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Scheme 1. Chemical diagram of compound studied;
solid phases 1 and 2.

Yellow solid phase 1.

EXPERIMENTAL
Synthesis

The starting compound, 5-amino-2-methoxy-
pyridin ester amide of squaric acid ethyl ester (solid
phase 1) was synthesized according to the procedure
described in [4]. IR and UV-Vis spectroscopy
confirmed the purity of the compound. The most
intensive signal in the mass spectrum is that of the
peak at m/z 249.29, corresponding to the singly
charged cation [Ci,H13N;O4]" with a molecular
weight of 249.24. The solid phase 2 was obtained by
heating of solid phase 1 at 200°C at Pt-crucible. It
was also obtained after heating of the starting
compound in glass capillary. Our attempts to receive
suitable single crystals of this phase have failed due
to the formation of solid phase 1 after dissolving of
the solid phase 2.

Materials and methods

IR-spectroscopic measurements within 4000-400
cm™ range were obtained on a Thermo Nicolet 6700
FT-IR spectrometer (resolution 1 cm™, 250 scans).
A Specac wire-grid polarizer was used. Oriented
solid samples were obtained as a colloid suspension
in a nematic liquid crystal of the 4’-cyano-4’-
alkylbicyclohexyl type (ZLI 1695, Merck), meso-
morphic at room temperature. Its weak IR-spectrum
permits recording of the guest-compound IR-bands
in the whole 4000-400 cm™ range. The isolated
nitrile stretching IR-band at 2236 cm™ serves addi-
tionally as an orientation indicator. The effective
orientation of the samples was achieved through the
new procedure described in [5-8]. The procedure
for the position (v;) and integral absorbances (A;)
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determination for each i-peak has been carried out
by deconvolution and curve-fitting procedures at
50:50% ratio of Lorentzian to Gaussian peak func-
tions, y* factors about 10~ and 2000 iterations [7, 8].
The means of two treatments were compared by
Student t-test. The experimental IR-spectral patterns
have been acquired and processed by GRAMS/AI
7.01 IR spectroscopy (Thermo Galactic, USA) and
STATISTICA for Windows 5.0 (StatSoft, Inc., Tulsa,
OK, USA) program packages. The theoretical
approach, experimental technique for preparing the
samples, procedures for polarized IR-spectra inter-
pretation and the validation of this new linear-
dichroic infrared (IR-LD) orientation solid-state
method for accuracy and precision have been
presented. The influence of the liquid crystal medium
on peak positions and integral absorbances of the
guest molecule bands, the rheological model, the
nature and balance of the forces in the nematic liquid
crystal suspension system, and morphology of the
suspended particles have been also discussed [6-8].
Spectroscopic and structural results were obtained
by the orientation technique [5-8] using the known
reducing-difference procedure designated as “step-
wise reduction” for polarized IR-spectra interpret-
tation. This method was primarily suggested by
Thulstrup and Eggers for polarized UV-spectral
interpretation [9]. The procedure consists in con-
secutive elimination of the spectral bands of a given
polarization by means of subtracting the perpen-
dicular spectrum multiplied by a coefficient from
the parallel one. This procedure was extended by
Spanget-Larsen [10] and by Korte and Lampen [11]
to samples orientated in stretched polyethylene and
nematic solution, respectively. A systematic analysis
of this approach and its application to IR-bands
assignment according to their symmetry appur-
tenance was developed by B. Jordanov and co-
workers [12-15] for polarized IR-spectra in nematic
liquid crystal solution. The method consists of sub-
traction of the perpendicular spectrum, (IR, resulting
from a 90° angle between the polarized light beam
electric vector and the orientation of the sample)
from the parallel one (IR,) obtained with a co-linear
mutual orientation. The recorded difference (IR,—
IRs) spectrum divides the corresponding parallel
(Ap) and perpendicular (A) integrated absorbencies
of each band into positive values originating from
transition moments, which form average angles with
the orientation direction (n) between 0° and 54.7°
(magic angle), and negative ones corresponding to
transition moments between 54.7° and 90°. In the
reducing-difference procedure, the perpendicular
spectrum multiplied by the parameter ¢, is sub-
tracted from the parallel one and ¢ is varied until at
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least one band or sets of bands are eliminated. The
simultaneous disappearance of these bands in the
reduced IR-LD spectrum (IR,—cIR) obtained indi-
cates co-linearity of the corresponding transition
moments, thus, yielding an information regarding
the mutual disposition of the molecular fragments.

Solid-state ultraviolet spectra were recorded on a
Tecan Safire Absorbance/Fluorescence XFluor 4 V
4.40 spectrophotometer operating between 190 and
900 nm.

RESULTS AND DISCUSSION

The non-polarized IR-spectra of both solid phases
1 and 2 are depicted in Figs. 2.1 and 2.2. Solid
phase 1 is characterized by an intensive band at
3262 cm™ belonging to stretching vy mode [4].
The bands at 1798 and 1694 cm™ belong to v’c=o(s)
and v®c-o(sq Vibrations of squaric acid fragment.
The pyridinium in-plane (i.p.) and out-of-plane
(0.p.) maxima are observed at 1608, 830, 746, 722
cm ™ and the broad one within 730-710 cm™ region.
The relatively intensive band at 777 cm™ belongs to
the i.p. mode of the pyridine ring. In contrast to
Raman spectra [16, 17], the discussed peaks are
relatively high intensive and have been used for the
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purpose of IR-LD spectroscopy [4]. According to
crystallographic data, the molecules in solid phase 1
are joined into infinite parallel pseudo layers (Sche-
me 2) by moderate intermolecular NH...O0=C g
hydrogen bonds of length 2.955 A and NH...O
angle of 153.41°. This result explains the relatively
low frequency shifting of both vyy and ve-osq) IR-
bands in the corresponding spectra (Fig. 2.1).

To define the nature of the second solid phase 2,
a comparison between the IR-spectrum of Solid
phase 1 is carried out. In the high temperature phase
(Fig. 2.2) the vyy band is absent and a broad mul-
tiple maximum is observed within 3500-2500 cm™.
The observed high frequency shift of 21 cm™ for
V¥c-osq Of the squaric acid fragment, and the
opposite shift for yc-o of 33 cm™ suggest that these
are not affected by intermolecular interactions. An
intensive absorption band at 1587 cm™ belonging to
Sn is shifted by 12 cm™ in the discussed phase. The
i.p. modes of pyridine ring are low affected,
resulting to an observation of the IR-band shifting
within 2-6 cm™. These data proposed that the high
temperature phase transition leads to a formation of
new red solid phase 2, where strong NH...Npy
intermolecular bonds are predominating (Scheme 3).
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Fig. 2. Non-polarized IR-spectra of solid phase 1 (1) and 2 (2).
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Scheme 2. Hydrogen bonding in solid phase 1.
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Scheme 3. Intermolecular interactions in solid phase 2.

Moreover, the absence of well-defined isolated
band of vyy, typical for solid phase 1, and an obser-
vation of the broad band within 3500-2500 cm™ as
well as the intensive broad band at 1587 cm™,
typical for full or partially charged amines, proposed
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strong intermolecular NH...Npy, which has been
observed in a series of papers dealing with proto-
nated heterocyclics [18-20] or in 4-aminopyri-
dinium hemiperchlorate, where the NH bonds in the
NH...N interaction is equalized and H- is fixed at an
equal distance of both the N-atoms [21]. Additional
confirmation of the last assumption follows as well
from the obtained more than 100 nm batochromic
sift of Amax in the solid red phase, typical for push-
pull systems [1-3].

The above stated vibrational assignment is expe-
rimentally proved by the polarized IR-spectroscopic
study. Moreover, an interesting result is obtained in
addition. In contrast to solid phase 1, where the
elimination of 0.p. modes leads to a total vanishing
of the corresponding IR-bands of same symmetry
class [4], the elimination of the corresponding bands
in solid phase 2 as well as the vsczo(sq) stretching
modes leads to an observation of second bands of
same symmetry class. As can be seen the elimi-
nation of each of the well-defined by deconvolution
and curve-fitting procedures bands at 1803 and 1795
cm™ leads to an observation of numbering maxi-
mum (Figs. 3.2 and 3.3).

1200 1730 1700

Absorbance f Wavenmber (om-10

Fig. 3. Curve-fitted IR-spectrum (1) of solid phase 2
(* values less then 8x10™*) within 1850-1650 cm™ and
reducing IR-LD spectra after elimination of the bands at

1803 cm™ (2) and 1795 cm™ (3).

On the other hand, the elimination of the bands
about 1600 and 835 cm™ at equal dichroic ratio in
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addition confirms the assumption stated above, due
to in the frame of one isolated molecule is impos-
sible to be eliminated IR-bands with i.p. and o.p.
symmetry classes. This phenomenon has been
observed in systems, where the unit cell contains
mutual perpendicular oriented molecules [22, 23].
These results proposed that the second phase 2 is
characterized by infinite zig-zag chains of mole-
cules, connected by strong NH..Np, hydrogen bonds
(Scheme 3). In the frame of these chains the mole-
cule of 5-amino-2-methoxypyridin ester amide of
squaric acid ethyl ester is with low influenced con-
formation, because of our thermal analysis, shows
only a small thermal process at 94°C with shape,
indicating a second order phase transformation,
explained by the liberation of a rotation around the
C—N bond [4].

CONCLUSION

By means of linear-polarized IR-spectroscopy of
oriented colloid suspensions in nematic host, the IR-
spectroscopic and structural elucidation of the high
temperature solid phase of 5-amino-2-methoxy-
pyridine ester amide of squaric acid is preformed. In
contrast to the solid phase obtained at room
temperature, where a pseudo-layered structure is
stabilized by intermolecular NH...O=C intermo-
lecular hydrogen bonds with length of 2.955 A [4],
in the high temperature phase strong NH...Npy,
interactions are predominant. As a result of the solid
phase transition, the layered structure is distorted
and infinite zig-zag chains are typical.
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[NOJIAPU3ALITMOHHO NY-CIIEKTPAJIHO N3CJIEIBAHE HA BUCOKOTEMIIEPATYPHATA
»4EPBEHA" ®A3A HA 5-AMUHO-2-METOKCUIIUPUIVH ECTEP AMUJ HA ETUJIOBUA ECTEP
HA KBAJIPATHATA KNCEJIMHA

E. JI. Yepnesa', I1. M. Kones?*

lHHcmumym HO OP2AHUYHA XUMUSL C YeHmBbD no umoxumust, bvreapckama akademus na nayxume,
yi. ,,Akao. I'. Bonueg ™, 61. 9, 1113 Codghus,
2 Mnosouscxu yrusepcumem, Kameopa ,,Opeanuuna xumus*, ya. ,,Iap Acen** Ne 24, 4000 I1r060us

THoceemena na axao. Hean FOxnoscku no nosood na 10-ma my coouwmnuna

Ioctbnuna Ha 6 sayapu 2008 r.; Ilpepadorena na 19 mapt 2008 r.
(Pesrome)

B nama npenuinHa pabora Oe yCTAaHOBEHO, Y€ CHEIMHEHHETO 5-aMHHO-2-METOKCHUIHMPHIMH €CTep aMuJl Ha
eTUJIOBHSI €CTep Ha KBaJIpaTHaTa KUCEIMHA ce CTa0dWin3upa B Be TBbpAU (a3u B 3aBUCUMOCT OT TeMIiieparypara. Taka
HapeveHaTa ,pkbiTa’ (haza m3kpuctanusupa npu temmeparypa T = 298K u ce xapakTepusupa ¢ HELEHTPOCUMETPUYHA
npoctpaHcTBeHa rpyna CC, a Mojekyinure oOpa3yBaT IICEBIOCIOECTa CTPYKTypa MOCPEICTBOM MEMKIyMOJIEKYIIHU
NH...O=C Boxopoarn Bpb3ku (2.955 A). Bropara, amopdua ,uepsena® dasa ce momydasa B pe3yararT Ha (asos
npexox npu temneparypa ot 200°C. HellHOTO CrieKTpaiHO oxapakTepusupaHe 0 W3BBPIICHO H3IMOJI3BAHKH Bh3MOXK-
HOCTHTE Ha moJjiapu3anuonHarta MY-CrekTpocKonus Ha OPUEHTHUPAHH KOJIOMIHU CYCIEH3WH B HEMATUYeH TEUYeH
KpHCTAJl.
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