; — Cpg co, there-
fore the latter were taken for further calcu-
lations. Nonlinearity of the function F, ap-
parently connected with the heterogeneity
of the surface, with the transparency (with
finite thickness) of the measured samples of
PUF and with contribution of the specular
component into the total value of the dif-
fuse reflectance coefficient.

Fig. 3 shows the diffuse reflectance spec-
tra of PUF tablets containing the mixture of
thiocyanate complexes of the elements under
study. The wavelengths for Fe(lll) A = 470 nm

and for Co(ll) A = 618 nm corresponding to
the minima of R; in the spectrum were cho-
sen as analytical. Thus, for the system of
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Table 2. Estimation of accuracy of the separate Fe(lll) and Co(ll) determination in natural water

(P =0.95; n = 5)

Determined | C, ;4.4 Cround RSD Cround RSD Cround RSD Note
component | mg 11| (RGHS, (ORE B
mg-L1 mg-L1 mg-L™1
Fe(lll) 0.08 | 0.08+0.01| 0.08 | 0.08+0.02 | 0.22 ]0.085 + 0.005| 0.06 Well of
Institute for
c Single
o(lh) 0.40 | 0.44+0.05| 0.06 | 0.89+0.10 | 0.10 | 0.40£0.05 | 0.12 Crystals
Fe(lll) 0.10 |0.11+0.01 | 0.13 | 0.10 + 0.02 0.18 (0.103 + 0.005| 0.05 | Underground
"water .
Co(ll) | 0.50 |0.52+0.03| 0.06 | 1.26+0.07 | 0.06 | 0.50+0.06 | 0.13 (7%8gf$
Ra 1 termination of Fe(lll) and Co(ll) in their
mixture on the PUF.
0.9- 3.3. Separate determination of Fe(lll) and
Co(ll) in the natural water
Validation of the separate determination
0.81 of Fe(lll) and Co(ll) was carried out on
1 "added-found”™ scheme by introducing addi-
0.7 tives of the investigated elements in the
natural water samples. The analysis results
2 Co for Fe(lll) and Co(ll) obtained by means of
0.6 3 digital RGB-colorimetry and DRS, as well as
by independent X-Ray fluorescence method
(XRF) with sorption pre-concentration are
0.5 .
shown in Table 2.
Fe Table 2 shows that all concentrations of
0.4 : . . Fe(lll) and Co(ll) which have been found
0 0 om0 700 using digital RGB-colorimetry and XRF

Fig. 3. Diffuse reflectance spectra for PUF
tablets containing mixture of thiocyanate
complexes of Fe(lll) and Co(ll).

Fe(llh-Co(ll) the difference in position of the
maxima in the spectra was AA = 148 nm, and
it would have to provide satisfactory results
of the separate determination elements by
means of DRS, that is confirmed by the
separation factor obtained by means of the

digital colorimetry.
However some values of the relative

standard deviation exceeded 30-50% as it
is seen from Table 1 showing the found con-
centration of Fe(lll) and Co(ll) in the model
solutions by means of DRS from the equa-
tions of calibration dependences. This
means that corresponding concentrations
are lay below detection limit [12]. Further-
more, as seen from the same Table, the re-
sults for Co(ll) obtained by DRS are sub-
stantially inflated. Therefore, we can con-
clude that the method of diffuse reflectance
spectroscopy is of little use for separate de-
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methods practically coincide with the intro-
duced that confirms the correctness of the
results of their determination. According to
Table 1 and Table 2 the DRS method in the
case of determining Co(ll) gives overesti-
mated results that, in addition, have sig-
nificantly larger errors than those obtained
by means of digital RGB-colorimetry.

Thus, it is developed and tested the
method of separate determination of colored
components in their mixture by means of
trichromatic digital RGB-colorimetry char-
acterized by the greater accuracy, accessi-
bility of equipment and simplicity unlike
DRS method.

4. Conclusions

It is shown that method of digital RGB-
colorimetry for the separate determination
of Fe(lll) and Co(ll) in their mixture on the
PUF is notable more accurate and correct
results than the DRS method. The main ad-
vantage of the method proposed in first
time is simplicity, small measurement error
RGB-coordinate of mixture of the colored
complexes and rapid finding concentrations
of the components of said mixture. Such

Functional materials, 23, 3, 2016



S.V.Khimchenko, L.P.Eksperiandova / Capability of ...

analysis is carried out using of preliminary
obtained calibration curves as it is usual
done in the analytical practice. The big ad-
vantage of such colorimetric analysis is the
exclusion of the application of the spec-
trometer with the integrating sphere and
further spectrum treatment which are re-
quired in the case of DRS that greatly sim-
plify the analysis.

Acknowledgment. This work was sup-
ported by Scientific Technology Center of
Ukraine (STCU), Project #4819.

References

1. M.V.Domasev, S.P.Gnatyuk, Tsvet, Upravleniye
Tsvetom, Tsvetovyye Raschety i Izmereniya,
Saint Petersburg (2009) [in Russian].

2. Ye.A Kirillov, Tsvetovedeniye, Legprom-
bytizdat, Moscow (1987) [in Russian].

3. D.Judd, G.Wyszecki, Color in Business, Sci-
ence, and Industry, Wiley, New York (1975).

4. V.M.Ivanov, O.V.Kuznetsova, J.Anal.Chem.,
55, 899 (2000).

5. V.M.Ivanov, 0O.V.Kuznetsova,
Rev., 70, 357 (2001).

6. S.A.Morozko, V.M.Ivanov, J.Anal. Chem., 52,
777 (1997).

Russ.Chem.

Functional materials, 23, 3, 2016

7.

8.

10.

11.

12.

13.

14.

15.

16.

. S.G.Dmitrienko,

V.M.Ivanov, O.V.Kuznetsova, O.V.Grineva, /.
Anal.Chem., 54, 233 (1999).

D.V.Snizhko, Radiotechnics: Ukrainian Mul-
tiagency Scientific-technology Collected Pa-
pers, 156, 263 (2009).

Sorbcionno-fotometricheskie
Analiza s Primeneniem
Prakticheskoe Rukovod-
Moscow (2003) [in

i  Test-metody
Penopoliuretanov.
stvo, MSU Publishing,
Russian].

Yu.A.Zolotov, V.M.Ivanov, V.G.Amelin,
Chemical Test Methods of Analysis, Elsevier,
Amsterdam (2002).

K.Doerffel, Statistik in der Analytische
Chemie, Deutsche Verlag fur Grundstoffin-
dustrie, Leipzig (1990).

L.P.Eksperiandova, K.N.Belikov, S.V.Khim-
chenko et al., J. Anal. Chem., 65, 223 (2010).
Yu.L.Shishkin, S.G.Dmitrienko, O.M.Med-
vedeva et al., J.Anal. Chem., 59, 102 (2004).
V.V.Apyari, S.G.Dmitrienko, J.Anal.Chem.,
63, 530 (2008).

V.I.Vershinin, I.V.Vlasova, T.G.Tsypko, Meth-
ods and Objects of the Chemical Analysis. 5,
226 (2010).

I.V.Vlasova, V.I.Vershinin,
Anal.Chem., 66, 22 (2011).

T.G.Tsypko, .

527



