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Memooom padukanvHou nonumepuslayuu ¢ pacmeope CUHMe3UPOBansl AKpUIAMUOHbLE
2uopozenu, codeprcauwiue 6 ceoem cocmaege nopgupunossie gpazmenmul. Cunmes npogoounu ¢
RPUCYMCIMEUU UMUOA3OSIUEGLIX UOHHBIX JHCUOKOCMEN ¢ OJIUHON AIKUIAbHOZ0 3AMECIMUMENA 6
umuoazonuesom koavye om C4 0o C8. Ycmanoeneno eiuanue ucnoib3yemulx UOHHBIX HCUOKO-
cmeil Ha CIPYKMypy u HEKOMOopble C60ICHEA NOTYUEHHBIX NOPPOUPUHCOOEPIHCAUIUX AKPUIAMUO-
HbIX zudpozeneil. Beedenue ¢ peakyuonnyo cucmemy WOHHOU HCUOKOCMU C PA3TUYHOU OJTUHOU
AIKULHO20 3aMecmumens CROCOOHO OKA3bl6amb 6IUAHUE HA CHPYKMYPHbIE U3MEHEHUs, NPOUC-
xooaugue ¢ NOPPHUPUHOELIM COMOHOMEPOM 8 NPOYECCE CONOIUMEPUZAUUU C aKpUuaamuoom. B pe-
AKYUOHHOIL cpede 8 NPUCYIMCIMEUN UOHHOU HCUOKOCIU HAOI00aemcsa uH2uduposanue 0opazosa-
HUsA 6aKmepuoxaIopunonoooonsix cmpykmyp. Haubonee zamemno smom 3ghghexm nposnensemcs
C UCNOIB306AHUEM UMUOA30IUEEON WOHHOU HCUOKOCHU C ONUHOU anKuabH020 3amecmumens C8.
Yemanoeneno, umo cudpozenu, nonyuennvie 6 npucymcmeuu UmMuoA30UEBbIX UOHHBIX HCUOKO-
cmeil, 001a0al0m MeHbuiell YOeabHOU NOBEPXHOCHIbIO NO CPAGHEHUIO ¢ 2UOPOZENAMU, NOIYUEeH-
HbIMU 0€3 UCnONb306aRUA UOHHBIX dcuoKocmell. Haumenvuiue 3nauenus yoenvHou niowaou no-
6EPXHOCIU NOKA3ANU 2UOPO2ENU, CUHIME3UPOCAHHbLE C UCNOIb306aHUeM 1-okmun-3-memunumu-
oazonusn opomuoa. Taxoce odnapyscerno, ymo 66edenue UOHHOI HCUOKOCHU NPU NPOBEOECHUU CO-
ROUMEPU3AUUN AKPUNAMUOA C HOPPUPUHOELIM MOHOMEPOM 6 PACIMEOPE MOMCEm CROCOOCME0-
6amb KaK yeu4eHuIo, maxK u YMeHbUIEHUI0 YUCIeHHbIX 3HAYEHUI COPOUUOHHBIX XapaKmepu-
CIUK ROJIy4aemulX 2udpozeneil 6 3a6ucUMOCHU Om ONUHbBL AIKUIbHOZ0 3AMECIUMENs 6 UMUOa-
30711€60M KOJIbYe U COOMHOWeRuA nopgupun : akpunamuo. Hauoonvuieii cmenenvio nadyxanus
obnaoaiom 2uopozenu, CUHMEIUPOGAHHbBIE C UCNOIb306AHUEM [-2eKCUN-3-MemUIuMuoa3onus
opomuoa u 1-okmun-3-memunumuoazonus 6pomuda nPU UCX0OHOM COOMHOUICHUN NOPPHUPUH ;@ aK-
punamuod paseuvim 1:20. Bapvuposanue coommnouienus ucxoOHvlx MOHOMEPO8, CHIPYKHLYDbL UMU-
0a3071U€e601 UOHHOU HCUOKOCHIU 8 NPOYEcce CONOIUMEPUIAUUY NO360JIAEN KOHMPOIUPOEaAmy
dusuxo-xumuyueckue xapaKmepucmuxku noJyuaemvix nopgupuncodepicawiux uopozenei, Ko-
mopule Mo2ym 0blmb nOE3HbL 0713 PeUleHUs PA3TUYHBIX RPUKTAOHBIX 3a0aU.

KiroueBble cjioBa: ruaporeny NoJiMakpuiaMuaa, NOpQUPHHIIONUMEPDI, TOPQUPHHOBBIE MOHOMEDHL,
MOHHBIE KUJIKOCTH, COPOLIMOHHBIE CBOMCTBA

,Z[.]'If[ IIPITI/IpOBa]-[l/Iﬂ:
[eunnkora H.JI., CmupaoB A.C., JlrooumieB A.B., Anekcannpuiicknii B.B., AreeBa T.A. CuHTe3 ruApOrenei mornaKpu-
JaMuza ¢ noppuprHOBEIMHU (pparMeHTaMu B GOKOBOH IETIN B IPUCYTCTBUU UMHJIA30JIMEBBIX HOHHBIX XKUIKOCTEH. H36. 6)-
306. Xumus u xum. mexronozus. 2024. T. 67. Bei. 6. C. 73-79. DOI: 10.6060/ivkkt.20246706.7053.

For citation:
Pechnikova N.L., Smirnov A.S., Lyubimtsev A.V., Aleksandriiskiy V.V., Ageeva T.A. Synthesis of polyacrylamide hydro-
gels with porphyrin fragments in the side chain in the presence of imidazolium ionic liquids. ChemChemTech [lzv. Vyssh.
Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2024. V. 67. N 6. P. 73-79. DOI: 10.6060/ivkkt.20246706.7053.

ChemChemTech. 2024. V. 67.N 6 73



H.JI. IleunukoBa u ap.

SYNTHESIS OF POLYACRYLAMIDE HYDROGELS WITH PORPHYRIN FRAGMENTS
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The acrylamide hydrogels containing the porphyrin fragments have been obtained by rad-
ical polymerization in a solution. The synthesis has been carried out in the presence of imidazolium
ionic liquids with length of the alkyl substituent in the imidazolium ring from C4 to C8. The influ-
ence of the used ionic liquids on the structure and some properties of the resulting porphyrin-
containing acrylamide hydrogels has been established. The addition of an ionic liquid with a dif-
ferent length of the alkyl substituent into the reaction system can influence the structural changes
that occur with the porphyrin comonomer during copolymerization with acrylamide. The formation
of bacteriochlorin-like structures is inhibited in the presence of an ionic liquid in the reaction me-
dium. This effect is most noticeable when using an imidazolium ionic liquid with a C8 alkyl sub-
stituent length. Hydrogels synthesized in the presence of ionic liquids have lower specific surface
area compared to ones obtained without the use of ionic liquids. The lowest specific surface area
values were shown by hydrogels synthesized using 1-octyl-3-methylimidazolium bromide. It was
also found that the introduction of ionic liquid into the reaction mixture can contribute to both
increase and decrease in the numerical values of the sorption characteristics of the resulting hy-
drogels, depending on the length of the alkyl substituent in the imidazolium ring and a porphy-
rin : acrylamide ratio. Hydrogels synthesized using 1-hexyl-3-methylimidazolium bromide and 1-
octyl-3-methylimidazolium bromide at an initial porphyrin : acrylamide ratio of 1:20 have the high-
est degree of swelling. Varying the ratio of the initial monomers and the structure of the imidazo-
lium ionic liquid during the copolymerization process allows to control the physicochemical char-
acteristics of the resulting porphyrin-containing hydrogels, which can be useful for solving various
applied problems.

Keywords: polyacrylamide hydrogels, porphyrin polymers, porphyrin monomers, ionic liquids, sorption
properties

ganic solutions. These hydrogels are able to encapsu-

INTRODUCTION . . o
late hydrophobic molecules under certain conditions,

The hydrogels are a class of the polymeric ma-
terials with a three-dimensional structure, which are
able to hold large amount of water. [1-3]. In recent dec-
ades, the hydrogels have attracted scientific and indus-
trial interest due to their high water absorption, bio-
compatibility, and biodegradability [4-6]. These
unique materials have found application for biomedi-
cal purposes, including drug delivery systems [7-14],
wound dressings [15, 16], tissue engineering materials
[17-20], smart materials and various sensors [21-28],
cosmetic and agricultural products [29, 30].

The hydrogels can include not only hydro-
philic, but also hydrophobic units, which are capable
of swelling and interacting with both aqueous and or-
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which determines their use in pharmacology [9]. The
use of the tetrapyrrole macroheterocyclic compounds,
for example, porphyrins and phthalocyanines, which
have biological, catalytic, photo-, and antimicrobial ac-
tivity [31] for modifying hydrogels, is of interest in or-
der to create promising materials for various applica-
tions. In this case, the swelling behavior and properties
of the hydrogels will be influenced by the reaction me-
dium, the nature of the polymer and porphyrin.
Recently, the ionic liquids (ILs) of various na-
tures have been actively used as a replacement for tra-
ditional solvents in organic synthesis [32, 33], in par-
ticular, for the synthesis of the polymers [34, 35]. Var-
ying the synthesis parameters will affect the properties

W3B. By30B. XuMus u xuM. TexHonorus. 2024. T. 67. Beim. 6



and a structure of the resulting hydrogels, which will
make it possible to synthesize the hydrogel materials
with predetermined characteristics to solve specific
problems.

Consequently, in this short communication the
influence of imidazolium ionic liquids on the structure
and some physicochemical properties of the hybrid hy-
drogels based on acrylamide and mono-meso-allyloxy-
substituted porphyrin was investigated.

EXPERIMENTAL

Materials and methods

Acrylamide (AA) (Sigma-Aldrich, 98%) was
used to prepare the hydrogels. Azobiisobutyric acid di-
nitrile (AIBN) (Vecton, purity > 98%) was used as a
radical polymerization initiator. The reagents were pu-
rified according to the procedure [36]. The crosslink-
ing agent N,N'-methylene-bis-acrylamide (MBA)
(abecr GmbH, purity > 97%) was recrystallized from ac-
etone. Methylimidazole and corresponding bromoal-
kanes were used to synthesize 1-butyl-3-methylimid-
azolium bromide C.C4sImBr (1), 1-hexyl-3-methylim-
idazolium bromide CiCelmBr (IlI), 1-octyl-3-me-
thylimidazolium bromide C.CglmBr (111) [37, 38]. 5-
(4'-Allyloxy)-phenyl)-10,15,20-triphenylporphyrin  (P),
used as a porphyrin comonomer, was by the method in
[39]. 1,4-Dioxane (Vecton, analytical grade) was kept
over KOH for 24 h, then purified by distillation at at-
mospheric pressure.

The synthesis of the porphyrin-containing hy-
drogels was carried out by radical copolymerization in
a solution using a water bath shaker SWT-100. Elec-
tronic reflection spectra of the porphyrin-containing
hydrogels were recorded on a SHIMADZU UV-2550
spectrophotometer with a diffuse reflection attachment.

The specific surface area of the hydrogels was
studied by a Sorbi®-MS installation, designed for
measuring the specific surface area of dispersed and
porous materials.

Thermogravimetric analysis (TGA) of the hy-
drogels was performed by a Jupiter instrument STA
449 F3. Samples weighing 3-5 mg have been heated
from 30 to 600 °C at a heating rate of 10 °C/min under
a continuous stream of argon.

Synthesis of hydrogels

AIBN (0.006 mmol) and MBA (0.16 mmol)
were added to a 10 ml test tube to a solution of acryla-
mide (1.41 mmol) and the porphyrin monomer in the
mass ratio P:AA = 1:20, 1:10 or 3:20 in a mixture of
IL:dioxane = 1:40. The reaction mixture was kept in a
nitrogen atmosphere for 20 min, then the test tube was
placed in a shaker bath. The synthesis was carried out
at 70 °C and constant stirring (70-80 rpm) for 4 h. The
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resulting precipitate was filtered off, washed with chlo-
roform until the filtrate was clear, and dried at 50 °C.
Determination of the gel fraction and sorption
characteristics of hydrogels
The gel fraction of samples was determined ac-
cording to the following formula [40 — 43]:

GF = =52 100% (1),

0
where mois the weight of the dry sample before extrac-
tion, mqry is the weight of the dried gel fraction after
extraction.
The degree of swelling (SR, %) and the water
content (WC, %) of the hydrogels were determined by
the following formulas [41, 44-46]:

SR = DsTMdry 100% 2),
Mary
we = % 100% (3),

my, = Mg — Mgyy,
where my, is the weight of water in the gel, ms is the
weight of the swollen gel, mqry and ms are the masses
of dry and swollen hydrogel, respectively.

RESULTS AND DISCUSSION

The synthesis of the porphyrin-containing hy-
drogels has been carried out in dioxane with the addi-
tion of the dialkylimidazolium ionic liquids (I-111), dif-
fering in the length of the alkyl substituent in the imid-
azolium ring. It was found that non-crosslinked water-
soluble structures are predominantly formed with an
increase in the ionic liquid content in a IL:dioxane ra-
tio. The optimal IL:dioxane ratio, at which acrylamide
hydrogels with the maximum gel fraction are formed,
has been selected experimentally as 1:40, respectively.
The copolymers synthesized in a dioxane environment
without the use of IL were applied as reference samples.

R, %

80
60

40

20

300 400 500 600 700 800
A, nm
Fig. 1. Electronic reflectance spectra of the hydrogels (P:AA =
= 1:10) synthesized using imidazolium ILs: 1 — C1CsImBr (111);
2 — C1CslmBr (I1); 3 — C1CalmBr (1)
Puc. 1. 3CO rugpporeneii (cootHomenue P:AA = 1:10), momyuen-
HBIX C UCIIOJIB30BAHUEM NMHUIA30JIMCBBIX I/I)K
1—CiCslmBr (111); 2 — C1CelmBr (I1); 3 — C1CalmBr (1)
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As was shown earlier [47, 48], the porphyrin
monomers included in the polymer chain undergo
structural changes: the formation of chlorine- and bac-
teriochlorine-like structures occurs during the synthe-
sis of the acrylamide hydrogels. These changes are ex-
pressed by the appearance of an absorption band in the
region of 730 nm and an increase in the intensity of the
absorption band at 650 nm in the electronic reflection
spectra of the hydrogels, as well as in the electronic
absorption spectra of the water-soluble low-molecular
fractions. Similar effects have been found for com-
pounds obtained in an IL-solvent medium. Thus, an in-
crease in the intensity of the band in the region of 650 nm
and the appearance of an absorption band at 730 nm
are observed in the electronic reflectance spectra of the
synthesized hydrogels. However, the formation of bac-
teriochlorine-like structures is inhibited under the con-
ditions of hydrogels synthesis using the imidazolium
ILs (11) and (111). This is detected by a decrease in the
intensity of the absorption band in the region of 730 nm
(Fig. 1). The use of IL (I) does not inhibit the formation
of such structures during the synthesis of the hydrogels
in contrast to ILs (11) and (111). Thus, the introduction
of the ILs with different lengths of the alkyl substituent
can influence the structural changes that occur with the
porphyrin comonomer during the copolymerization
with acrylamide.

The specific surface area of the resulting hy-
drogels was also studied. The obtained data on the spe-
cific surface area of hydrogels synthesized in dioxane
and in an IL:dioxane mixture are presented in Table 1.

Table 1
Specific surface area of the synthesized hydrogels
Tabnuya 1. Y neabHasi IVIOAAb OBEPXHOCTH
CHHTE3UPOBAHHBIX rn)lpore.neﬁ

Specific surface, m?/g
IL P:AA P:AA P:AA
1:20 1:10 3:20
— 87,5 85,4 80,6
| 49,8 41,6 53,8
1 54,8 53,6 54,2
Il 17,0 12,8 20,5

The hydrogels synthesized in a dioxane me-
dium have a more developed specific surface area com-
pared to the compounds synthesized in an IL:dioxane
mixture. The use of C1CsImBr (1) for the synthesis of
the hydrogels makes it possible to obtain the com-
pounds with almost identical specific surface area val-
ues, ranging from 53-55 m?/g, regardless of the amount
of the initial porphyrin in the P:AA ratio. The hydro-
gels synthesized using C:CglmBr (111) have the lowest
specific surface area.
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The gel fraction of the hydrogels was calcu-
lated according to formula (1). The gel fraction ranged
from 55% to 84% depending on a ratio of P:AA and
IL:dioxane. The results obtained are presented in Table 2.

Table 2
The gel fraction of the synthesized hydrogels
Taonuya 2. I'eab-ppakuusi CHHTE3UPOBAHHBIX

ruaporesen
GF, %
IL P:AA P:AA P:AA
1:20 1:10 3:20
— 88 86 85
| 84 60 55
] 72 69 84
11 74 74 77
Table 3

Sorption properties of the synthesized hydrogels
Taonuya 3. CopounoHHbIE XaPAKTEPUCTHKH
CUHTEC3UPOBAHHBIX rnnporeﬂeﬁ

SR, % WC, %
IL | P:AA | P:AA | P:AA | P:AA | P:AA | P:AA
1:20 1:10 3:20 1:20 | 1:10 | 3:20
— | 1248 | 1108 | 1040 93 92 91
| 1196 | 1150 | 1261 92 92 93
I | 1294 | 1110 977 93 92 91
I | 1343 933 1122 92 90 92

The gel fraction of the hydrogels synthesized
without adding ILs is in the range of 85-88%. The ef-
fect of ILs on the gel fraction of the synthesized hydro-
gels is ambiguous. The addition of the IL (1) into the
reaction system leads to a decrease in the gel fraction
of the hydrogels with an increase in the amount of por-
phyrin in the P:AA ratio. The gel fraction of hydrogels
to increase from 60 to 74% with a rise in the length of
the alkyl substituent in the IL and at the mass ratio
P:AA = 1:10. The gel fraction of the hydrogels ob-
tained in the presence of C:C¢ImBr (11) and C:CglmBr
(111) reaches maximum values at the mass ratio P:AA =
= 3:20 and is equal to 84% and 77%, respectively.

Such sorption characteristics as the hydrogels
swelling degree (SR, %) and the water content (WC, %)
were calculated using formulas (2) and (3), respec-
tively. The data are presented in Table 3.

The WC of the hydrogels obtained both in the
presence of the ILs (I-111) and without them are almost
the same. The swelling degree of the hydrogels synthe-
sized in dioxane is significantly influenced by the
amount of the porphyrin in the P:AA ratio. An Increase
in the porphyrin content in the P:AA ratio leads to a
decrease in the swelling degree of the hydrogels. The
use of the ILs (I-111) for the synthesis of the hydrogels
effects the SR index differently. The swelling degree

W3B. By30B. XuMus u xuM. TexHonorus. 2024. T. 67. Beim. 6



of the hydrogels grows from 1196 to 1343% with an
increase in the length of the alkyl substituent in the IL
and at the ratio P:AA = 1:20. The hydrogels swelling
degree decreases at other P:AA ratios. An Increase in
the content of the porphyrins in the P:AA ratio leads to
a decrease in SR values when using ILs (I-111). The
water content in the hydrogels varies from 90-93%.

To determine the thermal stability of the result-
ing compounds, the thermogravimetric analysis was
carried out.

T T T T T T
100 200 300 400 500 600

Fig. 2. The thermogravimetric curves: 1 — the cross-linked un-
modified polyacrylamide hydrogel; 2 — the hydrogel synthesized
in a dioxane medium at a ratio of P:AA = 1:20; 3 — the hydrogel

synthesized in C1C8ImBr:dioxane medium at a ratio
of P:AA =1:20
Puc. 2. TepmorpaBumeTpudeckre KpuBbie: 1 — CITUTHIA HEMOTU-
(bUIMPOBaHHBIN MONHAKPUIAMHUAHBIA THIPOTENb; 2 — PHAPOTEIb,
HOJTy4eHHBIH B cpesie quoKcaHa npu cootHouennn P:AA = 1:20;
3 — ruzporens, nonydeHHsli B cpene C1C8IMBr:quokcan mpu co-
otHomrennu P:AA = 1:20

Fig. 2 shows the thermogravimetric curves of
the unmodified cross-linked polyacrylamide, the por-
phyrin-containing hydrogels obtained in a dioxane en-
vironment and in a C:CglmBr:dioxane environment at
a ratio of initial components P:AA = 1:20. The initial
weight reduction for all samples occurs when heated to
100-105 °C by approximately 5%, which is due to the
release of a bound water from the hydrogel. The nature
of the thermogravimetric curves practically does not
change with further heating of the hydrogels. The por-
phyrin-containing hydrogels are quite stable when the
temperature increases from 100 to 250 °C. Next, there
is a gradual decrease in the weight of the hydrogels af-
ter 250 °C up to 360 °C with a weight loss of about
20%. Then a sharp decrease in weight is observed with
a loss of up to 70%, followed by decomposition of the
samples after 420 °C. Porphyrin-containing hydrogels
show less weight loss compared to unmodified hydrogel.
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Thus, thermogravimetric analysis confirmed
that the resulting hydrogels are quite stable, the decom-
position of samples begins at 250 °C and reaches a
maximum at 400-420 °C.

CONCLUSIONS

Thus, it was found that the addition of the ionic
liquids with different lengths of the alkyl substituent in
the imidazolium ring to the initial reaction mixture can
control side processes affecting the structure of the
tetrapyrrole macroheterocyclic compounds during the
synthesis of the modified polyacrylamide hydrogels, as
well as influence some physicochemical properties of
the resulting compounds. It was revealed that the na-
ture of the IL used affects the gel fraction, as well as
the sorption properties of the synthesized hydrogels.
The gel fraction and the hydrogels swelling degree can
either increase or decrease depending on the length of
the alkyl substituent in the IL and the ratio of the initial
reagents.

It is worth noting that the resulting hybrid
compounds may be useful for various applications, for
example, as potential antibacterial materials and cata-
lysts.
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