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MeTtonom audepeHuiiiHO-TEPMIYHOT0 TA TEPMOTPABIMETPUYHOI0 aHAII3Y 3a A0MOMOI0I0
aepuBatorpada “Derivatograph — 1500D” cucremun Paulik- Paulik-Erday mocaimkeno
TepMoJii3 onuHaausaTu KapOon-, Cuuiniii- tTa HirporeHBMicHUX OpraHiyHMX NepOKCHIIB.
Busznaueni TeMnepaTypu mo4yaTrky po3KJIaJaHHA NMEPOKCUIIB. BcTaHoBJIeHO i MaTeMaTH4YHO
OMMCAHO 3AJEKHICTL TeMIEepaTypu MOYATKY PO3KJIAJaHHA Bil BiIHOCHOro BMicTy
nepoxkcuHoro kucHio B Kapoon-, Cuiiniii- ta HirporeHBMicHUX opraniyHux nepoxkcujax.

Kuarouosi caoBa: Cuiiniii- ta HiTporenBMicHi mepoxkcuam, eHeprisi mepoKCHIHOIO
3B’ SI3KY, TEMIIEPATYPH PO3KJIATAHHS.

V.M. Dibrivnyi, G.V. Menyk, V.V. Kochubei, D.S. Shevchenko

THE THERMAL ANALYSISOF CARBON, SILICON
AND NITROGEN ORGANIC PEROXIDES

© Dibrivnyi V.M., Melnyk G.V., Kochubei V.V., Shevchenko D.S, 2018

The thermolysis of 11Carbon-, Silicon- and Nitrogen-containing peroxides was
investigated by the method of differential thermal and thermogravimetric analysis with
Derivatograph-1500D of the Paulik-Paulik-Erday system. The decomposition beginning
temperatures of peroxides were determined. The dependencies of decomposition beginning
temperature from the relative content of peroxide oxygen in Carbon, Silicon and Nitrogen
containing peroxides wer e defined and mathematically described.

Key words: Silicon and Nitrogencontaining peroxides, peroxide bond energy,
decompaosition themper ature.

IMocTtanoBka mpodiemMu Ta aHadi3 AocaikeHb i myOuikaniid. BukopucranHs mnomiMepHHX
MaTepiaiB moTpedye MOCTIHHOTO PO3MIMPEHHS! ACOPTUMEHTY TIEPOKCHIHHX IHIIIaTOpiB. 3HAYHUHN iHTEpec
TYT TPEACTABIAIOTH eIEMEHTOPTaHIuHI MepOKCUIN. BBeIeHHS 10 MOJIEKYIH MEPOKCHIIB TAKKX €JIEMEHTIB,
sk Si ta N, mae 3Mory B HMIMPOKMX MEXKax 3MIHIOBATH Jiala30H X MPAaKTUYHOTO 3aCTOCYBaHHs. Tak,
CHIIIINBMICHI TIEPOKCUIM BOJIOAIIOTH IMIABHINEHOK TEPMIYHOK CTIHKICTIO 1 3aCTOCOBYIOTHCS SIK
BHCOKOTEMIIEpaTypHi iHiliaTopu moiiMepu3aiiii. HitporenBmicHi epokcuu (aMiHOMEPOKCHIN), HABIAKH,
BHUKOPHUCTOBYIOThCS SIK HU3bKOTEMIIEPATYpHI 1HILlIaTOpH MOJTiMepH3allii.

Sxmo mpoanHamnmizyBaTH JTepaTypHi JaHi, TO ICHYE YHMajio poOiT, MPUCBSIYEHHUX TOCITIHKEHHIO
KiHETHKH TEPMOITi3y IEPOKCU/IIB Y po3unHax. BojHoYac KIHETHYHI XapaKTEpPUCTUKU TEPMIYHOTO PO3KIATY
IHIMBIAYaILHUX CIIONYK MPAaKTUYHO BiJICYTHI.

Kinernyni XxapakTEepUCTHKH TEPMOJi3y MEPOKCUIIB MAlOTh MPAKTUYHE 3HAYCHHS JJISl OLIHIOBAHHS
BTpPAaTH aKTUBHOTO KHCHIO MiJ 4ac iXx 30epiranHs. Jlo Toro x TepMmiuHa CTIMKICTh OpraHIYHUX Ta
ENIEMEHTOPTaHIYHUX TMEPOKCUIIB YacTO Ma€ BH3HAYallbHE 3HAYCHHS JUIS Tally3i iX MPakTHYHOTO 3acTo-
CyBaHHS.

Mera poGoru: TepMmiuHME aHamiz TepMonizy Cumimii- Ta HITporeHBMICHHX OpraHidYHHX
MEPOKCHUIIB, a TAKOXK JEKUIBKOX TX HEeJIEMEHTBMICHUX aHAJIOTIB.
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OcHoBHHI MaTepiaa J0CTiTKeHb
Y poboTi JocimKeHOo:

CuniyitiemicHi opeaniuni nepoxcuou

1 3-merun-3-mpem-0ytunmnepokcu- 1-rpumeruincuiin-1-oytus (p)
(CH3)3sCOOC(CH3),C° CS(CHs)s
2 3-metun-3- mpem-aminmnepokcu-1-rpumernicuiin-1-6ytus (p)

CH3(CH,)2(CH3),COOC(CH3),C° CS(CHa)3
3 3-merun-3-[2-muKIoreKCHITTPOIUIepOKCH ] - 1-TpuMeruncuiin-1-6yrus (p)
MMKJZO—CGH11(CH3)2COOC(CH3)2C °Cg (CH3)3

4 3-merun-3- mpem-aminnepokcu-1-rpudenincunin-1-6ytun (p)
CH3CH,(CH3),COOC(CH3),C° CS(CgHs)3
5 4-metnin-4- mpem-0yTHITepOKCH-1-Tpr ) eHIICHIIOKCH-2-TICHTHH

(CH3)3COOC(CH3),C° CCH,0S (CsHs)s3
6 2,5-numernn-2- mpem-0yTUIICPOKCH-D-TPUMETUICHIILIIEPOKCUTEKCUH-3
(CH3)3COOC(CH3),C° CC(CH3), 009 (CHg)s
7 2,5-MMeTHII-2reKcaMeTHII AN CHITUTITEPOKCUTeKCHH-3 (p)
(CH3)3SO0OC(CH3),C° CC(CH3),00S(CHj3)s
Himpoeenemicni opeaniuni nepoxcuou

8 mpem-0yTHIIIepOKCHANETHIIaMIHOMeTaH (p)
(C2Hs)2N-CH,-OOC(CHg3)3
9 mpem-0yTHIITIEP OKCUITIIEPU MM CTaH

N-CH,—OOC(CHa)s

Opeaniuni nepokcuou, ananoeu CUmYiueMicCHUX

10 2,5-nu-mpem-6yTunnepokcu-2,5- mumerunrekcun-3 (p)
(CH3)3COO(CH3),CC"Y CC(CH3),0O0C(CHz);
11 3-merunOyTuH-1-nepokcudenszoar  (p)

HC® C(CH3),COO(CO)-CeHs

JocmipkeHi MepoKCcuIn € HeJeTKUMH 0e30apBHUMH PiIMHAMH.

3pask CIoMyK CHHTE3YBaIN 3a METOANKOIO [1], ounianu GppakIiifHOO MeperoHKoro il BaKyyMOM.
s mepBHHHOI imeHTU(IKALT 00’ €KTIB JOCTIKEHHS BU3HAYAIU MOJICKYJSIDHY Macy 3a JOMOMOIOIO
KPIOCKOITii Ta MPOBOJMIIN €IEMEHTHHI aHami3. 3ayBakeHO 3aBHUIIICHI PE3YJIbTATH 38 aKTUBHUM KHUCHEM Y
JSSIKUX CITONIYK, [0 MICTHJIM TIOJBIMHI Ta MOTPIiiHI 3B’ sI3KH, 10 OYJI0 IIJIKOM MPOrHo30BaHo. [y croiyk
MPOBOIIIIH CHieKTpocKomivaui anani3 (IY-criexrp 3uiManu Ha criekrpodoromerpi UR-20, Y d-criektp Ha —
Specord UV-Vis, SIMP*H-criextp — Ha Tesla BS567 A).

OCKUIBbKH 3rajiaHi MePOKCUIN € TEPMIYHO HECTIHKMMH PEUOBHHAMH, TO JJIsl BU3HAYCHHS X YUCTOTH
BIABAIIUCS JI0 PIMUHHOI Xpomartorpadii BUCOKOro THCKy. s Beix TOCTIHKEHUX CIIOTYK BMiCT OCHOBHOT'O
KOMIIOHEHTa CTaHOBUB He MeHie 3a 99,2 % mac. Y OUIBIIOCTI MEPOKCHIIB MPUPOAY JOMIIIOK HE BAAIOCS
BCTaHOBUTH.

Tepmorti3 IepoKCHIIB JA0CTIpKYBain Ha aepuBarorpadi “ Derivatograph — 1500D” cuctemu Paulik-
Paulik-Erday [2] y aumHamidHOMY peXHMi 3a OJIHAKOBUX JUIS BCIX CIONYK YMOB (IJIsi KOPEKTHOTO
3icTaBieHHs pe3ynbTati). LIBuakicTh mimiiomy Temmeparypu Oyina MiHIManbHOK (U HAWTOYHIIIOrO
BHU3HAYEHHS TeMIlepaTyp modatky t,, i KiHms t,, cramii poskimamanus) i cramoBuiaa 0,6 rpam/xs, Maca
HaBaXku — 200 Mr, €TaOHOM CITYT'YBaB MPOXKapEHHUH OKCHJI AJTIOMIHIIO, YyTJIMBICTh 3a IKanow 77 csarana
no 200 wmr, 3pasku HarpiBanu g0 250 °C, uyTnuBicts 3a mkanow /74 — 100 mxB.

o6 BCcTaHOBUTH BIUIMB TMPHPOAM CEPEIOBUINA HA XapaKTep PO3KIaay i BHUIJS KpuBoi 17,
KIHETUKY TepMoli3y nepokcuiB (2,7-10) mociimkyBanu B aTMocdepi sK MOBITPs, TaK i iHEPTHOTO rasy
HITPOTCHY.
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Opnep:xani pesyabTaTn Ta iX aHamis. Ananiz kpuBux TI' 1 ITA BHUSBUB CKIAIHHN XapakTep
peakiiil iHJIyKOBaHOI'O BHYTPIIIHEOMOIIEKYIISIPHOTO TIeperpynyBaHHs TIEPOKCHIIB y MPOIIECi TEPMOITI3y 3
HasIBHICTIO BiJl O/IHI€T 10 TPHOX CTaJliii BTPATH MacCH.

Bigomum € mudepenuiianii [3] matemartnunumii mMerox o0poOku kpuBux TIN i ITA, ne
BHUKOPUCTOBYEThCS IBUJKICTh BTPATH Macd PEUOBHMHH. MeEToja Ja€ 3MOr'y BH3HAYaTH OJHOYACHO TPH
(opManbHi KiHETHYHI XapakTepucTHku (MOPSIOK Peakilii, eHeprifo aKkTHBAIll Ta MepeaeKCIIOHEHIiTHIIA
MHO)KHHK) 1 IEpeBIPUTH 1X aJJeKBATHICTh OOYI0BOIO TeOpeTn4HOi KpuBoi TT'.

[Ipore s CKIaIHUX MPOIECIB TEPMOMI3Yy MOCTIHHICTP MUTTEBOI IIBUIKOCTI 3MIHU TEMIIEpATypH
[3], mpmitHaTa B 3ragaHoMy METOi, HE BIAMOBIZa€ peaapbHOMY XapakTepy MPOTIKaHHS TIPOIECy, a
KIHETHUYHI XapaKTePUCTUKHU BTPAYAIOTh (i3uuHMi 3MicT [4].

ToMy MU 30cepequiii yBary Ha €KCIEpHUMCEHTAILHUX BEUYMHAX, OTPUMaHHX Oe3MocepesHbo 3a
kpuBumu TI' i JITA, 31e0inbiioro Ha Temmepatypi modatky poskinamy (t,) IOCHiIKEHHX MEepOKCHIIB
(tabm. 1).

Tabnuys 1
XapakTepuCcTHKH PO3KJaAy MepoKCcHIiB B OBITPi Ta B HiTpOreni
Cronysa M(0-O) B noBiTpsiHOMY cepemoBHII B cepenoBui HiTpOl"eH]}; s
% t,, °C t., °C Brpara macu, % t,, °C t., °C o
macu, %
1 14,01 85 200 19,1 - - -
2 13,20 80 121 12,7 82 131 16,1
3 10,79 % 122 8,0 - - -
4 7,47 143 172 14,3 - - -
5 7,20 138 182 13,9 - - -
6 10,58 103 124 41,7 - - -
7 10,05 95 120 20,1 124 161 38,7
8 18,25 56 95 14,5 58 95 18,7
9 17,09 50 104 13,5 52 111 28,1
10 11,17 107 143 16,7 127 170 15,3
11 15,69 74 99 15,2

Wnerbcss mpo TemmepaTypy, 3a SIKOK IIBHAKICTh PO3KIALY MEPOKCHJIB CTA€ JOCTATHBOKO I
peecTparii JIaTYNKOM TEPMOAHATITUYHOrO Mpuiaxy. BoHa, Ha Hamry JyMKy, XapaKTEepU3ye CEpeiHIo
CHEPrir0 MOJIEKYJ Yy MEPOKCHIl, HEOOXIAHY AJIA TOro, 1100 po3kian nepokcuay 3a O-O 3B's3kOM IMouYaB
BIIOBJIFOBATHUCS JiepuBaTOrpadom.

I[MopiBHIOIOUM OTprMaHi naHi (Tadi.1), MOXKHA 3pOOUTH BUCHOBOK: B aTMoc(epi HITpOreHy po3Kia
MEPOKCUY MOYMHAETHCS 32 BUIIMX TEMIIEPATyp, HiX Yy MOBITPi, 1 MpoTikae nmoBuibHIiNIEe. O4EeBUIHO, 1110
KHCEHb TIOBITPS MPHUIMA€E y4acTh B MPOLECI TEPMOACCTPYKIII, 1[0 MPU3BOANUTH 10 30UIBIICHHS MIBUIKOCTI
MPOIIeCy Ta 3HWKEHHSI TeMIIepaTypy TOYaTKy po3kiamy. JlecTpyKiis mepokcuiiB B aTMocdepi HITPOreHy
CYNPOBODKYEThCSI MEHIIUMH ek30(eHmo)edektaMu, HiXK y MOBITpi, MO CBIAYHTH MPO BIUIUB PHPOAN
cepenoBHIa. Y TaKOMy BHITaJKy TeMIlepaTypa MOuYaTKy po3KiIajy MOBHHHA 3ayiexaTtH Bix eHeprii O-O
3B's3ky. Il XxapakTepucTHKa po3paxoBaHa B mpaigx [5,6] i craHoButh: 15446k Dk/Monb s
Hitporensmicuux, 166 + 5 x/Ix/Monp — mis CHITIIIHBMICHIX TIEPOKCHIIB Ta € HEPO3PISHUMOIO B MEXax
TOYHOCT1 BH3HA4YeHHS. TOMYy MU PO3IIISTHYJIH 3aJIeXHOCTI TEMITepaTyp MoYaTKy po3KIaJaHHs NepOKCHIIB
BiJI BIZIHOCHOTO BMicTy niepokcuaHoro kucuo M(O-0), % y noBitpsHiit atmocdepi (puc. 1).

Sx BugHo 3 puc.l, icHye oOepHEHO MpOMOPIHHA 3aleKHICTh MK TEMIIEPATypOl IOYATKY
TEPMOJTI3y Ta BITHOCHUM BMICTOM MEPOKCUIHOIO KUCHIO JUIS TEPOKCHIIB 3 OAHIEI0 MEPOKCUIHOIO TPYIIO0
B MOJIEKYJITi. PIBHSIHHS 11i€ 3aI€KHOCTI, po3paxoBaHe 3a TaHUMU Ta0i. 1, HaOyBao BUTIISIIY:

Y=-7,092*X+193,6 1)

3 koedirienToMm kopersnii R = 0,9403.
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Puc. 1. 3anescnicmos memnepamypu novamxy mepmonizy — Puc. 2. 3anesicnicms memnepamypu no4amxy mepmoizy

8I0 BIOHOCHO20 6MiCHY ayemuIeHO8UX KPEMHIUGMICHUX NePOKCUOIE
NEePOKCUOHO20 KUCHIO 8 amMOocepi nosimpsi 810 BIOHOCHO20 6MICTIY NEPOKCUOHO20 KUCHIO (3a OaHuMuU
00CTIONHCEHUX NEPOKCUBMICHUX CHOJIYK pobomu [9])

Tpu cnonyku (6,7,10), 1m0 MicTATh MO JBi MEPOKCHAHI TPYNH, ACHIO HOTIPIIYIOTH OTPUMaHY
3aJIeKHICT, TOMY HE YBIHNDIM A0 3rajiaHoro piBHAHHA. [[ikaBo pO3TJSIHYTH BiMIHHOCTI B Oyn0Bi
srajanux mepokcumaiB. Y cmomyii (10) 6ins 060X map MEpOKCHIHHX aTOMIB KHCHIO 3HAXOMATHCS JIHIIIE
atromu KapOony, B crionyiii (6) 6inst omHoro 3 O-O dparmenTiB 3’ sBisietbest atoM CHITIIO, @ B CHOMYIT
(7) mo ogromy aTomy CuuliLifo 3 SIBISIOTHCS Bxke O 000X ¢parmentis O-O. IIpu 1[bOMY 3MEHIITYETHCS
TepMivHa CTIfKICTh, TOOTO, 3HIKYETRCS TeMIlepaTypa modatky poskiaamy: 107 °C mas cromyku (10), 103
°C mnst crionyku (6) i 95 °C st conyku (6). ABTopm mparti [ 7] crioctepirany aHaaoTidHy 3aKOHOMIPHICTh
MIPH TOPIBHSUTBHOMY aHaili3i CHITIIMBMICHHUX MEPOKCUIIIB Ta iX OPraHIYHUX aHAJOTiB. SHIDKEHHS TepMid-
HOI CTaOUIBHOCTI IIEPOKCHIIB MU 3aMiHi atoMa KapOony Ha arom Cuiiliio, Ha Hallly TyMKY, ITOB’ sI3aHe 3
napaseIbHUM MPOTIKAaHHSAM BHYTPIIIHLOMOJICKYJISIPHOTO TIeperpynyBaHHsl, 3rajiaHoro B mpaiti [8].

Tabnuys 2
TemnepaTypu no4aTky TepMoily aneTujeHoBux CuiiniiiBMicHuX mepokcuais i3 nmpaui [9]
s /QH IMepoxcun M(O-0), % t,, °C
1 CH3(CH2)4(CH3),COOC(CH3),C° CI(CHz)3 11,26 130
2 CsH11(CH3),COOC(CH3),C° CS(CHa)s 10,81 125
3 CH3(CH3)4(CH3),COOC(CH3),C° CS(CeHs)3 6,81 155
4 LﬂlKJlO—CGH11(CH3)2COOC(CH3)2C °Cs (C6H5) 9,75 140
5 (CeHs)(CH3),COOC(CH3),C ° CS(CeHs)3 6,72 150
6 (CeHs) CH3(CH2)4(CH3),COOC(CH3),C° CS(CeHs)3 5,84 160
7 (CH3)sCOOC(CH3),C° C(CHj3),COOC(CH3),C° CS(CgHs)s 12,17 118
8 [ (CH3)3COOC(CH3),C° C].S(CHz). 17,38 135
9 [ CH3(CH,)2(CH3),COOC(CH3),C° C].S(CHz). 15,08 130
10 [ CH3(CH,)4(CH3),COOC(CH3),C° C],S(CHs), 13,34 128
11 [ LluKJlO—CGH11(CH3)2COOC(CH3)2C o C] gg (CH3)2 12,70 126
12 [ (CsHs)(CH3),COOC(CH3),C° C],S(CHs), 14,00 125
13 (CH3)3COOC(CH3),C° C(CH3),COOC(CH3),C° CI(CHs); 17,39 120
14 HC® C(CH3),;COOC(CH3),C° C(CH3),COOC(CH3),C° CS(CHa)3 16,92 125
15 [(CH3);COOC(CH3),C° C]39CH=CH, 18,45 130
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OxpiM BIacHUX pe3yibTaTIB JepuBarorpadiyHOro aHajgizy MU BHUKOPHUCTOBYBQJIM BEITHYHHH
TeMIepaTyp IMo4yaTtKky po3Kiany psay aierwieHoBux CuumimiBmicHuUX mepokcuaiB 3 mpari [9]. Tewm-
nepaTypy MoYaTKy pO3KJIAJy CIIONYK HaBeJEHO B TaON. 2. 3aJIeKHICTh TEMITEPaTypH MOYATKYy TEPMOII3Y
BiJl BMICTY IIEpOKCHIHOTO KUCHIO HaBEICHO Ha PUC.2, a PIBHAHHS 11 Ma€ BUTJIS:

Y=-6,115* X+195,1 2
3 koedimienToM kopersnii R = 0,9501.

Sk BUIIHO 3 pHC. 2, 3aJICKHICTD JJIs CIIOAYK 3 OAHUM IEPOKCHIHUM 3B’ I3KOM € JiiHiiiHOW. Conyku
3 JIBOMa TMEPOKCHIHUMH 3B’ sI3KaMH € BUiisTkoM. Crionyka i3 TppoMa MEpOKCHIHUMH 3B’ I3KAMU TEXK HE
MIiATOPSIKOBYEThCA 1ili 3aKOHOMIPHOCTI.

IcnyBaHHs HeBenuKoOi po30iKHOCTI B piBHAHHAX (1) 1 (2) MOXXKHA MOSCHUTH PI3HUMH CIIOCOOAMHU
BHU3HAYEHHS TEMIIEPaTypH MOYATKy TEPMOJi3y B poboTax. ToMy MpOIMOHYEMO KOPUCTYBATHCh PiBHSIHHIM
(1), oneprxaHUM JUTS 4y TIMBIIIOrO TEPMOAHAI3aTOPA.

BucnoBku. BcranoBieHuil (akT BIUIMBY CepeloOBHINA Ha TEMIIEpATypd IOYATKY TEPMOINI3Y i
TEIJIOB1 e(eKTH, 10 CYNPOBOKYIOTH TEPMOJECTPYKIit0 TepokcuaiB. OnmepkaHo piBHSAHHSA OOCpPHEHO
MPOTOPIIITHOT 3aJISKHOCTI TEMIIEpaTypH TIOYATKy TEPMOi3y BiJl BITHOCHOT'O BMICTY MEPOKCHHOTO KHCHIO
st pinkux Kap6on, Hitporen ta CumimidiBMICHHX TEPOKCHIIB 3 OJHIEI MEPOKCHIHOK TPYIOK B
MOJIEKYJ1 B TOBITpsiHiM atMocdepi. PIBHSHHS MOXXKHA BHKOPHCTOBYBATH JUIsi OLIHIOBAHHS MOXKJIMBOCTI
3aCTOCYBaHHS Ta 30epiraHHs MOXiTHUX TEPOKCUIHUX CITONYK.
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