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Synthesis and photophysical properties of a novel benzanthrone pH sensor based on
internal charge transfer
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A novel fluorescence sensing derivative of 3-aminobenzanthrone configured as a “fluorophore-receptor” system
was synthesized by nucleophilic substitution of 3-aminobenzanthrone with benzoyl chloride. Synthesized compound was
isolated, characterized and identified by TLC, UV-vis, IR and 1H NMR spectra. Due to the internal charge transfer, the
designed fluorophore was able to act as a pH-probe via an “off-on” fluorescence sensing mechanism. The sensor activity
toward protons as cations and hydroxide as anions in solution of DMF/water (1:1) and on cellulose paper was studied by
monitoring the changes of the fluorescence intensity. The fluorescence changes indicated that the compound would be
able to act as an efficient “off-on-off” switch for pH determination, for monitoring of aggressive environment, e.g., in

concrete and industrial pollutants.
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INTRODUCTION
pH is a key parameter for a wide range of
applications in the medical field, in environmental
and life sciences or for regulation and routine
monitoring in industrial processes and in sewage
purification plants [1-12]. Fluorescent pH probes
usually suffer from optical changes in terms of
emission spectra variation and fluorescence
intensity. Optical pH sensors based on changes of
emission intensity and lifetime have been intensively
studied as they can be non-invasive or minimally
invasive, disposable, easily miniaturized (down to
sub-micrometer), and simple to process (as a coating
or solid layer on optical fibers and certain surfaces)
for environmental analysis, medical diagnosis, and
process control [13-25].

Internal charge transfer (ICT) is one of common
principles used for fluorescence molecular switches
[26-31]. In the ICT chemosensors the receptor is
directly attached to the electron-
donating/withdrawing unit that is conjugated to the
fluorophore an  electron-withdrawing/electron-
donating unit. During excitation of the system the
fluorophore undergoes donor-acceptor
intramolecular charge transfer. The subsequent
change in the dipole moment results in a Stokes shift
that depends on the microenvironment of the
fluorophore. In addition to these shifts, changes in
guantum yields and lifetimes are often observed [31-
38].

Benzanthrone attract

derivatives particular

*) To whom all correspondence should be sent:
E-mail: ppolya@uctm.edu

interest due to their favorable spectral properties -
large extinction coefficient, marked Stokes shift,
high sensitivity of fluorescence parameters to
environmental polarity, etc. [39-43]. Derivatives of
benzanthrone are well known as fluorophores
emitting fluorescence from yellow-green to orange-
red. Bright color and intense fluorescence of
benzanthrones gave the impetus to their use as
disperse dyes for textiles, daylight fluorescent
pigments, dyes for polymers [44-54], lasers, as
components in liquid—crystalline systems for
electro-optical displays [46, 47, 55-57] or as sensors
for biological important metal ions and amines [58-
62]. The amidinobenzanthrone derivatives have
showed potential as biomedical probes for proteins,
lipids, and cells. Such dyes can be also utilized as
suitable sensing probes for checking solvent polarity
[63-67].

This paper reports on the design and synthesis of
novel ICT based amidinobenzanthrone fluorophore
(1). Also, the photophysical properties of the new
compound in presence of protons as cations and
hydroxide as anions in solution of DMF/water (1:1)
and on cellulose paper are presented.

H
N
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Formula 1 (1).
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EXPERIMENTAL
Materials and methods

3-Aminobenzanthrone was prepared [55] by
nitration of benzanthrone with fuming nitric acid and
subsequent reduction of the nitro group from the 3-
nitrobenzanthrone by Na,S. M.p. = 245-246 °C (cc.
[55] 246 °C). Solvents are of p.a or analytical grade
(Fluka).

The melting point was recorded on a Biichi 535
apparatus (Switzerland). TLC was made on silica gel
plate (Merck, 60 F 254, 20x20 cm, 0.2 mm
thickness, ready-to-use).

A pH meter Metrohm 704 coupled with
combined pH electrode for the pH measurement was
used. The commercial standard buffers for pH 2, 7
and 10 (Aldrich) were used for calibration. The
absorption spectra were acquired on Hewlett
Packard 8452A spectrophotometer. The fluorescent
spectra were recorded on a Scinco FS-2 fluorescence
spectrophotometer. The excitation source was a 150
W Xenon lamp. Excitation and emission slits width
were 5 nm. Fluorescence measurement was carried
out in right angle sample geometry. A 1x1 cm quartz
cuvette was used for the spectroscopic analysis of
the solutions. Fluorescence measurements on the
previously dyed paper were carried using standard
buffers.

The fluorescence quantum yields (@f) were
measured relatively to Coumarin 6 (@¢ = 0.78 in
ethanol [68] as a standards. All experiments were
performed at room temperature (25 °C).

NH,
O cl

Synthesis of N-(7-oxo-7H-benzo[de]anthracen-3-
ylbenzamide or 3-benzamidobenzanthrone (1)

3-Aminobenzanthrone [2.45g (0,01 mol)] was
dissolved in dioxane (50 mL) and to this solution at
50 °C benzoyl chloride [2.81ml (0,02 mol)] was
added drop wise. The temperature was raised to
boiling and the mixture was stirred at this
temperature for 2 hours. The target compound (1)
was obtained by pouring into water and filtering. It
was  purified by  preparative  thin-layer
chromatography (TLC) (n-hexane:acetone = 2/1,
v/v) on silica gel.

Yield for crude product 84%, m.p. = 177 °C, Rf
= 0.62 (n-hexane:acetone = 2/1, v/v), IR (KBr) cm™:
3434 (v-NH), 3055 (v® ArCH), 1719 (v-C=0), 1647
(vC=0), 1598 and 1576 (8-NH), 1303 and 1277 (v-
C-N-), 779 (6ArCH);

'H NMR (CDCls, 600 MHz), ppm: 8.80-8.79 (ds,
1H, NH), 8.50-8.46 (m, 4H, ArH), 8.33-8.29 (m,
3H, ArH), 8.10-8.06 (m, 2H, ArH), 7.84-7.81 (t, 1H,
ArH), 7.78-7.76 (t, 1H, ArH), 7.67-7.66 (m, 1H,
ArH ), 7.62-7.60 (m, 1H, ArH), 7.57-7.55 (m, 1H,
ArH).

RESULTS AND DISCUSSION
Synthesis of 3-benzamidobenzanthrone (1)

The synthetic route used for the preparation of 3-
benzamidobenzanthrone (1) is outlined in.

H
N
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Scheme 1. Synthesis of 3-benzamidobenzanthrone (1).

Characteristics of the compound (1)

Acylation of the primary amino group with
benzoy! chloride was carried out (at reflux during 2
h in dioxane solution). By pouring the reaction
mixture into water and filtration the precipitate was
obtained. The product was purified by preparative
TLC. FT-IR and 'H NMR spectroscopic studies
confirmed the chemical structure of new product.

The photophysical properties of compound (1)
were investigated in different of polarity solvents at
concentration of 1 x 10° mol I%. Table 1 summarizes
the basic spectral characteristics of (1) in
chloroform, acetone and dimethylformamide (DMF)
solutions: the values of absorption (Aa) and
fluorescence (Ar) maxima, molar extinction
68

coefficient (g), Stokes shift (va - v¢) and quantum
yield of fluorescence (k).

The absorption maximum of (1) is shifted
hypsochromically if compared to that of 3-
aminobenzanthrone (522 nm in
dimethylformamide), due to the weaker electron
donating ability of the amide group than the amino
group.

At room temperature, a weak emission is
observed between 480 and 600 nm with Ar at 515.2
nm (chloroform) till 528.2 nm
(dimethylformamide), corresponding to a Si/So
transition. Fig. 1 presents the normalized absorption
and  fluorescence  spectra of (1) in
dimethylformamide solution as an example.
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Table 1. Photophysical characteristics of compound (1) in different solvents

Solution ra € pN= VA - VF D
(nm) (I molt cm™?) (nm) (cm™)
Chloroform 394 10290 515.2 5971 0.29
Acetone 390 11840 517.8 6328 0.21
Dimethylformamide 396 11560 528.2 6320 0.22
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Fig. 1. Normalized absorption and fluorescence spectra of (1) in dimethylformamide solution.

As seen from Fig. 1, the absorption and
fluorescence spectra have bands with a single
maximum. The fluorescence curve is an
approximately equal mirror image of the absorption
curve which is the indicative of the molecular
structure of compound in excited state and prevailing
fluorescence emission. The overlap between
absorption and fluorescence spectra is low and an
aggregation effect for the concentration at about 1 x
10° mol I'* has not been observed.

Influence of pH on absorption and fluorescent
properties of probe (1)

Investigations in solution. The compound under
study was designed as fluorescence sensor for
determining pH changes over a wider pH scale. This
was the reason to investigate the photophysical
behaviour of probe (1) in water/DMF (1:1, v/v)
solution at different pH values.

The basic spectral characteristics of 3-
benzamidobenzanthrone depends on the polarization
of benzanthrone molecule, due to the electron donor-
acceptor interaction occurring between the amino
substituent and the carbonyl groups from the
chromophoric system. Thus it can be predicted that
the interaction of a guest with the donor moiety will
change the photophysical properties of the
fluorophore.

The amide fragments are widely used functional
group in anion recognition. They can recognize
anions through hydrogen-bonding and deprotonation
interactions [69, 70]. As a result it is expectable that
synthesized compound is able to detect anions.
When an anion interacts with the benzanthrone

fluorophore amide, the carbonyl electron-accepting
ability is reduces due to the deprotonation of the
amides which generates a strong electron density
near the carbonyl group. In a result the ICT
efficiency in the 3-amidobenzanthronic fluorophore
increases and red shifting and higher quantum vyield
are expectable.

With regard to the practical application of (1) as
a pH sensor, absorption spectra in solution of
DMF/water (1:1, v/v) at different pH have been
investigated (Fig. 2).

Absarbance
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Fig. 2. Absorption spectra of compound (1) in DMF/water
(2:1, v/v) at different pH.

In DMF/water (1:1, v/v) solution compound (1)
shows longest-wavelength absorption band in range
350-500 nm (in pH range 2-9) and 350-600 nm (in
pH range 10-12), which is attributed to the typical
for the 3-aminobenzanthrone ICT process. With
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increasing of the alkalinity, the absorption maximum
is shifted bathochromically, which corresponded on
the deprotonation of the imino group and restores the
ICT.

Scheme 2 shows the option for a significant
interaction between benzanthrone chromophor and
the amide group as receptor via nitrogen atom
existing in the molecule of the compound. In this
case the unshared electron pair of nitrogen atom
interacts with p-electron system of the carbonyl from
the amide group, which leads to a partial double
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The changes in the fluorescence spectra of
compound (1) in water/DMF (1:1, v/v) solution at
different pH values are depicted in Fig. 3a-c.
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character of the C-N bond. The amide group atoms
are located on the same plane and the wide-angle
rotation around the C-N amide bond is hindered. In
contrast, the unshared electron pair of nitrogen atom
interacts with p-electron system of the aromatic
chromophore. This leads to an increase in the
electron donating properties of the substituent at 3
position of the chromophore molecule and to an
increase in the conjugated chromophoric system. As
a result, the bathochromic shift in absorption spectra
is observed (Fig. 2).
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Fig. 3. Fluorescence spectra of probe (1) in water/DMF
(1:1, v/v) solution at different pHs.

The emission spectra of compound under
study showed that the compound (1) has
fluorescence in the range between 430 and 700 nm.
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The strongest fluorescence was observed at pH
window 4.8-10 with maximum 538.7-541.4 nm (Fig.
3b). At this pH window the molecule is in “on
state”. The addition of HCI (pH 4.8-2) to probe (1)
converts the imino group in quaternary ammonium
cation which strongly decreases the electron
donating ability of the nitrogen atom in receptor
moiety and decreased the ICT process. At this pH
window the compound (1) has fluorescence with
maximum at 534.9 nm and the molecule is in “off
state” (Fig. 3a). The addition of KOH (pH 4.8-10) to

] s ¥

Fig. 4. Change in color of the tested compound in a
solution of DMF / water = 1: 1 of neutral (pH 7) (a) in
an alkaline (pH 12) (b) medium.

As a whole, a pH titration curve reflecting the “off-
on-off” fluorescence response for compound (1) was
achieved (Fig. 5). The analysis of the fluorescence
changes as a function of pH according to the Eq. (1)
gives two pKa values for the compound, for
protonated (pKa = 3.55) and deprotonated (pKa = 8)
forms respectively.

log [(IFmax — IF) / (IF — IFmin)] = pH - pKa (1)

The calculated quantum yields of fluorescence
are: 0.06 (pH 2), 0.17 (pH 8) and 0.04 (pH 12).

Investigations on paper

Because the compound under study was designed
as fluorescence sensor for determining pH changes
we decided to investigate the photophysical
behaviour of compound (1) on paper at different pH
values. The obtained paper samples consist of
bleached hardwood and softwood pulp in ratio 1:1.
The paper weight was 76 g/m2. The changes in the
fluorescence spectra of compound (1) on paper
previously dyed with dye solution with
concentration 1.10* g/ml in chloroform at different
pH values are depicted in Fig. 6. The emission
spectra of compound under study showed that the
compound (1) has fluorescence in the range between
430 and 650 nm. The strongest fluorescence was

Fluarescence Intensity (A.U.)

probe (1) increases the electron donating ability of
the nitrogen atom in receptor moiety and increased
the ICT process. At this pH window the compound
(1) has fluorescence with maximum at 541.4-548.8
nm and the molecule is in “on state” (Fig. 3b). At pH
over 10 the fluorescence decreases, because the
reduction of carbonyl group occurs probably (Afmax
=492 nm) (Fig. 3c). There is a visible change in the
color of the solution of the tested compound, which
is typical for the reduction of the carbonyl group at
benzanthrone (Fig. 4).
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Fig. 5. Fluorescence intensity of compound 1 at 540 nm in
water/DMF (1:1, v/v) as a function of pH.

observed at pH 4.5 with maximum 494.2 nm (Fig.
6). At pH 2 the fluorescence was lowest and with
maximum at 483.7 nm. The investigation on the
paper show similar results as the investigation in
solution of water/DMF (1:1, v/v).
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Fig. 6. Fluorescence spectra of probe 1 on paper at
different pHs.

CONCLUSIONS
The synthesis and characterization of new 3-
benzamidobenzanthrone has been described. The
photophysical behavior of new fluorescent pH
sensor in DMF/water and on paper as a function of
pH was studied. The system is in “on-state” in the
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range of pH 4.5-10. The effect was supposed to be
related to the deprotonation of the amide receptor in
this pH window. The fluorescence changes indicated
that the sensors (1) would be able to act as an

1.

o

© N

11.

12.

13.

14.

15.

16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

72

REFERENCES
R. Wang, C. Yu, F. Yu, L. Chen, Trends in Analytical
Chemistry, 29, 1004 (2010).
Z.-Q. Hu, M. Li, M.-D. Liu, W.-M. Zhuang, G. Li,
Dyes Pigm., 96, 71 (2013).
W. Jin, J. Jiang, X. Wang, X. Zhu, G. Wang, Y. Song,
C. Ba, Respir. Physiol. Neu-robiol., 177, 183 (2011).
S. Grant, K. Bettencourt, P. Krulevitch, J. Hamilton,
R. Glass, Sens. Actuators B: Chem., 72, 174 (2001).
S. A. Grant, R. S. Glass, Sens. Actuators B: Chem.,
45, 35 (1997).
J. Han, K. Burgess, Chem. Rev., 110, 2709 (2010).
A. Wu, L. Duan, Turk. J. Chem., 35, 475 (2011).
M. H. Lee, J. Fluoresc., 26, 807 (2016).
L. Ferrari, L. Rovati, P. Fabbri, F. Pilati, Sensors, 13,
484 (2013).

. 0. Young, R. Thomson, V. Merhtens, M. Loeffen,

Meat Sci., 67, 107 (2004).

X. Zhang, H. Jiang, J. Jin, X. Xu, Q. Zhang, Atmos.
Environ., 46, 590 (2012).

A. S. Jeevarajan, S. Vani, T. D. Taylor, M. M.
Anderson, Biotechnol. Bioeng., 78, 467 (2002).

R. G. Haugland, Handbook of Fluorescent Probes and
Research Products, ninth ed., Molecular Probes Inc.,
Eugene, OR, USA, 2002.

B. M. Weidgans, New Fluorescent Optical pH
Sensors with Minimal Effects of lonic Strength,
Dissertation zur Erlangung des Doktorgrades der
Naturwissenschaften, September 2004.

Y. Tian, F. Su, W. Weber, V. Nandakumar, B. R.
Shumway, Y. Jin, X. Zhou, M. R. Holl, R. H.
Johnson, D. R. Meldrum, Biomaterials, 31, 7411
(2010).

C. Ju, H. Yin, C. Yuan, K. Wang, Spectrochim. Acta
Part A, 79, 1876 (2011).

C. Li, Y. Zhou, F. Xu, Y. Li, C. Zou, C. Weng, Anal.
Sci., 28, 743 (2012).

T. R. Martz, J. J. Carr, C. R. French, M. D.
DeGrandpre, Anal. Chem., 75, 1844 (2003).

X. H. Yang, L. L. Wang, Optics Express, 15, 16478
(2007.

H. N. Kim, K. M. Swamy, J. Yoon, Tetrahedron Lett.,
52,2340 (2011).

C.-Y. Li, Y. Zhou, F. Xu, Y.-F. Li, C.-X. Zou, C.
Weng, Anal. Sci., 28, 743 (2012).

Y. Wang, B. Tang, S. Zhang, Dyes Pigm., 91, 294
(2011).

V. Bojinov, N. Georgiev, P. Nikolov, J. Photochem.
Photobiol. A: Chem., 197, 281 (2008).

X. Qian, Y. Xiao, Tetrahedron Lett., 43,2991 (2002).
S. Nagl, O. S. Wolfbei, Analyst, 132, 507 (2007).

B. Valeur, J.-C. Brochon (eds), New Trends in
Fluorescence  Spectroscopy:  Applications to
Chemical and Life Sciences, Springer Science &
Business Media, Dec 6, 2012.

P.M. Miladinova&D.A. Todorova: Synthesis and photophysical properties of a novel benzanthrone pH sensor ...

efficient “off-on-off” switch for pH determination,
for monitoring of aggressive environment, e.g., in
concrete and industrial pollutants.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

C. D. Geddes, J. R. Lakowicz, Advanced Concepts in
Fluorescence Sensing: Part B: Macromolecular
Sensing, Springer Science & Business Media, Jul 18,
2010.

B. Valeur, I. Leray, Coord. Chem. Rev., 205, 3
(2000).
A. de Silva, T. Vance, M. West, G. Wright, Org.

Biomol. Chem., 6, 2468 (2008).

V. Bojinov, N. Georgiev, J. Univ. Chem. Technol.
Met., 46, 3 (2011).

P. Panchenko, O. Fedorova, Y. Fedorov, Russ. Chem.
Rev., 83, 155 (2014).

Y. Mei, P. A. Bentley, Bioorg. Med. Chem. Lett., 16,
3131 (2006).

X. Chen, J. Wang, J. Cui, Z. Xu, X. Peng,
Tetrahedron, 67, 4869 (2011).

J. Lee, H. Kim, S. Kim, J. Y. Noh, E. J. Song, C. Kim,
J. Kim, Dyes Pigm., 96, 590 (2013).

S. Arimori, L. I. Bosch, C. J. Ward, T. D. James,
Tetrahedron Lett., 42, 4553 (2001).

S. Arimori, L. I. Bosch, C. J. Ward, T. D. James,
Tetrahedron Lett., 43, 911 (2002).

L. Wang, J. Yan, W. Qin, W. Liu, R. Wang, Dyes
Pigm., 92, 1083 (2012).

R. Hosseinzadeh, M. Mohadjerani, M. Pooryousef,
Anal. Bioanal. Chem., 408, 1901 (2016).

B. Krassovitski, B. Bolotin, Organic luminophores,
Chimia, Mockga, 1984 [in Russian].

D. Wroébel, A. Boguta, E. Mykowska, D. Bauman, 1.
Grabchev, Mol. Cryst. Lig. Cryst., 427, 57 (2005).
M. S. Refat, A. S. Megahed, I. M. El-Deen, I.
Grabchev, S. EI-Ghol, J. Korean Chem. Soc., 55, 28
(2011).

E. Kirilova, I. lvanova, Sci. J. of Riga Tech. Univ.,
Material Science and Applied Chemistry, 23, 29
(2011).

M. El-Sedik, N. Almonasy, M. Nepras, F. Bures, J.
Cermak, M. Dvorak, M. Michl, R. Hrdina, Dyes
Pigm., 97, 250 (2013).

T. Konstantinova, P. Meallier, H. Konstantinov, D.
Staneva, Polym. Degrad. Stab., 48, 161 (1995).

T. Konstantinova, H. Konstantinov, T. Kaneva, A.
Spirieva, Polym. Degrad. Stab., 62, 323 (1998).

I. Grabchev, V. Bojinov, I. Moneva, J. Mol. Struct.,
471,19 (1998).

I. Grabchev, V. Bojinov, I. Moneva, Dyes Pigm., 48,
143 (2001).

V. Bojinov, T. Konstantinova, Polym. Degr. Stab.,
68, 295 (2000).

I. Grabchev, I. Moneva, I. Kozlov, G. Elyashevich,
Mater. Res., 4, 301 (2001).

T. N. Konstantinova, R. A. Lazarova, Dyes Pigm., 74,
208 (2007).

T. N. Konstantinova, R. A. Lazarova, Polym. Degr.
Stab., 92, 239 (2007).



P.M. Miladinova&D.A. Todorova: Synthesis and photophysical properties of a novel benzanthrone pH sensor ...
52. M. Nepra$, O. Machalicky, M. Seps, R. Hrdina, a P. 63. E. M. Kirilova, I. Kalnina, T. Zvagule, N. Gabruseva,

Kapusta, V. Fidler, Dyes Pigm., 35, 31 (1997). N. Kurjane, I. Solomenikova, J. Fluoresc., 21, 923

53. S. Gonta, M. Utinans, G. Kirilov, S. Belyakov, I. (2011).

Ivanova, M. Fleisher, V. Savenkov, E. Kirilova, 64. S. Gonta, M. Utinans, G. Kirilov, S. Belyakov, I.
Spectrochim. Acta Part A, 101, 325 (2013). Ivanova, M. Fleisher, V. Savenkov, E. Kirilova,

54. B. Siddlingeshwar, S. M. Hanagodimath, E. M. Spectrochim. Acta Part A, 101, 325 (2013).
Kirilova, G. K. Kirilov, J. Quant. Spectr. Rad. 65. O. Zhytniakivska, V. Trusova, G. Gorbenko, E.
Transfer, 112, 448 (2011). Kirilova, I. Kalnina, G. Kirilov, P. Kinnunen, J.

55. I. Grabchev, I. Moneva, Dyes Pigm., 38, 155 (1998). Lumin., 146, 307 (2014).

56. I. Grabchev, I. Moneva, E. Wolarz, D. Bauman, S. 66. K. Vus, V. Trusova, G. Gorbenko, R. Sood, E.
Stoyanov, Polym. Film Liquid Cryst. Z. Naturforsch., Kirilova, G. Kirilov, I. Kalnina, P. Kinnunen, J.
56, 291 (2001). Fluoresc., 24, 493 (2014).

57. V. Bojinov, I. Grabchev, Org. Lett., 5, 2185 (2003). 67. O. Zhytniakivska, V. Trusova, G. Gorbenko, E.
58. D. Staneva, R. Betcheva, J.-M. Chovelon, J. Kirilova, 1. Kalnina, G.Kirilov, J. Molotkovsky, J.
Photochem. Photobiol. A, 183, 159 (2006). Tulkk, P. Kinnunen, J. Fluoresc., 24, 899 (2014).
59. D. Staneva, R. Becheva, Dyes Pigm., 74, 148 (2007). 68. G. Reynolds, K. Drexhage, Opt. Commun., 13, 222

60. D. Staneva, R. Betcheva, J.-M. Chovelon, J. Appl. (1975).

Polym. Sci., 106, 1950 (2007). 69. T. Gunnlaugsson, M. Glynn, G. Tocci, P. Kruger, F.

61. S. Dumas, I. Grabchev, P. Stoikova, J. Chauvin, J.-M. Pfeffer, Coord. Chem. Rev., 250, 3094 (2006).
Chovelon, J. Photochem. Photobiol. A: Chem., 201, 70. J. Shao, H. Lin, H.-K. Lin, Talanta, 75, 1015 (2008).
237 (2009).

62. G. Zhang, Y. Wen, C. Guo, J. Xu, B. Lu, X. Duan, H.
He, J. Yang, Anal. Chim. Acta, 805, 87 (2013).

CHUHTE3A U ®OTO-OU3NYHU CBOMCTBA HA HOB PH-CEH30P C BEH3ATPOH HA
OCHOBATA HA BBTPELIEH ITPEHOC HA 3APAIA

I1.M. Munaaunosa®*, JI.A. Tonoposa®

2 Jlenapmamenm ,, Opeanuuer cunmes u eopusa
® lenapmamenm ,, Llenynosa, xapmus u nonuepagpus
Xumuxomexuonozuuen u memanypeuuer ynugepcumem, oyn. Knumenm Oxpuocku 8, Coghusa 1756, Bvaeapus

IToctenuna Ha 1 nekemBpH, 2016 r.; npuera Ha 18 maii, 2017 r.
(Pesrome)

CunTe3npaH ¢ HOB (IyOpPECHEHTCH CEH30p, NPOHM3BOJCH Ha 3-aMHHOOCH3aHTPOHA, W3IIOJ3BAWKH pEakius Ha
HyKIIeOQHITHO 3aMecTBaHe Ha 3-aMHHOOEH3aHTPOH ¢ OeH3omi-xinopua. CeH30pBT € MPOCKTHpPAaH KaTo CHUCTeMa
“¢dayopodop-perentop”. IToydeHOTO ChEAMHEHUE € H30JMPaHo U oxapakrepusupano upes TCX u YB-Buz criektsp, a
CcTpyKTyparta My - motebpaeHa ¢ U4 u 1H SIMP cnextpu. Ilopaay HamudHUS B MOJIEKyJIaTa BBTPEIIHOMOJIEKYJICH IIPEHOC
Ha 3apsill, CAHTE3UPaHUAT (Guryopodop MOKe Aa ce u3moia3Ba karo pH mpoda, onepuparia Ha npuHipmna Ha “off-on”
CeH30peH MexaHu3bM. M3ciieiBana e ceH30pHaTa akTHBHOCT 1o otHomeHune Ha H* u OH'B pastBop JIM®/Bona (1:1) u
BBPXY IIeNyJi03a (XapTusi), OTINTAHKH IPOMsIHATA BHB (DIIyOpeclieHTHATA HHTEH3UBHOCT. V3cneiBaHusATa TIOKa3aT, e
ChEIMHEHUETO MOXKE J1a ObJIe H3M0JI3BaHO KaTo eekTruBeH “off-on-off” mpeskimouBaren 3a onpezenste Ha pH Ha cpena,
3a CJIeZICHE Ha 3aMBbPCUTEIN B OKOJTHATA CPe/ia, TAKMBA KATO HAIPHMEP HHAYCTPHUAITHHU 3aMBbPCUTEITH.
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