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Association of Mg?* and La®* ions with Reichardt betaine dyes in deuterated DMSO has
been studied using 'H-NMR method. Basing on chemical shifts of the betaine protons in
the presence of metal ions as well as on the chemical shifts of the protonated betaine
protons, the Mg2* and La%* ions interaction with the dye molecule has been concluded to
be of acid-base nature. The data obtained suggest the inadmissibility of the betaine
acid-base sensors in the presence of multicharged metal ions.

Accommuanusi MOHOB MgZ+ u La%* ¢ GeranHOBBHIM Kpacuresem Palixapara B meiiTepupoBaH-
HOoM DMSO wusyuena ¢ mcnoapzosarumem meroga IIMP. Ha ocHOBaHMM 3HAYEHUH XMMHUYECKHIX
CABUI'OB IIPOTOHOB OeTanHA B IIPUCYTCTBAM HMOHOB METAJJIOB, & TAKMKe XMMHWYECKUX CABUIOB
IPOTOHOB IIPOTOHMPOBAHHOI'0 0eTanMHa CAeJAaH BLIBOJ O KMCJIOTHO-OCHOBHOM XapaKTepe B3au-
MOJEeNCTBUA HOHOB Mg2+ u La®* ¢ moserymoit kpacurensa. IlonyueHHbIe NaHHbBIE [IOBBOJISIOT
clieJaThb BBIBOJA O HEIONMYCTUMOCTH NPUMEHEHHUS KUCJIOTHO-OCHOBHBIX CEHCOPOB Ha OCHOBE
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OeTanHOB B IIPUCYTCTBUU MHOTI'O3apAIHBIX MOHOB METaJlJIOB.

The Reichardt betaine dyes are used
widely due to solvatochromic properties
thereof [1, 2]. The betaine solution color
change depending on the molecule micro-en-
vironment is often the only characteristic
indicating some properties of the liquid me-
dium, for example, its polarity (E;(30) em-
pirical parameter [3]). These dyes make it
possible to study wvarious properties of
mixed solvents, the surface structure of
modified and unmodified silicon and alumi-
num oxides, zeolites, and polymers. More-
over, the solvatochromic effect has been
found to be useful for estimating the activ-
ity of surfaces in chromatographic supports
[4]. Due to high sensitivity of betaines to
moisture and acids, the corresponding film
or micro-porous sensors can be prepared [5].
The thermochromism of the substances of-
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fers some prospects to use thereof as tem-
perature sensors [6]. The betaine indicators
have been found to be useful for investiga-
tion of the phase properties in the complex
systems such as micellar solutions and
micro-emulsions [7-9]. The experimental
techniques being rather simple, the data ob-
tained (taking into account the dye specific
properties) are quite sufficient to explain some
effects. It is just the 2,4,6-triphenyl-N-(3,5-
diphenyl-4-hydroxyphenyl)pyridinium presented
in Fig. 1 (from here on, betaine) that is used
widely due to its optimum physicochemical
properties (good solubility in many solvents,
the highest observable solvatochromic effect).
While the Reichardt betaine dyes are
rather long ago in use, some physicochemi-
cal properties thereof remain studied insuf-
ficiently to date, e.g., their behavior fea-
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Fig. 1. Betaine. The letters denote the corre-
sponding aromatic rings; the numerals, the
proton numbers.

tures in the presence of metal ions in or-
ganic media. Some investigation in this
field were carried out using acetonitrile
[10-13], acetone, N, N.-dimethyl acetamide,
dimethyl sulfoxide, a series of aliphatic al-
cohols [8], diethyl ether, tetrahydrofuran
[14]. Binary mixtures methanol/water, ¢-bu-
tanol/dimethyl sulfoxide and #¢-butanol/ace-
tonitrile were used, too [15]. In the pres-
ence of metal ions, the dye absorption maxi-
mum in the wvisible spectral region was
found to shift towards shorter wavelengths.
This effect is more pronounced for ions of
small radii and large positive charge. So Li*
ions cause a hypsochromic shift of the dye
absorption maximum in acetonitrile from
620 nm to 525 nm while Na* ions, to
560 nm. Mg2* ions render the betaine essen-
tially colorless. The association of metal
ions occurs at oxygen atom of the phenolate
molecular fragment where a considerable
electron density is localized (dipole moment
about 14 D). The association constant of the
betaine with Li* ions in acetonitrile, as de-
termined from the absorption spectra, is
K, = 5.47-10% M~1 [18]. Moreover, it is to
note that these effects are most pronounced
in aprotic media having low or moderate di-
electric constants (diethyl ether, tetrahydro-
furan, acetone, acetonitrile). Lower alcohols
forming strong hydrogen bonds with the be-
taine molecule as well as the solvents having
a high solvatability (DMSO) hinder the metal
ion association with the dye. Using NMR
method, we have identified more precisely the
interaction character of Mg?* and La3* ions
with the betaine in dg—DMSO.

Lanthanum and magnesium perchlorates
were obtained by neutralizing the corre-
sponding carbonates with 30 % perchloric
acid. After filtration, the solutions were
evaporated using a water bath and the crys-
tals obtained were recrystallized thrice from
distilled water. Magnesium perchlorate was
dried for 20 h at 200°C and 0.5 mm Hg, lan-
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Table 1. Composition and concentration of
the components in the A, B, C, D systems.

System C, mol/L

A Betaine 3.4-10°8

B Betaine 3.4.1073
Mg(CIO,), 0.5

c Betaine 3.4-10°8

La(ClO,), 1.4.1072

thanum perchlorate, for 10 h at 150°C and
0.5 mm Hg. The betaine (dihydrate) was
kindly offered by Prof.Christian Reichardt.
The protonated dye was obtained by treat-
ing its alcoholic solution with 10 % per-
chloric acid. The colorless solution so ob-
tained was diluted with a little distilled
water and concentrated by evaporation. The
precipitated fine crystals were recrystallized
twice from aqueous ethanol and dried for 5 h
at 90°C. The proton spectra were measured
using a Mercury Varian VX-200 NMR spec-
trometer at 200 MHz. The measurements were
done in 5 mm ampoules containing 0.6 mL of
the solutions at 25°C. The initial substances were
weighed directly in the ampoule and then solvent
(0.6 mL) was added. The dg—DMSO with 99.9 %
deuterium content was used. TMS was used as
the external standard. The spectra were recorded
for four systems (see Table 1).

Table 2 presents the chemical shifts of
the betaine protons (systems A, B, C, D). In
the weak field region lie the signals from
3Y,5% protons (singlet) as well as those from
2¢,6¢ and 3¢,4¢,5¢ ones as a doublet of mul-
tiplets. The proton signal splitting into two
components untypical of phenyl substituent
evidences a considerable polarizability of
the molecule along the axis connecting nitro-
gen and oxygen atoms. The multiplet signals
from protons of the phenyl substituents being
in the ortho positions of the pyridinium and
phenolate molecular fragments are within
7.00 to 7.55 ppm region. The multiplets are
slightly split also into two components having
the integral intensities 2 and 3 for each
phenyl substituent. In the presence of metal
ions as well in the protonated betaine, the
largest shift is observed for signals of the
phenolate protons. So, the signal from 8¢,5¢
protons is shifted towards weak field from
6.734 to 7.274 ppm. Fig. 2 shows the changes
of the chemical shifts for the betaine protons
when passing from the A system to the D one.
The Mg2* and La3* ions are seen to cause the
shift of all proton signals (except for 2¢,3¢
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Table 2. The chemical shifts and spin-spin constants of the betain protons (Fig. 1) in the A, B,
C, D systems.

System 3y, ppm
3%, 5% | 80, 5b 2¢, 6¢ 3¢, 4¢, 5¢ 34, 44, 54 3¢, 4¢, 5°,
24, 64 2¢, 6°
A 6.734 | 8.491 8.278 7.618 7.435 (m, 6H) 7.061 (m, 6H)
(s) (s) (m) (m) 7.557 (m, 4H) 7.345 (m, 4H)
B 7.160 | 8.515 8.224 7.602 7.8394 (m, 6H) 7.268 (m, 6H)
(s) (dm, J 7.0 Hz) | (dm, J 7.0 Hz) 7.493 (m, 4H) 7.105 (m, 4H)
C 7.242 | 8.662 8.338 7.648 7.445 (m, 6H) 7.816 (m, 6H)
(s) (s) (dm, J 7.3 Hz) | (dm, J 7.3 Hz) 7.523 (m, 4H) 7.127 (m, 4H)
D 7.274 | 8.680 8.348 7.655 7.456 (m, 6H) 7.333 (m, 6H)
(s) (s) | (dm,J 7.3 Hz) | (dm, J 7.3 Hz) | 7.521 (m, 4H) 7.117 (m, 4H)
3, ppm
ones) towards weak field. The signal posi-

tions tend to those for protonated molecule.

Thus, the similarity between the spectra
of protonated betaine and of that associated
with Mg2?* and La3* ions suggests a parallel-
ism between the usual acid-base interaction
and that of the betaine with Lewis acids, the
metal ions being the latter. In this connec-
tion, it is to note that the use of betaine dyes
as acid-base sensors or metal ion ones is asso-
ciated with some difficulties, mainly with that
these interactions are of the same type.

Authors acknowledge Prof.N.O.Mchedlov-
Petrossyan for his fruitful discussion of results,
Prof.S.M.Desenko and Dr.V.I.Musatov who as-
sisted in NMR experiments and Prof.C.Reichardt
(Philipps University, Marburg, Germany) who
offered a sample of the betaine dye.
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BnauB ioHIB MeTadiB Ha BIATYK
COJIBBATOXPOMHHUX iHAMKaTOpiB Paixapara:
AMP-ceKTpoCcKoOmiuHe TOCHiKEeHHT

C.B.lllexoeéyoé6, O.B.JIykinoea

Acoriamiro ionis M92+ i La®* 3 GeraimoBumu GapsHmKaMu Paiixapara y mefiTeprpOBAHOMY
DMSO pocaimxena 3 sacrocyBamHaM meroza IIMP. Ha mizcrasi sHauens ximiuHMX 3CyBiB
npoTOoHiB OeraiHy y HpHUCYyTHOCTi iOoHIB MeraJsiB, a TaKoX XiMiuHMX B3CyBiB IIPOTOHIB IIPOTO-
HOBaHOro OeraiHy 3p00JIEHO BHCHOBOK II[OJ0 KHCJIOTHO-OCHOBHOI'O XapakTepy B3aemoxiii ioHiB
Mg2* i La% 3 momekymoro GapBHmka. OTpumani gaHi [OSBONSIOTH 38POGHTH BUCHOBOK IIPO
HENPUIYCTUMICThL 3aCTOCYBAHHS KHCJIOTHO-OCHOBHUX CEHCOPIB Ha OCHOBi OeraiHiB y mpucyT-
HOCTi faraTosapsAAHUX i0HIB MeTaJiB.
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