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Luminescence of tautomeric forms of dyes based on the 4-valence stannum complexes was researched.
Symmetry of photoluminescence spectra of different tautomeric forms relative to direction of reading of atom
positions in the hydrazide fragment was found clockwise or anti clockwise. It was determined that the illumina-
tion of nanoparticle ensembles of dyes in A-type porous silica glass is always more intensive than in appropriate
solution. It was shown that the luminescence intensity of tautomeric forms increases, if the substituent comes
nearer to the coordination set irrespective of type and nature of substituent and type of coordination set. At the
same time, change of illumination energy of tautomeric forms depends on both type and nature of substituent
and coordination set. The results were explained by the development of inner surface of matrix and also by the
features of atom disposition in dye molecule and by interaction between them.

1. INTRODUCTION

Interest to the dyes on base of the 4-valence
stannum complexes is non-random, as far as it
is known [1-3] that such dyes are most sensitive
to the gas composition of environment, therefore
they can be used for construction of gas sensors,
used for the ecological monitoring [4]. It is a big
group of dyes, which are close structurally and
differ with some details of their molecular com-
position only. So arise an opportunity to research
the influence of these details on the optical prop-
erties of dyes. Investigation of the mechanism of
optical processes in such systems will make it
possible to improve the luminescence efficiency
of new nanostructures. It would give the opportu-
nity to create new generation of microelectronic
devices, such as new classes of luminophores and
photosensitive optoelectronics elements, which
would promote expansion of potential resources
of optoelectronics.
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It is known [5] that the dyes usually luminesce
onle in the solutions, which provide formation of
electron-vibration sublevels in the system, so its
illumination is a result of transitions among them.
We managed to find luminescence of nanoparticle
ensembles of dyes formed in A-type porous silica
glass. Illumination intensity of such system con-
siderably exceeds luminescence intensity of ap-
propriate solution.

The photoluminescence spectra of all the fea-
sible tautomeric forms of dyes based on the 4va-
lence stannum complexes with coordination sets
of 2 types and with the substituent in hydrazide
fragment of both nicotinoyl (HN*) and benzoyl
types were researched in the present paper. The
last ones were of 2 sorts: hydroxyl (OH) and
amine (NH,). We studied 4-dimethylaminbenzal-
dehydes {SnCl,ON} and Zhydroxynaftaldegydes
{SnCl,O,N}. Fig.1 shows the structural formulas
of appropriate coordination sets (e.g., see [6]).
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Fig. 1. Structural formulas of coordination sets
of 4-dimethylaminbenzaldehydes (a) and 2hy-
droxynaftaldegydes (b) in the case of hydroxyl
substituent. Loss of hydrogen atom on nitro-
gen atom occurs for providing electroneutral-
ity for amine substituents

Hydrazide fragment represents usual benzene
ring with substituent (4). The substituent can be of
nicotinoyl or benzoyl type. In the first case some
nitrogen group incorporates into the benzene ring
directly (i.e. in fact a substitution of carbon atom
with nitrogen one takes place), in the second case
one of the hydrogen atoms in some position of
hydrazide fragment is substituted with hydroxyl
or amine group. The isomeric dyes, which dif-
fer only in substituent (4) position relative to the
hydrazide fragment, are called the dyes with dif-
ferent tautomeric forms. Substituent position in
current tautomeric form is designated by number.
The bond, connecting the hydrazide fragment
with the coordination set, is market as «1». One
indicates the other positions with the natural num-
bers anticlockwise from «2» to «6» by increase.
Fig.2 shows the nicotinoyl substituent in position
«5», and benzoyl one in position «3».
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Fig. 2. Hydrazide fragment with constituent of
nicotinoyl (a) and benzoyl (b) types

2. MATERIALS AND METHODS

The porous glass A4 is obtained from sodium
boron-silicate glass. The glass is heated at the
temperature of 763 K at 165 hours in order to
separate phases rich in silica and sodium-boron.
Then it is immersed in 0.5N hydrochloric acid and
deionized water. The porosity determined from
the mass decrement after etching was: 38%. The
texture parameters of investigated glasses were
determined by adsorption poroscopy method. The
average diameter of pores was 30 nm, total aver-
age pore volume was 292 mm?® g! and the aver-
age surface areca was 54.7 m? g'!'. The residual fine
dispersed secondary silica gel presents in pores of
glass after this chemical treatment.

Nanoparticle ensembles of dyes in porous sil-
ica glass were formed by soaking glass, embed-
ding it directly into dimethylformamide (DMFA)
solution of appropriate dye with concentration
1x10 gMole I''. We have selected particularly
this solvent because it adsorbs the light in radi-
ated range minimally, and so all dyes fluoresced
most intensively in it. Storage duration of glass
in the solution of each concrete dye was verified
visually and usually formed more than 12 hours.
After finish of soaking the specimen was exposed
to low-temperature anneal that was necessary in
order to provide sufficiently uniform space distri-
bution of nanoparticles in glass.

Composition and structure of the investigated
dyes were determined by the complex of spectro-
scopic and X-ray methods. Fig.1 and Fig.2 show
these results.

Photoluminescence spectra were excited
with UV laser LCS-DTL-374QT (wavelength
A=355 nm, power 15 mW) and were recorded by
standard set-up [7].

3. EXPERIMENTAL RESULTS

Fig.3 shows photoluminescence spectra for
three dyes on the basis of complexes, molecu-
lar structures of which are the most alike. They
all have similar coordination set (depicted in
Fig.1,a), shortened {SnCl,}) and similar tauto-
meric form «2». They differ only in substituent.
The spectra, marked with thick and dash line are
for dyes with substituents of benzoil type OH or
NH,, correspondingly, and spectrum, marked with
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thin line belongs to dye with substituent of nicoti-
noyl type NH". The left part of Fig.3 corresponds
to solutions of the specified dyes in DMFA, and
the right one — to ensemble of nanoparticles in
porous matrix. One may see from the figure that
similar dyes in porous matrix glow considerably
more intensively than in solution.
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Fig. 3. Photoluminescence spectra for some
dyes, which have similar molecular structure,
in DMFA solution (on the left) and as nanopAr-
ticles ensemble in porous glass (on the right)

A comparison of the photoluminescence spec-
tra of DFMA-solutions of dyes based on the
4-valence stannum complexes and A-type silica
porous glass matrixes, soaked in same solution,
showed [8] that they have one maximum for all
the considered dyes. These spectra only differ in
glow intensity and spectral position of this maxi-
mum. Taking it into account and as the coordina-
tion set preserves its original for isomerous dyes
with different tautomeric forms we have com-
pared the histograms, which correspond with the
intensity and maximum position of photolumi-
nescence spectrum depending on the complex’s
tautomeric forms for further research.

Fig.4 shows the histograms of dependences of
intensity and maximum position of photolumi-
nescence spectra of dyes with benzoyl type hy-
droxyl (OH) substituent on its position in tauto-
meric form for the complexes with coordination
sets {SnCI,ON} and {SnCl,O,N}. One can see
that the glow intensity of nanoparticle ensemble
of dye always exceeds the glow intensity of its
solution. Dye with coordination set {SnCl,O,N}
illuminates more intensively both in solution and
in porous matrix. However, the photolumines-
cence intensity for the dye with coordination set
{SnCI,ON} increases almost sixfold by transi-
tion from solution to the nanoparticles ensemble,
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whereas for the dye with coordination set {Sn-
Cl,O,N} it increases roughly threefold only.

One can see from histograms, which describe
the change of luminescence maximum position,
that all the photoluminescence spectra are hyper-
chromic ones by transition from solution to the
nanoparticle ensemble irrespective of tautomeric
form and coordination set for the dyes with
benzoyl type
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Fig. 4. Dependence of photoluminescence in-
tensity and maximum position of its spectrum
for dye with coordination set {SnCl,ON} (on
the left) and {SnCl,0,N} (on the right) on posi-
tion of benzoyl type OH substituent in tauto-
meric form

hydroxyl (OH) substituent. We also can mark that
the wavelength of illumination differs by the change
of the coordination set insignificantly for each tauto-
meric form. In all the cases the illumination energy
of current tautomeric form of dyes based on 2-hy-
droxynaftaldegyde {SnCl,O,N} is a little less than
of those based on 4dimethylaminbenzaldehyde {Sn-
Cl1,ON}. Besides, one can conclude from histograms
that the illumination of dyes with tautomeric form
«y, in which the substitutient is most distant from
the coordination set in it, has maximal energy.

Fig.5 shows the histograms of dependences of
intensity and maximum position of photolumines-
cence of dyes with benzoyl type amine (NH,) sub-
stituent on it position in tautomeric form for the
complexes with coordination sets {SnCI,ON} and
{SnCLLO,N}. One can observe for such dyes the
same regularity as for ones with hydroxyl substitu-



ent: illumination of nanoparticle ensemble of dye in
the porous glass is more intensive than in its solution
irrespective of tautomeric form. The illumination of
dye with coordination set {SnCL,O,N} in solution is
about 2.5-fold fainter than that with coordination set
{SnCl,ON}, which has the same tautomeric form.
Intensity of photoluminescence for the dye with co-
ordination set {SnCL,O,N} increases by almost ten
times by transition from solution to the nanoparticle
ensemble, whereas for the dye with coordination set
{SnCl,O,N} it increases less than 2-fold (while for
the tautomeric form «4» it doesn’t change practically
in this case).

Researching change of maximum position of
photoluminescence spectrum for dyes with ben-
zoyl type amine (NH,) substituent on its position in
tautomeric form shows bathochromic shift of pho-
toluminescence spectra for all tautomeric forms of
dyes with coordination set {SnCI,ON} by transition
from solution to the nanoparticle ensemble, where-
as in the case of coordination set {SnCL,O,N} they
remain hyperchromic. Herewith the wavelength of
illumination, when tautomeric form changes for the
case of coordination set {SnCl,O N}, changes to a
very little degree (within 10 nm). Same effect occurs
also for the solution of dyes with coordination set
{SnCl,ON}. However, wavelength of illumination
changes more considerably (up to 50 nm) by transi-
tion to the nanoparticle ensemble in this case. [llumi-
nation of dyes with tautomeric form «4», in which
substituent is the most distant from coordination set,
also has maximal energy for this substitutient.
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Fig. 5. Dependence of photoluminescence inten-
sity and maximum position of its spectrum for
dye with coordination set {SnCl ON} (on the left)
and {SnCl,O,N} (on the right) on position of ben-
zoyl type NH, substituent in tautomeric form

The dyes with nicotinoyl type amine (HN") sub-
stituent behave somewhat in a different way. Fig.6
shows that the histograms of dependences of pho-
toluminescence intensity on the substitutient po-
sition in tautomeric form are very similar for both
types of coordination sets for the dyes with such
substitutient. In both cases the illumination intensity
changes to a little degree for different tautomeric
forms in solution, but by transition from solution to
the nanoparticle ensemble it increases about by ten
times (for the tautomeric form «4» this increment
is a little less). The difference is only that the dyes
based on 2-hydroxynaftaldegyde {SnCl,O,N} glow
about 4-fold more intensively than those based on
4dimethylaminbenzaldehyde {SnCl,ON}.However
quite notable difference in dependences of photo-
luminescence spectra of dyes with nicotinoyl type
amine (HN") substituent on the substitutient posi-
tion in tautomeric form deduces from histograms of
change of maximum position of photoluminescence
spectrum of dyes with such substituent as against
similar spectra of dyes with benzoyl substituent. As
distinct from dyes with benzoyl type substituents ra-
diant energy decreases for these dyes when substitu-
ent moves away from coordination set (irrespective
of its type), and thus it turns out to be minimum for
tautomeric form «4». Besides, hypsochromic shift of
photoluminescence spectra takes place for all tauto-
meric forms by transition from solution to nanopar-
ticle ensemble for dyes on the basis of 4-dimethyl-
aminbenzaldehyde {SnCI,ON}, whereas spectra
remain hyperchromic for the dyes on the basis of
2-hydroxynaftaldegyde {SnCL,ON} irrespective of
tautomeric form.
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Fig. 6. Dependence of photoluminescence inten-
sity and maximum position of its spectrum for
dye with coordination set {SnCl ON} (on the left)
and {SnCl,O,N} (on the right) on position of nic-
otinoyl type HN" substituent in tautomeric form
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4. DISCUSSION

The nature of occurrence of nanoparticle en-
semble glow in pores of porous silica glass is the
same as in solution: luminescence occurs as conse-
quence of transition between level, situated close
to bottom of first excited dye molecule state, and
set of electron-vibration sublevels of its ground
state. Intensity of photoluminescence at that in-
creases on the account of development of inner
matrix surface and due to insignificant probability
of aggregations’ appearance because of presence
of residual silica gel in pores of A-type matrix, it
always exceeds intensity of glow of appropriate
solution. The silica gel prevents aggregation of dye
in big pores by covering the formed dye nanopar-
ticles [9-10]. It is known [11-13] that aggregation
would lead to dye bleaching. Effect of increasing
of photoluminescence intensity of dye in porous
glass takes place irrespective of type of their coor-
dination set and tautomeric form of dyes based on
4-valence stannum complexes.

Invariability of photoluminescence spectra oc-
curs relative to direction of reading of positions
of atoms in hydrazide fragment clockwise or anti
clockwise for tautomeric forms of all the dyes
based of 4-valence stannum complexes both in
solution and in the case of nanoparticle ensemble.
That is, tautomeric forms with substituents in posi-
tions «2» and «6» or «3» and «5» turn out to be
equivalent. This conclusion seems trivial at first,
as all connections of benzoyl ring are equivalent.
Nevertheless, on account of possible intramolecu-
lar hydrogen bondings the specified tautomeric
forms are not necessarily equivalent. The obtained
results show that intramolecular hydrogen bond-
ings are not formed in the researched complexes
for any coordination sets, tautomeric forms or sub-
stituents.

Glow intensity increases when substituent in
hydrazide fragment moves closer to coordination
set for all tautomeric forms both in dye solution
and in its nanoparticle ensemble. This effect can be
considered as direct consequence of symmetry of
tautomeric forms relative to direction of reading of
atom positions in hydrazide fragment. Indeed, as
tautomeric forms are equivalent to substituents in
positions «2» and «6» additional rotation symme-
try occurs in dye molecule. It causes formation of
additional electron rotational levels, fit for radia-
tive transition.
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In order to explain the dependence of dye radi-
ative energy on substituent position in tautomeric
form one should assume presence of two compet-
ing mechanisms in the system. One is connected
with interaction of substituent with coordination
set, and the other is connected with the degree of
freedom of the substituent in relation to benzoyl
ring of hydrazide fragment. Let us recall that at
substitution nicotinoyl type substituent incorpo-
rates into benzoyl ring of hydrazide fragment,
substituting carbon therein. At that no additional
degree of freedom appears in the substituent. On
account of interaction of substituent and coordi-
nation set some energy is radiated, and the closer
the substituent to coordination set is, the higher
the energy is. And that is why histogram, repre-
sented in the lower part of the Fig.6, shows that
maximal radiative energy corresponds to tauto-
meric forms with the closest to coordination set
substituent «2» (or «6»), and minimal energy cor-
responds to tautomeric form with the most distant
from coordination set substituent «4», as one may
see from maximum position of photolumines-
cence spectra. In the case of benzoyl substitution
small hydrogen atom in benzoyl ring of hydrazide
fragment is substituted by bulky group of atoms,
which can vibrate relative to benzoyl ring. The
further from coordination set benzoyl type sub-
stituent is, the more intensively it can vibrate, and
the more electron-vibration states, fit for radiative
transition, occur in the system, that, as follows
from histograms shown in the lower part of Fig.4
and Fig.5, with a vengeance compensates losses,
connected with substituent’s moving away from
coordination set. Thus, at benzoyl substitution
maximal radiative energy corresponds to tauto-
meric form with maximally distant from coordi-
nation set substituent «4».

5. CONCLUSIONS

[llumination intensity of nanoparticle ensem-
bles of dyes based on the 4-valence stannum com-
plexes in the pores of porous silica glass is always
more than illumination intensity of appropriate
solution. Herewith the luminescence intensity of
dyes of such type with hydroxyl substituent was
always more than in case with the amine one.

Symmetry of photoluminescence spectra rela-
tive to clockwise or anti clockwise reading of



atom positions in the hydrazide fragment takes
place for the tautomeric forms of all the dyes
based on the 4-valence stannum complexes both
in solution and for nanoparticle ensemble. Here-
with the Illumination intensity increases if the
substituent in the hydrazide fragment moves clos-
er to the coordination set for all the tautomeric
forms both in dye solution and in its nanoparticle
ensemble. Probably this effect was connected
with appearance of additional electron-rotational
states, which would suit for radiative transition.
It’s a consequence of the degeneration due to
abovementioned symmetry. At the same time, it
was shown that the change of illumination energy
of tautomeric forms depends on both type and na-
ture of substituent and on coordination set.

Radiative energy at nicotinoyl substitution is
minimal for the tautomeric form with substitu-
ent, which is most distant from coordination set.
However, at benzoyl substitution radiative energy
will be maximal for such tautomeric forms.
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PHOTOLUMINESCENCE OF TAUTOMERIC FORMSOF NANOPARTICLE ENSEM-
BLES OF DYES BASED ON THE 4-VALENCE STANNUM COMPLEXES IN POROUS
SILICA GLASS

Summary
Luminescence of tautomeric forms of dyes based on the 4-valence stannum complexes was re-

searched. Symmetry of photoluminescence spectra of different tautomeric forms relative to direction
of reading of atom positions in the hydrazide fragment was found clockwise or anti clockwise. It
was determined that the illumination of nanoparticle ensembles of dyes in A-type porous silica glass
is always more intensive than in appropriate solution. It was shown that the luminescence intensity
of tautomeric forms increases, if the substituent comes nearer to the coordination set irrespective of
type and nature of substituent and type of coordination set. At the same time, change of illumination
energy of tautomeric forms depends on both type and nature of substituent and coordination set. The
results were explained by the development of inner surface of matrix and also by the features of atom

disposition in dye molecule and by interaction between them.
Key words: photoluminescence, porous glass, dyes on base of stannum complexes,

tautomeric forms, nanoparticle ensembles
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1. K. Jloiiuo, C. A. I'eseniox, E.Puwsxesuu-Ilacex

OOTOIIOMIHECHEHIIA TAYTOMIPHUX ®OPM AHCAMBJIIB HAHOYACTHHOK
BAPBHUKIB HA BA31I KOMIIVIEKCIB 4-BAJIEHTHOT'O CTAHYMY B CEPE/IUHI
HIIMAPUCTUX CUJIIKATHUX CTEKOJI

Pesrome

JlocimKkeHOo TIFOMiHE CIICHITIF0 Tay TOMIpHHX (hOpM OapBHUKIB HAa 0a31 KOMIUIEKC1B YOTHPUBAJICHTHOTO
cTaHyMmy. BusiBieHo cimMeTpito crekTpiB (hOoToMOMIHECIICHIIIT PI3HUX TayTOMIpHUX (OPM BiZIHOCHO
HaNpSMKY BIJUIIKY HO3HIIII aTOMIB y Tipa3uIHOMY (parMeHT! 3a CTPLIKOI IOIMHHUKA a0 MpoTH
Hel. BusBneHo, mo CBITIHHA aHCaMOJIF0 HAHOYACTMHOK OapBHMKA Yy HIMAPUCTOMY CHIIIKATHOMY
CKJI TUIy A € 3aBXAM OUIbII iHTEHCUBHUM, HIXK y BIANOBITHOMY po3umHi. [IpogemMoHcTpoOBaHO,
10 1IHTEHCUBHICTh JIIOMIHECIEHIIIT TayTOMIPHUX (OPM 3pOCTa€, SKIIO 3aMICHUK HAOIMKAETHCS 10
KOOPAMHALIIHOTO By3J1a, HE3aJI€KHO Bl TUITY 1 IPUPOIHU 3aMICHUKA U TUITY KOOPAMHALIMHOTO By3Ja.
HaromicTh, 3MiHEHHS €HEprii BUIPOMiHIOBAHHS TayTOMIpHIX ()OPM 3aJI€KUTh 5K B/l TUITYy 3aMiCHHKA,
TIK 1 B1J] HOTO MPUPO/IY 1 KOOPAUHALIHHOTO By3J1a. Pe3ynbTraT HOsSICHEHO PO3TOPHYTICTIO BHY TPILIIHBOT
MMOBEPXHI MaTPHIIi, a TAKOXK OCOOTUBOCTAMHU PO3MIIIIEHHS aTOMIB BCEPEINHI MOJIEKYJIU OapBHUKA Ta
B3aeMO/Ii1 MK HUMH.

KurouoBi ciioBa: hotontoMiHecHe IS, MIMapUCTi CTeKIa, OapBHUKH Ha 0a31 KOMIUIEKCIB CTaHyMY,
TayToMipHi hopMu, aHcaMOJIi HAHOYACTHHOK

UDC 621.315.592

U. K. Hotiwo, C. A. I'eseniox, E. Pvicakesu-Ilacex

®OTOJIOMAHECIHEHIIUS TAYTOMEPHBIX ®OPM AHCAMBJIE HAHOYACTHII
KPACHUTEJIE HA OCHOBE KOMILJIEKCOB 4-BAJJEHTHOI'O OJIOBA B
MOPUCTBIX CUJIMKATHBIX CTEKJIAX

Pe3rome

HccnenoBana JTIOMHHECHEHIIMS TayTOMEPHBIX (OpM KpacuTeldell Ha OCHOBE KOMIUICKCOB
4yeThIpEXBaJICHTHOrO osioBa. OOHapykeHa CHUMMETPHs CHEKTPOB (DOTONIOMUHECIEHIIUN Pa3HBIX
TayTOMEPHBIX (OPM OTHOCHUTEIBHO HANpaBJICHUS OTCUYETAa MO3UIMI aTOMOB B TUIPA3ZUIHOM
(dbparmMenTe 1o, MO0 MPOTUB YACOBOM CTPENIKU. YCTAaHOBIICHO, YTO CBEUCHHUE aHCAMOJIsI HAHOYACTHI]
KpaCI/ITeHH B HOpI/ICTOM CUJIMKATHOM CTCKJIC THUIIA A BCCraa UHTCHCHUBHEC, YEM B COOTBGTCTByIOH_[eM
pactBope. [lokazaHo, YTO MHTEHCUBHOCTb JIIOMUHECLEHIIMM TayTOMEPHBIX (POPM BO3pacTaeT MpHu
MIPUOJTNKEHUH 3aMECTUTEJIS K KOOPINHAIIMOHHOMY Y31y, He3aBUCHMO OT THIIA U IIPUPOJIBI 3aMECTUTENS
U THINIA KOOPAMHALIMOHHOIO y371a. BmecTe ¢ TeM, U3MEHEHHE DHEpPruu U3JIy4eHHUsS TayTOMEPHBIX
(dhopM 3aBUCUT KaK OT THIIA 3aMECTHUTENISA, TaK U OT €r0 MPHUPOAbI, U OT KOOPAWHAIMOHHOTO y3Ja.
Pe3ynbrarel 00BICHEHBI pa3BUTOCTHIO BHYTPEHHEHN MTOBEPXHOCTH MATPHIIBI, & TAKKE 0COOCHHOCTSIMHU
paCHOJIO)KeHI/IH aTOMOB B MOHeKyJIe Kpachenﬂ 158 BSaHMOHeﬁCTBHﬂ MG)KIIy HHUMMN.

KuioueBble ci1oBa: (GOTOIMIOMUHECHICHIIHS, TTOPUCTOE CTEKIJIO, KPACUTENIN HA OCHOBE KOMIUIEKCOB
0JIOBa, TayTOMEpHBIE (POPMBI, aHCAMOIN HAHOYACTHIL

37



