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OBIIAA XAPAKTEPUCTUKA PABOTDI

Marwucrepckas nuccepranus B oobeme 89 cTpaHuUIl COAEPKUT 8 PUCYHKOB,
11 Tabnui, 5 npunoxxeHuit U 86 HCTOYHUKOB.

KnroueBnie cJIoBa: XUMHNYECKAS TEPMO/IMHAMUKA,
CTATUCTHUYECKAS TEPMOJNHAMUKA, KBAHTOBAA XUMUS, MOJIEJIb
OJIEKTPOCTATUYECKOI'O ITOTEHIIMAJIA, ABTOMATU3ALIA
PACYETHBIX ITPOLIE/IYP.

O0beKT uccieg0BaHusi — ME30MOHHBIE coeuHenus 1,3-nu(mpem-0yTnmn)-5-
UMUHOTETPa30 U 1-meTuii-3-(mpem-0yTii)-5-UMHHOTETPA30IL.

IIpenmer wuccjiegoBaHUs — TEPMOJAMHAMUYECKHE CBOMCTBA JIaHHBIX
BEIECTB.

Hear wu 3amaum  uccaegoBanusi. llenb HacToseM MarucTepCKOu
JUCCEPTAIIIN COCTOMT B TEOPETUYECKOM pacyeTe TEPMOJUHAMHUYECKHX CBOWCTB
1,3-nu(mpem-0yTuin)-5-uMUHOTETpaA30Ia U 1-meTuin-3-(mpem-0yTn)-5-
MMUHOTETPA30JI1a, a TAK)KE B aBTOMATH3allMd HEKOTOPBIX PACUETHBIX IMPOIEIYP C
LEIbI0 UCKIIFOUYEHHUS IPYOBIX OIIMOOK, CONMPSKEHHBIX C YEIIOBEYECKUM (PAKTOPOM.
JI71st noCTHKEHUS TOCTABJICHHOM 11e1M ObUTH PEeIIeHbBI CIASAYIOIINE 3a/1a4u:

— C HCTONB30BAaHMEM METOJIOB CTATUCTUYECKON TEPMOJIMHAMUKHU OBLIU
paccUMTaHbl  CTaHJAPTHBIE  TEpPMOAWHAMHUYECKHe  (QYHKOHH  (DHTPOIHS,
TEIJIOEMKOCTh, TPUBEJICHHAS DPHTAJIBITNS U PUBEICHHAs dHeprus [ nbOca) BelecTs
B COCTOSIHUM HJI€aJIbHOTO Ta3a B TemmeparypHom uHTepBase (0 — 1000) K.

— Ilo mMeTomy M30A€CMHUYECKUX pPEaKIHMid ObUTM PAaCCUUTaHBl CTAHIAPTHBIC
razodaszHble dHTAIBNUU oOpazoBanus 1,3-mau(mpem-0yTii)-5-UMHUHOTETPA30JIa U
1-metun-3-(mpem-0ytun)-5-umuHoTeTpasona npu 7 = 298.15 K.

— bputa pemena 3amaya O TMOHUCKE ONTUMAJIBHOTO IMPU3HAKOBOTO
MIPOCTPAHCTBA M MapaMeTPU3aANKA MOJEIN JJIEKTPOCTATUYECKOTO TOTSHIIHANIA IS
COCIMHEHUNM CTPYKTYpHO CXOXHMX C TeTpa3oiiamu. bbima oOocHoBaHa
1€J1€CO00Pa3HOCTh UCIIOJIb30BAHUS MTOTYYEHHON MOJIENH JUIsl pacueTa CTaHIapTHBIX
SHTANBNUN cybnmumanuu 1,3-au(mpem-0yTui)-5-uMuHoTETpa3ona u 1-metui-3-
(mpem-6yTin)-5-umunorerpasona npu 7 = 298.15 K.

— C uCmonb30BaHUEM BO3MOXKHOCTEW s3bIKa IporpammupoBanusi Python
OBLITM aBTOMATU3WPOBAHBI MPOLIECCH pacyeTa MPUBEICHHBIX MOMEHTOB WHEPIIUH
CUMMETPUYECKUX BOJYKOB B MOJIEKYJIaX OPraHMYECKHX COCIMHEHMI;, pacuera
ra3oasHpIX OHTANBMA OOpa3oBaHHs BEMIECTB 1O METOAY M30- WIH
TOMOJICCMUYECKUX  PEaKlMif, ONTHUMHU3alUd ¥  TapaMeTpu3allid  MOJIEIH
AJIEKTPOCTATUYECKOTO MOTCHITHAIA.

Pe3ynbrarel Hactosmed paboThl MOTYT HAaWTH MPUMEHEHHE MPU PEIICHUU
3a/lady ONTUMU3ANMK Tpou3BoacTBa 1,3-au(mpem-0yTii)-5-umMuHoTeTpazona u 1-
MeTHI-3-(mpem-0yTiin)-5-uMUHOTETpa30Ma;  [UIsl  MOATBEPKIACHHUS  KadecTBa
DKCIIEPUMEHTAILHO  TMOJYYCHHBIX  3HAYCHWH  OJHTAIBNUKA  00pa3oBaHMS
KPUCTAJUIMYECKUX  TPOW3BOJHBIX  TETpa3ojia; JJig TIOWCKAa COCIUHEHUH,
00J1a1ar0IMX NCKOMBIMHU JIETOHAIIMOHHBIMU CBONCTBAMU.



AT'YJIBHAS XAPAKTAPBICTBIKA PABOTbBI

Maricrapckas mpicepranbist ¥ a6’éme 89 crapoHak 3Mmsmruae 8 MarOHKAY,
11 tabuim, 5 nagatkay i 86 KpbeIHiI.
Kimrouaseisa cinoBel: XIMIUHAS TOPMAJIBIHAMIKA, CTATBICTBIYHA A

TOPMAJILIHAMIKA, KBAHTABAS XIMIS, MAJIJTh
DIEKTPACTATBLIUHAT A MATOHIBISITY, AVTAMATBI3AITBIA
PA3JTIIKOBBIX [TPAIID/TVP.

A0’exkT nmaciaeaBaHHs — Me3aléHHBIS 3mywdHHA 1,3-161(mpom-0yThin)-5-
IMiHaTaTpaszod i 1-MeThlI-3-(mpom-0yThLi)-5-IMIHATITPA30.

IMpaamer nacjieaBaHHA — TIPMaAJbIHAMIYHBIS YiacuiBacill JaJ3eHBIX
pa4bIBay.

MbTa | 3amaubl gaciaenBaHHs. MbdTa gan3eHa MaricTdpckasi JbICepTariblil
CKJIaJaciiia ¥y TIApITHIYHBIM pa3iiKy TIpMaJblHAMIUHBIX yiaciiBacusy 1,3-
neI(mpam-0yThLT)-5-IMIHATITpA30ITY [ 1-meTbL-3-(mpom-0yThin )-5-
IMIHAaTATpa30JTy, a Takcama ¥y ayTaMaThI3allbll HEKATOPBIX PA3NIIKOBBIX MPaIpIyp 3
M3Tail BBIKIIOUAHHS TPYOBIX MaMbUIAK, 3BS3aHBIX 3 YajaBeubiM (akTtapam. Jlis
JacATHEHHsI MacTayIeHal MIThI ObLII BRIpAIIAHBIS HACTYITHBIS 331aYbl:

— 3 BBIKApPBICTAaHHEM MeETaJay CTaTBHICTBIYHAW TIpMaIbIHAMIKI OBLTH
pasiiyaHbl CTAHIAPTHIA TIPMaIbIHAMIYHBIS (YHKIBI (SHTparis, nermmaémicTacis,
NPBIBEI3CHAS SHTAIBIIIS | IpBIBe3eHast 3Hepris ['10ca) pausiBay y ctaHe igdanpHara
razy ¥ tammeparypasiM inTapBaie (0 — 1000) K.

— 3 BBIKapbICTAHHEM METAJy I3aJPCMIYHBIX PIAKUbIA ObUIl pa3iiuaHbl
cTaHAapTHBIA  TazadasHbis  SHTambnil  yrBapauusa  1,3-awi(mpom-0yThin)-5-
imiHaTaTpazony I 1-meTbut-3-(mpom-0yThun)-5-iminaraTpasony npsl 7 = 298.15 K.

— bbuta BeIpamiana 3agayda a0 nouyKy anThiMaJlbHall MPBIKMETHAN MTPaCcCTOPBI
| mapaMmeTphi3aipli MaadNl  3JEKTpacTaThlyHAra MATIHIBILLY Ui 3IYISHHSY
CTPYKTypHa MaJoOHBIX Ja TiTpa3onay. beima aOrpyHTaBaHa M3Ta3rogHacilb
BBIKAPBICTAHHS aTpbIMaHal MamdJl JUid  pasiaiky CTaHIAPTHBIX DHTAJbIIN
cyonimanell 1,3-ne1(mpom-0yTeun)-5-imiHataTpasony | 1-metbui-3-(mpom-0yThiin)-
5-iminataTpasony npel 7= 298.15 K.

— 3 BbIKapbICTAHHEM MardbIMaciily MOBBI priarpamaBanHs Python oObuii
ayTamaTtbI3aBaHbl IPALICHI PA3JIIKy MPBIBEA3CHBIX MOMAHTAY IHAPIIBI CIMETPBIYHBIX
TYpKOY y MaJleKyJiax apraHigyHbIX 3JIyYdHHSY; pasiiky razadasHbIX SHTAIbIII
yTBapaHHS pIYbIBay Ia MeTaa3e i3a- a00 roOMadCMIYHBIX PIaKIIbIN; MTHIMI3AIb |
napameTpbI3alibli MajdJl AIEKTPACTAThIYHATa TATIHIIBISITY.

Berniki gam3eHait paboTel MOTYIb 3HAMCII MPBIMSHEHHE IMPbI BBIPAIIIHHI
3ajad anteiMizanell BeITBOpuacti 1,3-ap1(mpom-0yTeun)-5-iminataTpasony 1 1-
MeTbLI-3-(mpam-0yThL)-5-iMiHaTITpa30Iy; TUTS narBepDKaHHS ~ sKacii
IKCIIEPHIMEHTAIbHA aTPHIMAHBIX 3HAUIHHSY SHTAJBIINA YTBAPIHHS KPBIIITATITHBIX
BBITBOPHBIX TATPA30Jy; JUIsl TMOMIYKY 3JIyYdHHSY, SIKISI Marolb HaTpIOHbI
JPTaHAIBIAHbIA YaciiBactil.



GENERAL CHARACTERISTIC OF WORK

Master’s thesis consists of 89 pages and contains 8 figures, 11 tables,
5 appendices and 86 sources.

Key words: CHEMICAL THERMODYNAMICS, STATISTICAL
THERMODYNAMICS, n QUANTUM  CHEMISTRY, ELECTROSTATIC
POTENTIAL MODEL, CALCULATION PROCEDURES AUTOMATIZATION.

Object of the study — mesoionic compounds 1,3-di-tert-butyltetrazolium-5-
aminide and 1-methyl-3-tert-butyltetrazolium-5-aminide.

Subject of the study -thermodynamic properties of the mentioned
compounds.

Purpose and objectives of study. The purpose of the relevant study is to
calculate theoretically thermodynamic properties of the 1,3-di-tert-butyltetrazolium-
5-aminide and 1-methyl-3-tert-butyltetrazolium-5-aminide, and to introduce
automation of some calculation procedures in order to exclude gross errors
associated with the human factor. To achieve this goal, the following tasks were
solved:

— The standard thermodynamical properties (entropy, heat capacity, reduced
enthalpy and reduced Gibbs energy) of the substances in the ideal gas state were
calculated using the statistical thermodynamics in the temperature range of (0 —
1000) K.

— The standard heats of formation of the 1,3-di-tert-butyltetrazolium-5-
aminide and 1-methyl-3-tert-butyltetrazolium-5-aminide in the gaseous state at
T =298.15 K were calculated in the framework of the isodesmic reactions approach.

— Optimal feature space search and parametrization of the electrostatic
potential model were done for the dataset of the substances structurally similar with
tetrazoles. The expediency of using the obtained model for calculating the standard
enthalpies of sublimation of 1,3-di-tert-butyltetrazolium-5-aminide and 1-methyl-3-
tert-butyltetrazolium-5-aminide at T = 298.15 K was justified.

— The Python language was used to automatize some calculation procedures,
such as calculation of the reduced inertia moments of the symmetrical tops in organic
molecules; calculation of the gas phase heats of formation of the substances in the
framework of the isodesmic or isogyric reactions approach; optimization and
parametrization of the electrostatic potential model.

The results obtained in this work can be

The results of this work can find application in solving problems of optimizing
the production of 1,3-di-tert-butyltetrazolium-5-aminide and 1-methyl-3-tert-
butyltetrazolium-5-aminide; in confirming the quality of the experimentally
obtained values of the enthalpies of formation of crystalline tetrazole derivatives; in
screening procedures for compounds with the desired detonation properties.



