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NITROGEN-CONTAINING CHELATE COMPLEXES AND
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By the interaction between N-methylolthiourea and Co?*, Mn?* acetates are
obtained compounds that were later used for the synthesis of vinyl bifunctional
groups containing polymerizable chelate complexes. These compounds are
recommended to be used as crosslinkers for obtaining, on the basis of water-based
soluble monomers, spatially cross-linked water-swellable copolymers with applied
purpose. There are dynamics of water absorption of copolymers from the time of
their stay in water.
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Introduction. There is a fairly large amount of information in the literature
on thio-urea derivatives and their applied purposes. In particular, in [1-3], there is a
number of thiourea derivatives, which are recommended for use as plant growth
stimulants, pesticides, herbicides, fungicides, bactericides, etc. In 1944, Professor of
Yerevan State University, M. T. Dangyan published an extensive scientific article on
thiourea derivatives and their applied importance [4]. Functionally active thiourea
derivatives are also mentioned in [5].

Considering all mentioned above, the development of the synthesis of new
reactive thiourea derivatives and chelate complexes based on them is of both
scientific and applied interest.

Carrying out the reaction between N-methylolthiourea and Co?** and Mn?
acetates, the following chelate compounds were obtained, the dimensional structure
of which is represented as:
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By the reaction of (I) and (Il) with N-methylolacrylamide were obtained
acrylamidyl functional groups containing derivatives of chelate compounds (1), (I1).

(1), (1)+ CH=CH — C(O)NHCHO0H ——

S H,NH
/ ocC ZN
H,=( ( C__ 2 2

M=Co?*(1j1),  Mn?*(1v),

Compounds (I11) and (IV) were studied by IR spectroscopy and elemental
analysis. These data are presented in the Tab. 1.

Table 1
Elemental Composition and IR Spectra of Compounds (I)-(1V)
, Elemental analysis, %,
Compounds Complexes IRspec_tlra, Founded / Calculated
colours v, cm
C H N S M
| Darkviolet [315-320 (Co-0), 17.8 36 | 20.7| 29.9 21.8
1410-1413 (N-C(S)-N), 17.84 | 3.72 | 20.72| 29.79 | 21.93
3280 (-NH2), 2850 (CHy).
I Brown [410-415 (Mn-0), 18.2 39 | 212 243 20.5
1405-1415 (N-C(S)-N), 18.11 | 3.77 | 21.13| 2415 | 20.75

2850 ((CH2), 3250 (NHy).

i Pink  [320-325 (Co-O), 332 | 45 | 195| 146 | 134
1410 ((N-C(S)N), 331 | 46 | 1931| 1471| 1356
1630 (CH=CH),
1695 (C(O)-N).

v Light black [410-415 ((Mn-O), 333 | 47 | 195| 147 | 128
1415 (N-C(S)-N), 3341 | 464 | 1949 1485 | 1276
1640 (CH=CH),
1695 (C(O)-N),
2850 (CHy).

The bifunctionality with respect to vinyl groups of compounds (111) and (V)
and their compatibility with water-soluble monomers (acrylic acid, acrylamide and
their derivatives) were used to obtain a spatially crosslinked water-swellable
copolymer.

In an aqueous medium, with the participation of compounds (I11) and (IV),
carrying out radical copolymerization between acrylic acid (AA), its sodium salt
(Na—-AA) and acrylamide (AM), in the presence of ammonium persulfate, spatially
crosslinked water-swellable copolymers were obtained, the structure of which can
be represented as follows:
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— (CH2— CH)m — (CH,— CH)n— (CHz— CH); — (CHz— CH), —

C(0)OH C(O)NH2 C(0)ONa C(O)NHCH2NHC(S)NHCH:0

M__
M:CO(V)' Mn(\/l), mrny|vkzlyzy3m .

Subsequently, the dependence of water absorption of the crosslinked
copolymers on time in water were observed. The results of this dependence are
presented in Tab. 2.

Table 2

Dependence of water absorption of copolymers on their composition and stay time in water.
Concentration of monomers in the initial mixture:
[AA]=1.3 mol/L, [AM]=0.7 mol/L, [Na—AA]=0.7 mol/L, V=50 mL

Mole ratio in copolymer Water absorption —Z—22"__ stay time, min
[AA] + [Na — AA] + [AM] 1 g copolymer
[VIor Vi) 10 | 20 | 30 50 60 | 80 | 100 | 120
135.0 30.0 | 70.0 | 100.0 | 210.0 | 250.0 |320.0 | 400.0 |430.0
54.0 450 |110.0 | 180.0 | 240.0 | 300.0 |330.0 | 420.0 |560.0
27.0 100.0 | 200.0 | 240.0 | 350.0 | 470.0 |530.0 | 620.0 |720.0
18.0 95.0 | 160.0 | 220.0 | 300.0 | 380.0 |420.0| 560.0 |630.0
135 60.0 | 75.0 | 110.0 | 180.0 | 280.0 |330.0 | 430.0 |540.0
5.4 200 | 280 | 350 | 550 | 850 |110.0| 170.0 |210.0
2.7 130 | 21.0 | 30.0 | 410 | 500 | 57.0 | 63.0 | 75.0

As follows from Tab. 2, with an increase in the concentration of the
crosslinker, water absorption of the crosslinked copolymer decreases, which is
associated with the density of the 3D-structure formed between copolymers
macromolecules. The highest water absorption is reached when the mole ratio of the
sums of copolymerizable monomers units to crosslinker is 27.

Experimental Part. IR spectra of compounds I-V1 were obtained on Nicolet
FT-IR Nexus spectrometer. The content of Co?*, Mn?*, Na* in compounds 1-VI were
determined by atomic absorption spectrophotometer AAS-3. The elemental
composition of compounds -1V was determined according to [6]. Co[OC(O)CHs]-
and Mn[OC(O)CHjs]. (“analytical grade™), 27% aqueous formaldehyde solution were
used. N-methylolacrylamide was synthesized according to [7]. Thiourea was used
after its crystallization from the water. AA was used after distillation, at bp 141°C.
AM was purified by recrystallization from the water, at mp 84.5°C. N-methylol-
thiourea (MTU) was obtained according to [8].

Synthesis of Compounds | and Il. 5.3 g (0.05 M) of MTU and 4.425 ¢
(0.025 M) of Co[OC(O)CHs]. or 4.32 g (0.025 M) of Mn[OC(O)CHzs]. were
intensively rubbed with 15 mL of ethyl alcohol. The reaction mixture turned purple
in the presence of compound (1) and light brown in the presence of compound (11).
Then the reaction mixtures were thoroughly washed with dehydrated acetone,
chloroform and ether, and were dried under vacuum (1.5-2.0 mm Hg) at 70-75°C to
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constant weight. The yield was 85% for (1) and 79% for (11). Compounds (1) and (1)
start to decompose at temperatures above 150°C.

Synthesis of Compounds 111 and 1V. 3.36 g (0.0125 M) of (I) or 3.26 ¢
(0.0125 M) of (1) and 2.25 g (0.025 M) methylolacrylamide are thoroughly ground
with 15 mL of ethyl alcohol. The reaction between these compounds is carried out
with intensive vigorous stirring at 70-75°C for 1.5 h.

The reaction mixture turned pink in the presence of compound (I11) and light
black in case of compound (1V). Then the reaction mixtures were thoroughly washed
with dehydrated acetone, chloroform and ether, and were dried under vacuum
(1.5-2.0 mm Hg) at 70-75°C to constant weight. The yield was 73% for (I1l) and
68% for (IV). These compounds have ability to thermal polymerization at
temperatures above 155°C.

Copolymerization of AA, Na-AA, AM in the Presence of (I111) and (1V). The
reactor was filled with 85.6 mL of distilled water, 14.4 mL (0.07 M) of NaOH,
5.68 g (0.08 M) of AM and calculated amountof (I11) or (IV), in order to obtain
copolymers with the link composition represented in Tab. 2. The reaction mixture
was stirring and bubbling with nitrogen. Then, 0.96 g (0.0042 M) of (NH.).S:0s
was added into the reactor. Without stopping bubbling with nitrogen, the
copolymerization was continued at 70-75°C for 1.5-2 h. At the indicated time, the
conversion of monomers was 97%. The swollen copolymer gel was sedimented in
ethyl alcohol, dried under vacuum (1.5-2.0 mm Hg) at 70-75°C to constant weight.
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ud2ns MuUrNrFudunNg vLUSU8ht UNUMLELULEN B
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N-dtiphnehnihquiyniph b Co** L Mn?* wglimwwnbtiph thnpuwgntgni -
eyl wpyniipnid unwigyty G thugnipynibibitip, npnip himwquynmy ogquw-
qnpoyty L Jhuhjuhtt phdnibyghnbwy fudpbp wwpnibwlng  wnhdtpgtin
panniiwy hukunmughtt Yndyytipu thwgnipynibbtph uvmugiwd hwudwnp: Wn
dhwgnipynibbtipp, nputiu Juphsitip wowewpyud b oquwgnpdty gopunid
Untindbipitiph hhdwt ypu mupumdwjui jupgwsé gpnid ninsnn Jhpunwjub
pwbwlnipynLh nLiitignn hmdwwnihdbtipttiph unwgdwt hwdwp: Munidduwapp-
Jwo t hwdwwynhdtipbtph gpujutdwbt nhtwdihjud’ juhijud npubg opnid
1httnL dwdwbwlhg:

B. M. MABUCAKAJISIH, M. JI. EPUIISIH

A30TCOEPXKAIIME XEJIATHBIE KOMIIUJIEKChBI 1 MOHOMEPbBI
HA X OCHOBE

B pesynaprare B3auMoOAEUCTBHUA MeXJy N-METHUIOJITHOMOYEBHUHOM U
aneraramu Co?* u Min?* 10JTy4€HBI COETMHEHHNS, KOTOPBIE OBLIH UCIIOIB30BaHbI IS
CHUHTE3a CIHOCOOHBIX K TIOJIMMEPH3AIMH XEIATHBIX KOMIUIEKCOB, COJIEpXKAIIuX
BUHWJIOBbIC OWU(PYHKIIMOHAIBHBIE TPYMIbl. OJTH COCAWHEHHS PEKOMEHIYeTCS
WCIIONb30BaTh B KadeCcTBE CINMBATENEW MJIs IOJy4eHHUS Ha OCHOBE BOJOPACT-
BOPUMBIX MOHOMEPOB MPOCTPAHCTBEHHO-CIIUTHIX BOJOHAOYXAIOIIUX COMOIUMEPOB,
MMEIOIINX MPUKIaAHOE 3HaueHue. M3yueHbl 3aBUCUMOCTH TUHAMUKHU BOJOIOTIIO-
IIEHUSA COMMOJIMMEPOB OT BPEMECHU UX Hpe6I)IBaHI/I$I B BOJE.



