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Cucmemobt omonjieHuss 00M08 U NPeORPUAMUIL RUWLEEOI NPOMBIUICHHOCIU MPedyom
UCHRONIb306aHUS 8000l 6bLCOKOIL ouucmiu. C yenbio noevlUeHUA Kauecmea mexXHU4ecKoll u numo-
€601l 600bl NPOBOOUTIUCH IKCHEPUMEHMBL HO UBMEHEHUIO HCECMKOCHU 800bl, OMOOPAHHOIL 6 Ue-
moipex paiionax 2. Kazanu, c nomowpro 0o6asnenus k neii f-ananuna u l-acnapazuna, Kak azex-
moeé 00pa3zosanus KOMHIEKCO8 C UOHAMU Kanbyua u maznusa. Ilonyuennvie pe3yibmamosl noKa-
341U, Ymo 6blOPAHHbIEe AMUHOKUCIONMDBL 8 IKCHEPUMEHMANIbHBIX YCI08UAX CHOCOOHBI CHUMICAMDb
JHCECMKOCHb U yeeauyueamsy Kavecmeo 600wt 6 1,1-1.2 paza. Imu oannwle 00601610 X0POUuLo co-
2714CYIOMCs CO CMeXUOMEempuieckKum 63aumooeiicmeuem UoH08 MEmauiiloe u AMuHOKUCI0mMou.
CnedosamenvHo, OanbHeluLe20 ROHUNCEHUA HCECMKOCMU MOMCHO 00CMUYb yeeauueHuem o0o-
Oasku amunokuciomol. Boluucnennsie meniomol CHCU2AHUA U 00PA308AHUA KOMNIEKCO8 KAJlb-
WU U MACHUA C f-aNaHUHOM u l-acnapazunom noomeepounu IKCREPUMEHMAIbHbBLE PE3YbIAMbl
omuocumenvbHo ux cmaounvHocmu. Takue skcnepumenmaivHvle pe3yabmamsl HOOYOUIU HAC K
evtuucienutro mennomol czopanusn (A-H°) u oopazosanusn (4H°) komniexcoe kanvyus u MazHus
C 6bIULEYKA3AHNBIMU aMUunOKuciomamu [memani(amunoxkucnoma)s, A-He, AH® (kJ mol'+ 0.5 %
COOMBENICHBEHHO), YUCTO0 8A/ICHMHBIX IJ1eKmponos (N-g)] 6 coomeemcmeuu co cxemoi mepmo-
xXumuueckux uccieooeanuii. Ha ocnosanuu ananusa mepmoouHamuieckKux pacuemos ouli coe-
J1aH 6b1600 0 CMAOUTbHOCIU KOMNIEKCO8 AMUHOKUCIOMA — MEmMall, m.e. 00 Ihhexkmuenom ces-
3b18AHUU AMUHOKUCTIOMAMU KAMUOHO8 WE/I0UHO3EMENIbHbIX Memainos. bviino npednosiceno uc-
HONIb306aMb GbIUIEYKAZAHHBIE AMUHOKUCIOMbL UL CUHME3UPOBAHHbBIE HA UX OCHOBE MAJlble Nen-
muobl, NPUKPENnIeHHble K COPOUUOHHBIM PuIbmpam 6 npouecce 6000n0020MOGKU TUOO HENO-
CpeocmeeHHo, 1ubo Ha ONUHHBIX «HOoNHcKax». Tozoa kamuonsl 6y0ym 3adepicueamuvcs HaA Puinb-
mpax, a camu Guabmpvl MOHCHO OyOem peceHepuposams H000OHO UOHOOOMEHHBIM MAMEPUATAM.

KuroueBble cjioBa: TeXHUYECKask BOJA, MUTHEBAs BOJA, )KECTKOCTh BOABI, AJaHHUH, acCllaparvH, Kajb-
Ui, MaTHUA, TEIUTIOTa CTOPaHus, TSIIOTa 00pa30BaHU
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The home heating systems as well as the food industry require a high degree of water
purification. In the aims of the increasing of the quality of technical and potable water the ex-
periments on the determination of the rigidity of water have been carried out in the fourth dis-
tricts of Kazan after the addition to the water samples of f-alanine and l-asparagine as the agents
for the complex formation with calcium and magnesium salts. The obtained results showed that
the chosen amino acids able to reduce the rigidity and increase the quality of waters in 1.10-1.22
time. The calculated heats of combustion and formation of complexes of calcium and magnesium
with alanine and asparagine confirm the conducted experimental results on their stability. Such
experimental results prompted us to calculate the heat of combustion (A.H°) and formation
(4H°) of complexes of calcium and magnesium with the mentioned above amino acids
[Met(amino acid),, AH°, AH° (kJ mol'% 0.5 % , respectively), number of valence electrons
(N-g)] in according to the scheme of thermochemical research. It has been suggested to introduce
the above mentioned amino acids or synthesized on their base little peptides into sorption-filters
at the water preparation process.

Keywords: technical water, potable, water rigidity, alanine, asparagines, calcium, magnesium, com-
bustion heat, formation heat
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INTRODUCTION

The home heating systems as well as the food
industry require a high degree of water purification.
The general rigidity of water is characterized by the to-
tal contents of the calcium and magnesium cations and
expressed in mmol 1. The rigidity sub-divide on the
soft (1.5-4.0 mmol 1), middle (4.0-8.0 mmol I'") and
very rigid (8.0-12.0 mmol 1""). The top limit of the ri-
gidity of the potable water in the systems of the water
supply on operating the sanitary norms should not ex-
ceed 7 mmol I [1-3].

To make the water suitable for the use in vari-
ous industries and especially in the potable it subject to
the softening. In the system of the water-preparation
for the struggle against the water rigidity often use the
reagent, ion-exchanging, thermal and other methods of
the softening [1,2].

There is an internet-information, that NuFresh
Water System Company suggested to use alanine as
"a water softener ... non-toxic and biodegradable ... to
introduce it as water softener to combat skin roughness
and dull hair" [4].

Taking into account the above mentioned in-
formation [4], we chose not expensive and non-toxic
f-alanine and [-asparagine as the means for the receiv-
ing of the water softness due to the interaction via com-
plex formation between titled amino acids and Ca and
Mg salts in technical and potable waters. Such asser-
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tion requires the determinations of the rigidity of tech-
nical and potable waters.

METHODS AND EXPERIMENTS

The definition of the rigidity of technical and
potable water.

In a conic flask on 250 ml it has been placed of
100.0 ml of the selected technical and potable water, it
has been added the 5-7 drops of the indicator "eri-
chrom-black" and it have been titrated with trilon B
with normality N is equal 0.05 until the change of the
paint from red up to dark blue [3]. An average volume
of trilon B, necessary for the definition of the general
rigidity of water, defined by three experiments with a
mistake + 0.05 ml. The general rigidity of potable wa-
ter (Rg) counted on the formula (1),

Rg = (N LF Vir) 1000 mmol (', (D
Vtest

were N is concentration of trilon B, F is coefficient, as
usually, equal to 1, V¢r is a middle volume of trilon B,
which was used on the titration, Vtest is a volume of
water, which was used for the analysis.
Thermochemical calculations.

To be assured, that the use of chosen amino acids can
be successful for this aim necessary to do the calcula-
tion of such thermochemical parameters as the heat of
combustion and formation metal-amino acid, which
can witness the trustworthy the above suggestion.
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The heats of combustion (D.H°) of all com-
plexes Met(amino acid), is occurs accordingly to the
equation (2), in which introduced a solid (s), liquid (1)
and gas (g) reagents and products of combustion.
C.HN.OMet(s) + nO2 (g) - xCOx(g) + yH0(1) +

+ zNx(g) + dMetO(s) + A.-H® 2

The heats of combustion were calculated with
the use of computer program [5], in which have been
included the equation (3), because of it received on the
experimental values of AcH° of twenty amino acids.
The N parameter is the number of valence electrons
from which is subtracted g is a number of lone electron
pairs of heteroatoms in amino acids [6]

DH°=25.0-1053(N-g) 3)

The heats of formation (A °) of all complexes
were calculated with the use of Hess-law (Eq. 4),
which contains the heats of formation of all values of
products (Eq. 2)

DcH °=X I’liAfH oproducts - anAfH oreagems

RESULTS AND DISCUSSION

“4)

The all mentioned above prompt us to use an
ecologically safe amino acids f-alanine and /-asparagine
as the means for the softness of technical and potable
water. It is known that amino acids form the stable com-
plexes with some metals [7], but there is not information
about their use for the softness of water. All waters have
been taking from the different districts of Kazan and
three times were undergoing to the analysis on the rigid-
ity by the method represented in experimental part. The
obtained results represented itself the next:

1. The calculated on formula (1) the general ri-
gidity of technical-potable water of Novo-Savinovsky
district is 4.9 mmol-1"' (Vtr is 9.8 ml). After the addi-
tion of 0.021 g-1"! B-alanine the general rigidity was 4.4
mmol-1"! (Vtris 8.9 ml) and was reduced in 1.10 time.

2. The potable water of Sovetsky district un-
dergo to the titration with the trilon B (V#ris 11.0 ml,
the rigidity is 5.5 mmol-1"). After the addition of 0.020
g-1"! B-alanine (Vir is 8.9 ml) the rigidity (4.5 mmol-1")
was reduced in 1.22 time.

After the addition of 0.021 g-1"' l-asparagine
(Vtr is 8.9 ml) in the next probe the rigidity (4.9
mmol-1"") was reduced in 1.12 time.

3. The technical water of Laishevo district un-
dergo to the titration without of trilon B (Vzris 12.9 ml,
the rigidity is 5.9 mmol-1"). After the addition of 0.020
g-1"! B-alanine (Vir is 9.9 ml) the rigidity (4.9 mmol-1-
1) was reduced in 1.20 time.

4. The technical-potable water of Derbyshky
district undergo to the titration without of trilon B (Vtr
is 11.9 ml, the rigidity is 5.9 mmol-1""). After the addi-
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tion of 0.020 g-1"! -alanine (Vir is 9.9 ml) the rigidity
(4.9 mmol-1"") reduced in 1.20 time.

However necessary to add to these experi-
ments the next explanation. The general quantity of Ca
and Mg salts in the extracts is equal ~0.5 mmol and the
stechiometric relation between metal and amino acid in
complexes is equal 1:2. Consequently, only 0.11 mmol
or about 20% of metal is connected with amino acid.
Necessary to increase the amount of amino acid for the
else more lowering rigidity of water.

Necessary to note that the receiving results on
the softness as technical so potable water are not so im-
pressive compared to industrial results [1,2], but from
the ecological and spending points of view they seem
acceptable.

Such experimental results prompted us to calcu-
late the heat of combustion (A.H °) and formation (AH°)
of complexes of calcium and magnesium with the men-
tioned above amino acids [Met(amino acid),, formula,
AH®, AH® (KJ-mol'+0.5% correspondingly), number
of valence electrons (N-g)] in accord with the scheme of
thermochemical research (Egs. 2 and 3) suggested in the
previous part. The calculated magnitudes are: for Ca(f-
alanine)y, CsH12N204Ca, -3327.9£16.6, -1383.5+6.9,
32; for Ca(l-asparagine),, CsH14aNsOsCa, -4170.3£20.8,
—1614.0i8.1, 40; for Mg(ﬂ-alanine)z, C6H12N204Mg, -
3327.9£16.6, -1349.6+6.7, 32; for Mg(l-asparagine),,
CsHi4sN4OsMg, -4170.3+20.8, -997.0£5.0, 40.

The received thermochemical data are corre-
sponded to the representation about a high stability of
calcium and magnesium-amino acids formation and
are proved the suggestion on their use as the softness
means for any water.

The technical solution of this question can be
the next: the introduction of the previously synthesized
little peptides [8-10] or the introduction of alanine or as-
paragine into the filters in the time of the water prepara-
tion. In both cases the formed metal-amino acid com-
plexes will remain in the filters or the sorption columns.

CONCLUSION

The received experimental results on the de-
termination of the technical and potable rigidity of
water allow to conclude, that alanine and asparagine
can do a technical and potable water more soft into
1.10-1.22 times.

The increasing of the amount of amino acid must
lead to the more sensitive lowering of the water rigidity.
The chosen amino acids could be introduced into the
sorption-filters for the preparation process of any water.

The calcium and magnesium salts form a sta-
ble complexes with the mentioned amino acids, but ac-
cordingly to thermochemical calculations, /-asparagine
is more active in this process.
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