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Unwyb| hGnwulwpuwjhu 6 wn

1 (DMGH),(Biylg)(1)(1,)o5:2H,0 1.62
2 (DMGH::-DMG:--DMGH),(Bi,l,,)(1,) 1.82
3 (BetH:--BetH);(Bl,l10)(15)1 5(15)o.5(12) 15 1.33
4 (B-AlaH)(Bil)(1,)o< 1.75
5 (L-ArgH,),(Bilg),(l5)s5.4H,0 1.53
6 (L-HisH,),(Bi,l,;).5H,0 1.79
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##1, (BetH)(PbBr;).H,O-h Junnigwodpp: wm.hu. P2,/c, Z=4, 2 =1
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##2, (BetH:--BetH)(SnBr()-h Junnigwopn:
nwpwowlut unwdp P2,/n, Z=2, 2'=0.5
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#86, (L-OrnH-H-1-OrnH), <(I5); 5.2H,O-h Junnigwdpp:
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##3, (L-OrnH,)(I)(I)(I,)-h jupnigwoépp: n.hu. Pl, Z=2, 7" =2

I1A-12A-13A; 11A-12A [2.8180(9) A] , 12A-13A [3.0651(8) A
14A---I5A-16A; 14A.---15A Al, I5A-16A [2.7578(9) A]
11B-12B-13B; 11B-12B [2. 1, 12B-13B [2.9092(8) A]
14B---15B-16B; 14B---15B A], 15B-16B [2.7657(9) A]
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##5, 2Gly.(1,)-h Yunnigduwdpp, muwp. unwdp P1, Z=4, Z'=2
11-12 (2.626(3) A , 11---12 (2.798(3) A; 13-14 (2.685(3) A , 13---14 (2.739(3) A
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##6, (DMGH),(BiCl,).H,O-h Yunnigqudpp: w.Ju. P2,/c, Z=4, Z'=1
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##7, (B-AlaH--- B-AlaH)(BiBr,)-h Junnigywdpp: w.ju. P2,/n, Z=4, Z'=1
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(L-OrnH,),(Bil)(Cl).H,O (L-LysH,),(Bil)(I).H,O: Ujdd utq hmennykg
unnwbw] bwb hwdwtdwt wn L-hhunhnhth hwdwnp, ##8,
(L-HisH,),(Bil)(I).4H,0:

Bil, i I muhnutbtpp qunnuynid Eu dwutwljh nhpptpnud, hulj L-hhuwnhnhth
Jwwnhnup b oph UnjEynijutpp gqunugnid Gb punhwunip nhppntd:
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Amino acids capable to form singly and doubly charged cations

L-ornithine, L-Lysine, L-histidine, L-arginine
e.g. L-argininium(+) and L-argininium(2+)
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Various types of salts of amino acids with the same amino acid since
XIX century

AFX-, 2ATY 2, AZ(X7),, A2
(A*---A)X-, (A*--A), Y2, AH(A*-A)YZ,
(At AN, X, (At AY)Y?2-

(AZ*--- AT [(X(D)(X(2)]

(L-LysH,---L-LysH)(CI),(CIO,), (L-LysH,---L-LysH)(CI),(NO,)
(the group of Prof. Rajaram, 2001)

Later, we obtained new such salts of L-Lys

as well as for L-Orn, L-His and L-Arg

M. Fleck, A.M. Petrosyan, Salts of amino acids: crystallization, structure and
properties. Springer, Dordrecht, 2014.



Utiqg unin dhep wnwowguy, wpnnp
httwpwynp £ umwbim)] wntip, npnbp
Juupnibujtiht mwpptip wihtnpEniLbtp

A.M. Petrosyan, G. Giester, G.S. Tonoyan, V.V. Ghazaryan, M. Fleck,

A new class of amino acids salts. Abstracts of 39 German Polish
Conference on Crystal Growth, March 17-21, 2019, Poznan, Poland, p.
57. (oral)



* A.M. Petrosyan, V.V. Ghazaryan, G.S. Tonoyan, E.M. Aghajanova, G.
Giester, M. Fleck, Salts containing different amino acids and iodide
anion as regulators of thyroxine synthesis. Armenian Patent # 656Y
(2020). Official Bulletin of RA Intellectual Property Agency #01/1, p.6
(08.01.2020).

* (L-ArgH),(GlyH---Gly)(1);.H,0, (L-ArgH),(s-AlaH--- 5 -Ala)(l),



* A.M. Petrosyan, G. Giester, G.S. Tonoyan, V.V. Ghazaryan, M. Fleck, Salts
containing different amino acids: Three types salts of L-arginine containing
glycine, dimethylglycine or S-alanine. J. Mol. Struct. 1228 (2021), 129717.

* G.S. Tonoyan, G. Giester, A.M. Petrosyan, Salts containing different amino
acids: Salts with g-alaninium L-proline dimeric cation. J. Mol. Struct. 1252
(2022) 132171.

* A.M. Petrosyan, G. Giester, G.S. Tonoyan, Salts containing different amino
acids. Four types of salts with the hexafluorosilicate anion. Struct. Chem.
34(2) (2023) 491-504.

* A.M. Petrosyan, G. Giester, G.S. Tonoyan, Salts containing different amino
acids: four types of salts with the sulfate anion. Struct. Chem. 34(6) (2023)
2185-2200.

« G.S. Tonoyan, G. Giester, A.M. Petrosyan, New class of salts containing
different amino acids - an overview. J. Phys.: Conf. Ser. 2924 (2024)
012007.
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« Gayane S. Tonoyan, Gerald Giester, Aram M. Petrosyan, Salts
containing different amino acids: L-argininium (+) sarcosine
halogenides. Struct. Chem. 35 (3), 943-952 (2024).

« Gayane Tonoyan, Marek Szafranski, Gerald Giester, Aram Petrosyan,
A method of obtaining the dimethylglycinium sarcosine perchlorate
crystal with a dimeric cation of the type [(A(1) *---A(2)] containing
different amino acids and a crystal with pyroelectric properties
obtained by this method. Armenian Patent #936 Y (2025). Official
bulletin of Intellectual Property Office #01/2, page 7.



* G.S. Tonoyan, G. Giester, M. Szafranski, A.M. Petrosyan, Salts of
amino acids with polar symmetry exhibiting a dimeric cation of the
[A(1)*---A(2)] type. New type of polymorphism. J. Cryst. Growth 626
(2024) 127472.



Molecular structures of (SarH---DMG)(CIO,) (Pc space group) and
(DMGH---Sar)(ClO,) (Pna2, space group). New type of polymorphism.

H11;'H|2A

02A

04
03

(SarH-DMG)CIO, (DMGH:+$ar)CI0,

21



« We called this type polymorphism as hydrogen position dependent
polymorphism, (HPD-polymorphism).



* |t was interesting to know, is it possible to obtain halogenobismuthate
salts containing different amino acids.
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Molecular structure of (L-ArgH.)(SarH)(BI,14).2H,0 (1)
space group P2,2,2,, Z=4,7'=1

02B




Hydrogen bonds formed by carboxyl groups in (1)

O1lA-H1A..OW1 O1B-H1B...0W1
O1A-H1A (0.94(3) A) O1B-H1B (0.91(4) A)
H1A...OW1 (1.84(3) A) HIBI1...0W1 (1.81(4) A)
O1A...OW1 (2.760(12) A) O1B...0W1 (2.680(13) A)

Z O1AH1AOW1 (166(10)°) Z O1AH1AOWI1 (159(11)°)
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Energy (eV)

Calculated band structure plot of the (L-ArgH,)(SarH)(Bi,ly).2H,0O crystal. The E; is
referred to as the valence band maximum. Total and partial density of states for N,

Bi and | atoms in the (L-ArgH,)(SarH)(Bi,l4).2H,0O crystal.
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Diffuse reflectance spectra and Tauc plot for indirect transition of (l).
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Molecular structure of (L-ArgH.)(SarH)(BiBrg).H,O (II)
space group P2, Z=2, Z'=1

Br3

? Br4

Bi1
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Hydrogen bonds formed by carboxyl groups in (11)

O1lA-H1A...OW O1B-H1B...02A
O1A-H1A (0.88(8) A) O1B-H1B (0.903(14) A)
H1A...OW (1.70(8) A) H1B...02A (1.84(5) A)
O1A...OW (2.566(7) A) O1B...02A (2.628(6) A)

Z O1AH1AOWI1 (165(9)°) 2/ O1BH1BO2A (145(7)°)
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Calculated band structure plot of the (L-ArgH,)(SarH)(BiBrg).H,O crystal.
Total and partial density of states for N, Bi and Br atoms in the (L-ArgH,)(SarH)(BiBrg).H,O crystal
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Diffuse reflectance spectra and Tauc plot for indirect transition of ().

100

80

60

DR %

40

20

0

200

— ]

N~

400

600 800 1000

Wavelength, nm

(F(R)hv)"

1 Eg=2383eV

- |

3.0

Energy, eV



(L-ArgH,)(SarH)(Bil).H,O-p (111) tinytwljunnigguodp L, (L-
ArgH,)(SarH)(BiBr;).H,O-hlx

13




Energy (eV)

Calculated band structure plot of the (L-ArgH,)(SarH)(BiBrg).H,O crystal.
Total and partial density of states for N, Bi and Br atoms in the (L-ArgH,)(SarH)(Bil;).H,O crystal
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