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Introduction

The changes in the position or intensity of absorption bands reflect both specific and non-
specific interactions between solute and surrounding solvent molecules and are often used as
an easy measurable characteristic of pure or mixed solvents [1,2]. One of the most successful
quantitative treatments of solvent effects on the UV-VIS absorption maximum is the
multiparametric equation introduced by Kamlet and Taft [3]. The solvation interaction at a
molecular level is described empirically by solvatochromic solvent parameters ©*, o, and 3,
where ©* represented stabilisation by virtue of non-specific dielectric interactions, including a
blend of polarity and polarisibility of the solvent, a represented the stabilisation by H-bond
between solute and solvent as a hydrogen bond donor (HBD) and [ represented the
stabilisation by H-bond between solute and solvent as a hydrogen bond acceptor (HBA). Full
Kamlet — Taft equation include some other parameters such as o - polarizability correction
term for polychlorinated alyphatic and all aromatic solvents, &, — Hildebrand solubility
parameter (the cavity term) and & - a coordinate covalence measure:

hv = hv, + s(n* + dd) + aat + b + ho, +e& (1)

The s, d, a, b, h and e are solute depending coefficients that represented the susceptibility
towards above mentioned stabilisations respectively. To obtain information about definite
stabilization effect Kamlet and Taft use solvatochromic comparison method and appropriate
indicators, because structurally different probes give the possibility to detect different aspects
of total solvatochromy and allow reduce the equation 1 to a simple one- or two-parameter
form. The purpose of this work is to obtain a new information about HBD properties of
solvents by comparison the solvatochromy of 2-(4’-N,N-dimethylaminobenzylidene)-1,3-
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indandione (DMABI) and 4-aza-2-(4’-N,N-dimethylaminobenzylidene)-1,3-indandione
(4NDMABI).

Experimental

IS spectra were recorded on a FT-IR NICOLET 5700. "H NMR spectra were obtained with
Varian Mercury 200 MHz spectrometer using hexamethyldisiloxsane as an internal standard
(6=0,05), the chemical shifts were reported in & values in CDCls. Absorption spectra were
recorded on a Perkin-Elmer UV-VIS Lambda 35 with 0,1 nm accuracy.

Fluka solvents >99% are used without cleaning or drying. The maximum wavelength of the
lowest energy band was determined by peak detection algorithm.

4-Aza-2-(4’-N,N-dimethylaminobenzylidene)-1,3-indandione (4NDMABI). 2,5 g (10 mM)
sodium salt of indan-1,3-dione-2-carboxylic acid ethyl ester was dissolved in mixture of 7,5
ml anhydrous acetic acid and 1,25 ml of sulphuric acid. Mixture was warmed with stirring up
to 50° C. Then by portions was added 1,49 g (10 mM) of p-N,N-
dimethylaminobenzaldehyde. At the some temperature heat ten minutes. Reaction mixture
was too cooled and then filtered, dried and recrystallized from acetic acid. Yield of product
m=1,3 g (47%) m.p. 226°C (decompose). 'H NMR (CDCl; ): 3,16 (6H, s, CHz); 6,677 (2H,
m, aroma. —CH); 8,98 (1H,m, pyridines —CH); 8,19 (1H, s, C=CH); 7,8(1H, m, pyridines —
CH); 7,56 (1H,m, pyridines —CH); 8,54(2H, d, aroma. —CH).

DMABI were synthesized following a literature procedures [4].

Results and discussion

DMABI is well known second-order nonlinear optical chromophore with a relatively high
molecular zero frequency hyperpolarizability fy = 38 x 107" esu [5]. Both DMABI, and
4NDMABI have an intensive long wavelength absorption (Fig.1). In contradistinction to
ANDMABI, the DMABI doesn’t have N atom lone-pair as center for hydrogen bond
formation with solvent and can be used as a reference for zero acidity.

DMABI 4ANDMABI

If that assumption is true, the linear relationship between the maximum wavenumbers of
lowest energy absorption bands of the DMABI and 4NDMABI in solvents with a = 0 should
exist. As shown in Fig. 2, good correlation (R* = 0.998) of experimental values exist,

104



including results for aromatic (toluene) and polychlorinated aliphatic (tetrachloromethane)
solvents. If one’s use the obtained equation

v (ANDMABI) = 0,948 v (DMABI) + 365 cm™,

the maximum wavenumbers for 4ANDMABI excluding the hydrogen bond influence can be

calculated (Table 1).
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Fig. 1. UV-vis absorption spectra of DMABI and 4NDMABI in ethanol.l I=1,0 cm.
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Fig. 2. Correlations between maximum wavenumbers of lowest energy absorption bands of
the DMABI and 4NDMABI in solvents: tetrachloromethane, toluene, 1,4-dioxane,
methyl t-butyl ether, diethyl ether, ethyl benzoate, ethyl acetate, acetone, N,N-
dimethylformamide, acetonitrile (from left to right)

Like the Kamlet —Taft o values the difference between calculated an experimental maximum
wavenumbers (A 4NDMABI) will show the hydrogen donor ability of the solvent.
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Accordingly to the Table and Fig.3 both rows of independent characteristics are
corresponding, but the A ANDMABI values don’t be in good harmony with the Kamlet —Taft
o values in the lower value region.

Table 1
Solvatochromic effects and characteristics of solvents
Maximum wavenumbers, cm’ o [3]
Solvent DMABI | 4NDMABI | 4ANDMABI A
Experim. Experim. Calcul. ANDMABI
Tetrachloromethane 21430 20660 20682 22 0
Toluene 21140 20421 20407 -14 0
1,4-Dioxane 21260 20535 20520 -15 0
Methyl t-butyl ether 21520 20760 20767 7 0
Diethyl ether 21540 20790 20786 -4 0
Ethyl benzoate 20790 20050 20075 25 0
Ethyl acetate 21160 20437 20426 -11 0
Acetone 20910 20197 20189 -8 0.08
N,N-dimethylformamide | 20550 19853 19847 -6 0
Acetonitrile 20840 20116 20122 6 0.19
Acetylacetone 20700 19976 19989 13 -
Nitromethane 20647 19890 19939 49 0.22
Methanol 20630 19780 19923 143 0.93
Methanol-d, 20680 19830 19971 141 -
Acetic acid 20576 19669 19872 203 1.12
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Fig.3. Interconnection between A 4NDMABI and Kamlet —Taft o values. R=0,946.

Accordingly to our results acetone and also acetonitrile as solvents don’t show H-donor
ability. Nitromethane, methanol and acetic acid show remarkable H-donor ability and
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obtained numerical characteristics harmonize with Kamlet —Taft a values. Accordingly to our
results methanol and deuteromethanol have the same H- bond donor ability.

Conclusions

Comparison of solvatochromic characteristic of 2-(4’-N,N-dimethylaminobenzylidene-1,3-
indandione and 4-aza-2-(4’-N,N-dimethylaminobenzylidene-1,3-indandione allow to obtain
new independent characteristic of solvent H-bond donor properties. Accordingly to them
acetone, acetonitrile and acetylacetone as solvents don’t have H-donor ability. Opposite to
them nitromethane, methanol and acetic acid H-donor ability is remarkable and fit in Kamlet
—Taft o values. Methanol and deuteromethanol have the same H- bond donor properties.
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V.Kampars, P.Pastors. Solventu raksturojumu noteikSana salidzinot 4-aza-2-(4’-dimetilaminobenziliden)-1,3-
indandiona un 2-(4’-dimetilaminobenziliden)-1,3-indandionasolvatohromiju.

dimetilaminobenziliden)-1,3-indandiona (DMABI) un 4-aza-2-(4’-N,N-dimetilaminobeniliden)-1,3-indandion
(4NDMABI) solvatohromija. Skidinatajos, kuros H-saites radita stabilizacija ir nenozimiga, eksisté linedra
sakariba: v (ANDMABI) = 0,948 v (DMABI) + 365 cm™, R’= 0.998. Izmantojot $o vienadojumu var aprékindt
eksperimentalos lielumus var spriest par skidinatdja H-donorajam ipasibam. No pétitajiem skidinatajiem tikai
nitrometans, metanols, deiterometanols un etikskabe ir Skidinataji, kuri veido pietiekami efektivas H-saites ar
4NDMABI nedalito elektronu pari. H-donoras ipasibas pieaug virzoties no nitrometana uz etikskabi. Metanola
un deiterometanola H-donoras ipasibas ir praktiski vienadas.
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Kampars V., Pastors P. Determination of solvents characteristics by comparison the 4-aza-2-(4’-N,N-
dimetilaminobenziliden)-1,3-indandione and 2-(4’-N,N-dimetilaminobenziliden)-1,3-indandione
solvatochromy.

With the purpose to obtain new information about the ability of solvents to form H-bond with the dissolved
substance it is compared UV-Vis spectra of the 4-aza-2-(4'-N,N-dimetilaminobenziliden)-1,3-indandione (4
4NDMABI) and 2-(4'-N,N-dimetilaminobenziliden)-1,3-indandione (DMABI). In solvents with the insignificant
H-bond ability there is a linear regularity: v (4NDMABI) = 0,948 v (DMABI) + 365 cm™ R’=0.998. Using
this equation it is possible to calculate the hypothetical wave number of long-wave absorption band (4NDMABI)
in solvents with H-bond ability. From the investigated solvents only nitromethane, methanol, deuteromethanol
and acetic acid form effective H-bond with the unshared electronic pair 4{NDMABI. H-donor ability grows in the
direction from the nitromethane to acetic acid (49, 143, 141, 203). The H-donor ability of methanol and
deuteromethanol is practically equal.

Kamnapc B., I[Tacmopc I1. Onpedenenue xapaxmepucmuk pacmeopumeJieil CPA6HEHUEM CObEAMOXPOMUU 4~
aza-3-(4’-N,N-oumemunamunooenzunuoen)-1,3-uoadouona u 2-(4-’N,N-oumemunamunobensunuoen)-1,3-
uoaouona.

C yenvio nonyuenue HOB0U unpopmayuu o cnocobnocmu pacmeopumeneti obpazoeamv H-ceszu ¢
DACMBOPEHHbIM BEULeCMBOM  CPAGHEHA CcoNbeamoxpomusi 4-aza-3-(4’-N,N-oumemunamunobensuiuoern)-1,3-
uoaouona (4NDMABI) u 2-(4°-N,N-oumemunramunobenzunuoen)-1,3-uoaouona (DMABI). B pacmeopumensix c
He3nauumenvhol H-cea3zvio @vizganHoll cmabunusayuell cyuwjecmeyem JUHEAPHAS 3AKOHOMepHOCmb. U (4
NIMABH) = 0,948 v (DMABI) + 365 cm'I, R’=0.998. Ilpumensis smo ypasnemiue MONCHO paccuumans
2UnoOmemu4ecKkoe 60JIHOB0€ YUCIO OAUHHOBONIHOB0U nonockl nozioujenus (4NDMABI) 6 ocmanbHbix
pacmeopumensx. CpagHeHuem pacuemuvix U IKCHEPUMEHMANbHLIX OAHHBIX, MOJNCHO cyoums o H-donopHuix
ceolicmeax npumenenno2o pacmeopumens. M3 uccredoseamnvix pacmeopumeneii MONbKO HUMPOMEMAH,
Memanon, Oe’umepomMemanonl U YKCYCH Kucioma obpasyiom oOocmamoyno spgexmuenvie H-ceasu c
Henoodenennol nexmponnoi  napou 4NDMABI.  H-Oonopuvie ceolicmeéa 803pacmaiom 6 HAnpasieHuu om
HUmMpoMemana K yKCycHou kuciome. H-donopheie ceolicmea memanona u oelimepomemanona npaKmuiecky He
OMAUYAIOMCAL.
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