/"“
OPRIOKEHHE 3_
K NPUKA3Y 0T 0%.06.20.4L &

b 16385~ 94 2

MuHuCTEpCTBO HayKu H BICIIEro 06pasosanus Poccuiickoit ®enepanuu

DeniepalibHOE rOCY1apCTBEHHOE GIOUKETHOE YYPEKIECHAE HAYKH
WHCTUTYT Npo6eM XHMHKO-3HEPreTHYECKUX TEXHOIOT U
Cubupcxoro otaenenus Poccuiickoit akaneMuu HayK

/)

/4

yﬁ PXXITAIO
/

Hupexrtop /’J
[ C.B. Criconstun
« O LOHA 2024 r.

INPOI'PAMMA KAHIUJATCKOI'O SK3AMEHA
no pucuunuHe «MAHOCTpaHHDIH A3BIKY (AHTTHICKHIA S3BIK)

1. EcTecTBeHHbBIE HAYKH
(ko1 1 HaumeHOBaHKe 001aCTH HayK)
1.4. Xumu4yeckne HAyKH

(k01 M HAMMEHOBAHME TPYNMBI HAYMHBIX CELMANBHOCTEIH)

1.4.3. Oprannyeckas XUMHS

(KoM ¥ HAMMEHOBAHYE HAYYHOH CreLManbHoCTH)

IIporpamMma KaHAMIATCKOrO 9K3aMeEHa PACCMOTPEHA M 000peHa Ha 3aceJaHiH YYeHOro COBETa
UITXOT CO PAH, npotokon ot ¥ P4 2% Ne 7

CocraBurenu:

IIpenofasatens oTaea ACIUPAHTY DB, KAH. TICUXO0JI. HAYK ‘%@7& HO.B. Kmoea
HouenT kadeapr CONUanbHO-IYMaHATAPHBIX AHCLUILTHH

BriicKoro TeXHOIOrHIeCcKOro HHCTUTYTa (hrtuana)

®I'BOY BO «Anraiickuii TOCYIapCTBEHHBIH TEXHHUECKUA

Yuusepcurer uM. M.U. ITonsyrnosay, Kana. Gpumor. Hayk 3 E.C. 3amamanckas

Cornacosano: /

3aM. IMpeKTOpa 110 Hay4HOH paboTe, KaHI. XHM. HAyK B.B. Mansixun
Y4eHBll ceKpeTapsh, KaH. XHM. HayK ] ‘/ A.l'. CyxanoBa

3aBeqyIomias OTAEIOM aclHPaHTYPbI, KaHA. SKOH. HayK ﬁw — H.B. Bonkoa

Buiick 2024



Beeneune

Hacrosimas mporpamMma KaHZMAATCKOTO K3aMeHa paspaboTaHa s HAYYHOH crenuab-
HoctH 1.4.3 Opranudeckas XUMHS B COOTBETCTBHM ¢ [10I0MEHHEM O IIEpeYHe KaHIUAATCKHX JK-
3aMCHOB, IIPOLEypPE ClaYM KaHAUAATCKHX 5K3aMEHOB M IIPUKPEIUIEHHH JIHI[ JJIs Coauy KAHIH-
AATCKHX 5K3aMEHOB, YTBEPXKICHHOM IpuKa3oM oT 19.12.2022 Ne 15365-484.

Kannunarckuii sxzamen mpeacrapiser co6oit (opMy OLEHKH CTENEHH MOATOTOBIEHHOCTH
COMCKATellsl Y4E€HOH CTeNECHH KaHIunaTa HayK K [POBENEHMIO HAYYHBIX HCCIEIOBAHMIE 10 KOH-
KPETHOM HAYYHOH CHENHATBHOCTH ¥ OTPACIM HAYKH, 10 KOTOPOil [IOrOTABTHBACTCS HIIH HIOATO-
TOBJIEHA JHUCCEPTALHL.

Conckarens yaeHOM! CTeNEHY KaHMaTa HAYK JODKEH TIOKA3aTh BHICOKHIL YPOBEHE chop-
MHPOBAHHOCTH 3HAHMH, YMEHUH U HABBIKOB CAMOCTOSTENBHOrO IIONCKA, AHATH3A H nepepaboTku
3apyOeKHOH JUTEPATYpBI [0 TEMATHKE AUCCEPTALEOHHOrO HCCIIEIOBAHHS; CIIOCOOHOCTH K BEI-
CTYILIEHHIO C TOKJIafiaMK Ha HHOCTPAHHOM SI3BIKE M YHACTHIO B MEKAYHAPOAHBIX KOH(DEPEHIUsX,
IKOJIaX-CEMUHApaXx.

Ilpouenypa npoBeneHns: KAHAMAATCKOrO K3aMeHa

Kannunarckuii sK3aMeH npoBOAUTCS B hOpPME COYSTAHHAS YCTHOM U TUCEMEHHOM bopm.

Kannnarckuit 3x3aMeH 110 HHOCTPaHHOMY S3BIKY IIPOBOJIMTCS B JIBA 3Tala:

1) acnupaHT BEINONHSET MUCHMEHHEI MEPeBO HAYYHOTO TEKCTA 10 CIELHATEHOCTH Ha
pycckui a3pIK. O6Bem TekcTa — 5000 IeYaTHBIX 3HAKOB; BPeMs BEIIOIHEHHS paboTer —45-60 mu-
HYT. YCIELIHOE BBINOTHEHHE IHCEMEHHOTO EPEBOLA SBIIETCS YCIIOBHEM JIOIIyCKa KO BTOPOMY
JTally 3K3aMeHa,

2) acniupaHT BEIIOJIHSET TPY 3a/1aHAS (YCTHO):

- H3yqaromiee YTCHUEC OPUIMHATIBHOTO TEKCTa IO CNEHHaANBHOCTH (06beM TekcTa: 2500—
3000 mevaTHbIX 3HAKOB; BpeMs! BLINOMHEHHS paGoTs! — 45—60 MHHYT; Ilepeiada U3BICYEHHOH HH-
(hopmauyy OCyIIeCTRISETCs Ha PYCCKOM S3BIKE);

- beryioe 4TeHME OPHIMHAIBLHOTO TEKCTa MO CIHENMATBHOCTH (obvem Texkcra — 1000-
1500 neyaTHBIX 3HAKOB; BpeMs BBITONHEHHAS — 2—3 MMHYTBI); /IS IPOBEPKHU OErIOro YTeHUs 10-
IyCKaeTCs HCIO0IB30BaTh TEKCT IIEPBOTO HTana IK3aMeHa,

- Becezia ¢ 3K3aMEHATOPAME Ha HHOCTPAHHOM SI3bIKE IO BOIIPOCAM, CBSA3aHHBIM CO CIIEIH-
albHOCTBIO U Hay4YHOH paboToil acnupanTa.

KadecTBo nepeBojia, BEIIOIHEHHOTO aCIPAHTOM B PAMKAX [IEPBOrO 3TalNa KaHJHIATCKOrO
K3aMeHa, OLICHUBACTCA 110 324€THOM cucteMe. IlepeBoa momken GbITb IpeaCTaBIeH B BHIE PY-
KOIIMCHOTO TEKCTA.

Ilepedens 3aganuii Ui KAHAUAATCKOrO IK3AMEHA (poMeKyTOYHOI0 KOHTPO.IA)

IlepBerii 3Tan 5k3amMenHa — 06pa3sen TeKCTA /IS MHCHMEHHOTO nmepeBoaa — [IPe/ICTaBIeH
B [Ipunoxennn 1.

Kpurepun onenku nepsoro srtamna sx3amena:

- «3a4meno» — BBIIONHEH BECh 00BEM NEPEBO/Ia, OTOOPAHHBIE S3BIKOBBIE CPELCTBA COOT-
BCTCTBYIOT IIOCTaBJICHHOH 3aj1aue, HaOMIOQaeTCsl ONpPaBIaHHoe, [TOC/IEN0BATENLHOE 1 JTOTHIHOE
H3JIOMCHHUE MBICIIH, OTCYTCTBUE IIOBTOPOB U HAPYIIECHHS CTHJICBOTO SAMHCTBA TEKCTA, BAPHATHE-
HOCTP HCIONB3yeMBIX JIEKCHKO-CHHTAKCHYECKHMX E€IMHHI]; OTCYTCTBYIOT IpyOble TpaMMarnye-
CKHe, ophorpadudecKkue 1 TEKCHYECKHE OIIUOKH B S3EIKOBOM MarepHane;

- «He 3a4mer0» — BBILIOJIHEH HE BECh 00BEM IIEPEBOJIA, MMEIOTCS FpaMMaTHIecKue, opho-
TpaUyYecKie U JIEKCUYECKHe OMIUOKH B S36IKOBOM MaTepHalle, EPEeBO BBITIOIHEH HeaJeKBATHO.

2



3ananus BTOPOro 3Tamna 3K3aMeHa OIEHHBAIOTCH II0 quprGX6EU'IJ'IBHOﬁ mKajie: «om-
AURHOY, KXOPOULO», «yaoeﬂemeopummbﬂo», «Heyc)ae,fzemeopumeﬂbﬂo».

Bropoii sTan s3x3amena — o6pasen Texcra Aas H3Y4Yai0IIero 4YTeHHs — IPeJICTaBIEH B
Ilpunoxennu 2.

Kputepuu olleHKH TeKeTa 1715 H3y9aromero YTeHus:

- €OMAU4HOY — NPE/ICTABICH MONHEIN NePEeBO., aNeKBATHBIH CMBICIIOBOMY COJEPKAHHIO
TCKCTa Ha PYCCKOM A3bIKE. TEKCT rpaMMaTHYeCKy KOPPEKTEH, ISKCHYECKHE SIHHNIBI i CHETAK-
CHHYECKHE CTPYKTYPBL, XapaKTePHbIE 4714 HAYYHOTO CTHIIS PEUH, IEPEBEACHBI aIeKBATHO:

- «X0pouio» — NPENCTAB/IEH IOMHBIH [ePeBOJI, HO BCTPEYarOTCs JIEKCHUECKHE, IPaMMaTH-
HCCKHE U CTUITMCTHIECKUE HETOYHOCTH, KOTOPBIE HE TIPENATCTBYIOT O6IIEMY TOHMMAHHIO TEKCTA,
OAHAKO HE COTIacyroTCs C HOPMAMH A3bIKa NIEPEBOMIA U CTHIIEM HAYYHOTO H3JI0KEHHUS

- €y0oenemBOpUMeNbHOY — PPAIMEHT TEKCTA TIEPEBENEH He TIOTHOCTHIO WIH ¢ GOTBIIHM
KOIIMHECTBOM JIEKCHYECKUX, TPAMMATHIECKHX H CTHTHCTHYECKHMX OMMGOK, KOTOpEIE NpEmsT-
CTBYIOT 00LIeMY MOHUMAHMIO TEKCTA,

- «Hey0oenemseopumensio» — IpeNCcTaBlIeH HEMOoIHbI} IIEPEBOJI; aCIHpPaHT JEMOHCTPH-
PYCT HENIOHMMaHHUE CONEPXAHMA TEKCTa, GONBIIOE KOIHMIECTBO CMBICTOBEIX ¥ IPAMMATHUECKIX
OIIHOOK.

Bropoii sTan sx3amena — o6pasen TexeTa i 6ErI0ro YTeHmsi — npeacrasieH B [Ipu-
JIOMXeEeHHH 3.

Kpurepun onenku texcta s Geroro urenus:

- (OMAuHKOY — YTCHHE KOPPEKTHOE, JEKCHYECKHE EIWHMIbI H CHHTAKCHYECKHE CTPYK-
TYPBL, XapaKTEPHBIE JUI HAYYHOTO CTHIIA PEYH, IPOYUTAHBI IPABHITBHO;

- €X0pouio» — BCTPEHAIOTCS HETOYHOCTH B IPOM3HOMICHHH, KOTODBIE HE MPEIATCIBYIOT
00IeMy TOHMMAaHHIO TEKCTA,

- €Y006neMEOpUmMenyHO» — (PParMenT TeKcTa, NPEIOKEHHOTO Ha 9K3aMeHe, NPOYHTaH
C BOMBIIEM KONHYECTBOM OIMGOK, KOTOPHIE IPENSITCTBYIOT o0meMy NOHHMAaHHIO TEKCTa,

- «HeyOoenemeopumenbHoy — abCOMOTHO HEBEPHOE NIPOYTEHUE TEKCTa, OOIBIIOE KOnuYe-
CTBO OIIMOOK B IPOH3HOLICHNH.

Bropoii sTan 3x3amMeHa — nepedens BOMPocoB a1 Gecemni ¢ 3K3aMeHaTOPaAMHM HA HHO-
CTPAHHOM SI3BIKE II0 BONPOCAM, CBA3AHHLIM C HAYTHOMH CIICLHAILHOCTLIO H HAYYHOI pado-
TOH acHpaHTa:

. When did you first think of becoming a scientist?

- Why did you decide to enter the post-graduate courses?

- Do members of your family have science degrees?

. Who is your research advisor?

. What is the subject of your research?

- Is the topic of your research connected with your graduate work?
. What is the motive force of scientific progress?

. Can science do without theories and hypotheses?

- Do you think you could make a discovery?

10. Could you describe the present state of research in your sphere?
11. What latest discoveries in your field of research do you know?
12. What characteristics should a scientist have nowadays? Why do you think so?
13. What scientists in your field of research do you know?

14. Who do you think is the founder in your field of research?

15. Did you take part in any international conferences in English?
16. How often are international conferences held in your field?

17. Have you got any published articles?

18. Are you satisfied with your level of English?
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19. Do you think it is important for a scientist to communicate in English? Why do you
think so?
20. Do you think it is important for a scientist to translate English texts?

Kpurepun ouenxn 6ecean! ¢ 3x3aMeHaTopamu Ha HHOCTPAHHOM SI3bIKE 0 BONIPOCaM,
CBSI3AHHBIM C HAYYHOM CIENMAILHOCTLI0 H HAYIHOM pafoToii acnupanTa:

- «OmautnOY — aClHPaHT CIIOCOOCeH BecTH Oecely Ha MHOCTPAHHOM A3BIKE, HE JOMYCTHI
CYIIECTBEHHBIX OLIMOOK B IOCTPOCHHH IPEIONEHHH, IPaBUIBHO YHOTpPEOH BHIOBPEMEHHbIE
(OpMEI raroia;

- «X0pOout0» — acCIIMPaHT B LENOM CIOCOOEH BecTH Gecely Ha HHOCTPAHHOM SI3bIKE, aCIt-
PaHT JOIyCTH HE 3HAYMTENBHBIC OMHMOKH B IOCTPOSHHMY MPEUIOKEHUH THG0 B yIOTpeGneHnu
BUIOBPEMEHHEIX (OPM rIarosa;

- «Y006NEMEOPUMENLHOY» — BElleHHE GECeibl BBI3BIBACT Y aclMpaHTa CYIECTBEHHEIE 3a-
TPYIHEHHUS, NOMYCTHI OIMOKH B IOCTPOSHUH IIPEIOKEHHET TGO B YIIOTpe6IeHHH BHIOBpEMEH-
HBIX GOpPM riiaroja;

- «HEYTOBIICTBOPUTENBHO» — ACHHPAHT HE COCOBeH BecTH Gecelly Ha HHOCTPAHHOM
A3BIKE, OTBETBI HE COOTBETCTBYIOT JIEKCHKO-TPAMMATHYECKAM HOPMAM HHOCTPAHHOTO S3BIKA.

HUrorosas ONE€HKA IT0 KaHIUIaTCKOMY JK3aMEHY BBIBOIMTCS KaK CpE€OHAA OLICHKA YJICHOB
KOMYICCHH 3a BCE 3aJaHus BTOPOTO 3Talla 3K3aMeHa.

KoHKpeTHEIE 3amaHUs K KaHIHIaTCKOMY 3K3aMEHY NOJOHPArOTCs NPEHNofaBaTeeM B CO-
OTBETCTBHU C TEMATHKOM HayYHBIX HCCIENOBAHMIA aCIHPaHTa.

Kanunarckuii sk3aMeH MPOBORUTCS B CMEIAaHHOMN (opme: 3amanue nepporo sTana KaH-
AHTATCKOro SK3aMeHa BBIIONHAETCSA NHCBMEHHO, 3aJaHHsT BTOPOTO 3Tara — yCTHO. Hns moaro-
TOBKH COUCKATENh HCIIOIB3YET IK3aMEHAIIMONHBIE JTUCTEL

Pexomennyemas utepatypa

OcHosHas anTepartypa:

1. Bacosa, O.B. AHrmiicKuit I35IK A7Is ACIIUPAHTOB i COMCKATEIel €CTECTBEHHO-HAYYHBIX
CHEMHANBHOCTEH: yuyeOHoe mocobue / O.B. Bacosa, O.C. Jlopskew. — Omck: OMcKuii rocynap-
CTBEHHBIH yHHBepCHTET uM. ®.M. locToesckoro (OMI'Y), 2019. — 138 ¢. — Pesxnm IOCTyma: 1o
noanucke. — URL: https:/biblioclub.ru/index.php?page=book&id=613822 (nata oOpamenus:
19.02.2024).

2. OCHOBBI IIepeBO/Ta, AHHOTHPOBAHHUS U pedepHpOBAHUS HAyYHO-TEXHHYECKOI0 TEKCTa:
yuebroe nocobue / E.A. Yurupus, T.IO. Hurupuna, S1.A. Kopanesckas, E.B. Kossiperko; Hayd.
pen. E.A. Yurupus. — Boponex: Boposexckuii TOCYapCTBEHHBIH YHUBEPCUTET MH)XEHEPHEIX
TEXHOJIOTHiA, 2019. - 157 ¢ = Pexum JocTyna: M0  IOANHCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=601568 (nara obpamenus: 19.02.2024).

3. Crpensuos, A.A. TIpakTHKYM MO TIEPEBOLY HAYIHO-TEXHHUECKHX TEKCTOB: English «
Russian / A.A. Ctpemsnos. — Mocksa; Bonorza: Wudpa-Mmxernepus, 2019. — 381 c¢. — Pexum
zocryna: mo moamucke. — URL: https://biblioclub.ru/index.php?page=book&id=564673 (mata 06-
pamenus: 19.02.2024).

HomnosHuTensHas IuTEpaTYpa:

1. Nanunosa, C.B. AHIIMHCKHH S3BIK 718 aKAZEMUIECKHX nene#=Academic Listening
and Watching: yge6roe nocobue 110 pasBHTHIO HABBIKOR ayIMpOBaHMS JIJI1 MarUCTPaHTOB eCTe-
CTBCHHO-Hay4HBIX aucimmuinH / C.B. Jlanunosa. — Omck: OMCKuit rocyaapcTBEHHBIH YHHUBEPCH-
Ter uM. ®.M. Jloctoerckoro (OMI'Y), 2019. — 90 c¢. — Pexum JOCTyNa: MO ITOAIUCKE, —
URL: https://biblioclub.ru/index.php?page=book&id=613819 (nata obpamenus: 19.02.2024).
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2. Kucens, JIL.H. Aurnmitckut s3bk. MHTeHCHBHEDII Kypc oOyueHus urenumro=English.
Intensive Reading Training Course: yye6Hoe mocobue / JI.H. Kucens, I.I". [Tanaciox. — MuHck:
PUIIO, 2021. - 108 G -  Pexum JocTyma: o MOITHCKE. -
URL: https://biblioclub.ru/index.php?page=book&id=697398 (mata obpamenus: 19.02.2024).

3. TuxoHoB, A.A. AHITHHACKU A3BIK: TEOPHS M PAKTHKA nepesoja: yueOHoe mocobue /
A.A. Tuxonos. — Mocksa: ®JIMHTA, 2019. — 120 c. — Pexum OOCTYMa: 10 MOAIHCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=611202 (nata obpamenus: 19.02.2024). —
ISBN 978-5-9765-4143-6.

4. @ponoea, B.II. Bex xummu=Age of Chemistry (English for students of chemical
direction): aHIIHICKHA S3BIK I CTYZEHTOB XMMHUECKOLO npoduis: yuebHoe mnocobue /
B.IL. ®ponosa, JI.B. Koxanosa, T.IO. Yurupusa ; Hayu. pexn. E.A. Yurupus. — 3-e u3n., mepepab.
u jon. — Boporex: Boponexckuil rocy1apcTBEHHEIN YHHBEPCHTET HHXEHEPHBIX TEXHOIIOIHH,
2019. — 201 & - Pexnm JocTyna: o MOAIHUCKE. -
URL: https://biblioclub.ru/index.php?page=book&id=601455 (nata obpamenns: 19.02.2024).

5. Haruna, H.B. [lenoBoe o6menye Ha HHOCTPAHHOM SI3bIKE: yuebHoe nocobue / H.B. Un-
ruHa, E.I'. Byxsanosa, C.B. Cripeckuna ; Camapckuii rOCYNApCTBEHHBIN arpapHbIil YHHBEPCHTET.
— Kunens: Camapekuii rocyapcTeeHHbIl arpapHsiit yHuBepcuTeT, 2020. — 113 ¢. — Pexum fo-
cTyna: no noxnucke. — URL: https://biblioclub.ru/index.php?page=book&id=611425 (nata obpa-
mwenns: 19.02.2024).
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Poly(iminoborane)s: An Elusive Class of Main-Group Polymers?
Ozan Avhan, Thomas Eckert, Feliv A, Pfqmper. unai Ho.’:gsr Hedz@‘
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Scheme 5. Folylarminghoranes (1), solyjninoborane]s (1), Boruzines
(B (B, R ueyl, alky?, 02 H), sind an upprosirmste stracure of
zalyborazylene (V).

The B-N bond of sminshozaaes shews significe double-
hond charaerer. Substitution of C=C usils with Uieir isoulec:
tromie aml jsosterle B=N upiis in mono- aad polyeyelic
wrumatic hydrocarbons (PAHs) has emerged a5 a vighle
strategy to praduce nove! molecuize hebrid compounds the
show structural similaritics 1o their all-carbon sonpenets bt
in muny ewses fundamenially allened elecironic propers
e P Seginal ts Packarund. 1§ soums surprising thas
the gurrent stute of knowledge on polymers with snsaturated
BN oty s mther bmmted =0 Mopsover, the imurgunic
parent unsaivraied BN polymens, polylimizusborane)s (PIBs,
By have never been comvineingly characterized so lar,
aithough considerable theorelical inferzal has been devoled
o suth species!™ Formally, PIBs are isozleetionic to poly-
acetylene. although g considerably lerger band gap has been
predicted for the purent ssstom, [BHNH],™

The tgrm polyisinebomne” s ocerred frequently in
thy lileratumye in Uhe context of dehydrogenation studies of
v burane (N BH L AB)L The solid-siate pryrolvsis of
AB proceeds through a series of suceessive dehvdraeoupling
stepsi™ to Bimally vield hexagonal hason nitride ahove around
L200°CHH The fntenmedime produet Termed besices the
parent horazine (B8, 11 R~ M} in the second dehvdrogen-
ation siep s been desoribed oy en insoluble, intrnciabie,
amarphous solid of the approximae comprsitins BN, In
vacous publicaticens, this mmterial has beea (ermed “puiv-
immeborane (P andfor was referred 1o with the formula
“IBHNH] " Pate ettt Povaver whether 1t is actusidly
alinear pelyier 1B i formed ander Uhese conditions seems
questionzble. While 1R spectroscapy, Ruman spectroseapy,
and solld-siate '8 NMR dara lor such partially pyeolvaed AR
i seme wuses have been associated with the chemical name
pulyiminobsrane or the formula {BENH] 5 seeol-he-
art sailaen- and solidstate B oand N NMR studies have
revealed Use presenoe of N.B and BN i addition 1 NaBE
i BN stes o Therefone, it was recently proposed
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that tie strecture aof this meterdal showld heter he deseribed
s palydarazylene (I¥). that is a puariv-delined macro-
meheeular aetwork of partisily fused horwzine rdnas!/ e 1y
lael, the provided NMR data are remarkably sirsitur 1o those
af 3 polyberviens sample prepared through & differcm
renpte Y

Thermolysis of Mansces” polyf Mgt by berinobammne s (L
R=0CHy in sultion resulied in depolemerization 1o give
& it of lowanoiveularaveighl oligemers aod NN
trimsethylhoragine. The formation ol a paly{iminobarine has
ot bren deserihed. ™ (2 the 19805 Paetrald and en-workess
reported un the dsolation of wasy maledals for which
& constitution of Eacar poly(iminoboraneks (I8 R - B
kyl) was propused ™ These materials were ohtatned upuen
the generation of menameric iminobaranes™ in the o
phose and subseyuest rapping at - 196 5C, The Prociices were
found (e be fnsoluble is common arganic selvents. sa 1heir
strustural charucterization was Emited, Minor ameunts of the
varresponding boragines (1) additionally formed could be
separated by extraction, The given wssigr T was bygsed on
clemental analysis und mass sgecirometey dota anad on the
ubservaties that e componnd identificd as [EdBNE]L
wanstarmed e Bexaetliviborszine wpen heating pbove
IS°C. An snalogous translofmation of the derivative
I"PrBN"Pr],. however, was gt selioved

Wergin, we presen: the symhesis wnd comprehensive
characierization of a provessable uligaginsinabopnse) with
well-defined micresuiure, composed of o ehmin of 12-14
BN ames For this purpose. e unwented
sorpeling Sy reactien o polential BN monumers 1o give
i eveliv Wimars thal s, the respeetive horarine derivatives
(IEEL swemed 1o be o omajore hundle o overeeme, Vi el
it Strategy by which pussible pathwanys feading to FEEsBouid e
prevented, For this purpose, se introduced an eiylene bridge
to link the nitrogen woms of t5e monomer, This staric
congiraint proved elfective (o pregiude any borsgine lorma-
lion. Related approaches have heen followed previously by
Meilson wikl Retta, but, 1o twe best of our knowledge, the
identificelion of o poly- or an extended aligofiminoborane)
seus ol achieved in these studion!®

Reecenth we presented o novel eliss IR g i
hvbrid ¢ o cumprised of altcemating dimidubomme and
frera-phcaylene enisd' The synthesis ereol was tchieved
using s facile polycomdensation process tarough SUB
exchuige with silwame 51N band eleg viage. For the current
study, we advpied this approach: we employed | 3-bis{ irime-
thylsilvll- LY 2echizabosalidine | lor pelveondensation with
dichivrohorine 2 (Scheme 2u). a-Cetyl side ehains {hersin
denuted ws Ot ab boren were chosen s arder 1o tmpart
salbuhility Addinonally, we propared wumnpound Tas @ misleg
whar moded syxiem {Scheme 1hi.

Mestoring of the reaction wf 1 with 2 m CLHCY, a
ambient wermperaiuie by "BUHT and ' NMR SpectTosIOpy
shawed it both 1 and 2 were mmedintely consumed with
mitial selective Ioemuation of 3 (seo Figure 827 in the
Supporting [eformation). Even sfler shon reactEm imes,
the speetrr poverled b Surther wligamedizmion fnd oc-
carred, The "B sesonance for the B-C3 end wroups of U
srawizg chain tal sreund 443 ppm) sumineously decremsed
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Scheme 2 a) Synthesis of ehpofiminobasans) d ard evdcapped deriv.
tive & b} Syrithesis of model zempaund 7 10t~ nCyHy )

in imensity. One broad sigaal remuined in the "B|'H| NMR
sputium for the bulk buron stoms of the uligomer 4, which in
the caurse of the reaction was shifted slightly upfield 10§ -
3 ppa Inthe “"H NMR spectrum, o eommen sigail appeared
for the protons of the etbvlene bridee, ventered ot 6 -
B3 ppen. Small peaks al & 300-3.25 and 345-365 ppm
remaingd, which we nssign w the cihylene protons of 1he rings
al the chain enls. The protos resomance for the SiMe: end
grovp wis delected ot &= 0.3 ppm. and concomitant for
mation aof the volitile endensation by prodict MeSiCT was
evitenced by Bs T8 cesenanes a1 & - 145 paon. Quantitetive
evaliional the stanals uver tine revested Uit conversion of
the nsctive geoups foveled off gt sbeut 85%. which iy he
isauclnbed with o rate reductzon daoe s marked increise in
e viscusity of e solutive. Ag estiiudion of the degree of
reiymerication aller B4 duys by using Carathers ediastion
sielded DP, = 7. Ther Mo SiNAe, thmal ) w fded 10
denetivate the B0l end groups of 4. The end-capped product
 was purified by adding rhe miviwre 10 &0 excess tmownt of
anhydrous acetanitsile, which resulied inveparation of € from
sulition. This alforded oligofimineberane; & s s highly
wiseony wmber fuid in 83 % yield.

The Hydrolylicatly sensitive ol iemer 4 was charaeterized
by multinuciear W3R speciraseipy, incluwding ‘H DOSY
{Figars S2K). mass speetranrerry (MSL clemental wiitlysis get
permeation chrommiography (GPC L dvanmic light scatlering
iDLS), smallangle Xeray seullering (SAXS), differenticd
sennning calorimelry (D). and thermogravimetric analysis
{PGAL as well o FTIR and UVIVis spectroscopy, The GPC
[rite sugmested maolecalar-welght avernges af 84, 1800 end
M = WU, respectively (Figure Fa), which s consisten: with
U presence of o clhain of showt f- 7 ropeat units, COTTESIIE-
ing o [2-14 sagnated BN ums. on average. LS pave
a hydeodysamic sedios 1R) of 2.2 nm for particles of &' in -
pertine (Figure Thy e SAXS measurements revenled g
4 nddopts @ shhidy snisotropic structure with 3 small supract
rielie i oeepentane. The distance distcilwsion indicates an
ellipsoidal structure (profuee] with axes of mertin of 1.7 and
A0 L0 mr and s cadius of gyrtion (R of 8w {Fig-
ure Ldy Filting e o womelike chain model give a rigid nod
with 2.7 am for Lhe cxlended chain femeth wogether with
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LTS s absorplion w:weln:'ngt‘h ol 260) nien, TT:‘IE:& is in
= ;i GRC & ]! Bi ool ugreement with the axperimental
= ' M afsorption muximun of 4, The correspond-

3 o x ing clectrenie wansiton from the HOMO Lo
@ ? i thi LEIMO can be classified as o PN
FEBY process. The HOMO somstivoies

i oumbimition of poorhilals of the nitregen

) peoms. witile the LUMO is composed of the

VRN erintats of the boran atoms {lor the

) tetramer, see Figure 20 see abso Figures $45-

e SER). Both arbilgls are extended over he

B B entire mnlecular chain. Conseguently, some

degive of intrameleculyr’ chame transfer
LLETT) eharvacier trom ailrogen 19 boren is
assoeiated with this transitjon,

This work us previded access t the first
well-detined aligo(iminoborane). Sisee fhe
Gailure of previows wtenpts W Prepane such
specdes appeared (o be aseribad 1o the Ligjle
foarmatien of borpzines from rational PLB
maoaoioers, we developed ap aproach by

T ———

e

L= B

Figuee 1 u) Malarmass distribution of 4' a5 determaed by GPC (in THE, worsus

palpstyrene standards). 5] Intensiteweighted size distribution of 4 in repentane by DLS witich i 1‘“""@““-' SINL‘-‘ rewcion wis _cﬂ'cc-_
(1~ F0%). €} SAXS pecfile of & in a-pontane, Sitted with 10 worrm-lilbe dhain modal, twely suppresssd Lirwigh the intreduction nr
¥ Bayesiznawzighied distance distribution fanction, #n ethyiene dridpe berwesn two N alems ol

a Miom “worm™ dismeter [Figure Te), thus indicating
a slightly anisolzopic structure due to the longer uetyl side
Broups (contous lepsh of octyl residue: co. | iy and the
fimised degree of polvmeriztion feantour length sloag the
vackbone of # heximurie streeture oy, 3 muk By DBC, 0 ok
2 s abse el at = =7 T 'ﬁ'(.'}.".i’ah'?:»ﬂw:d that
iy liss of fF oceues in hasic iy twa siops, Al
FIEC, the semple foges 729% of its weight, which painls to
e eapubvien ol lhe eety] side groups In the sovond siep,
stating b shout A0°C, o further Y05 of muss i aruduall
fost. THis correlates approximaicly wich the mess of (he ..-;“"sl ;
alivkens bricdges. The sotal ¢erami vield abtamed al 100C AT
Amouls w TR which s duse 1o the fraction of BN in 4 4
A3 This demonstrates thit ghe ethylene bridges effue-
wvely stabilize 1he muckbone of the wligemer, The 1V Vis Figure 2, Coleulared Fontior ¢-duzls tizavalue: DO3Z) of an w benetinis
specirum of 4o THE displaved an absarption bund in the  sebstituted mode’ S 4 with 1 1 HE3LYR-D1 (el 50im).
LN speciral region al A, = 16U . Lhar i, shghtly red-
shiilted with respect to that of the motecular madel i, =
MEnm). the munemer. The agumer abained wampeses wochals of
Tes gain deeper insight ity the Geomelrie and electranic 1214 BN unils or average. which mlopts o helical conformua-
stueture of &, we carried owl DFT slestations o meslel  don in seheion. i absarbs LV light due to an inrsmolecntar
oligamers (with methyl instead ef oety] groups oe the baren) chirge transfer from aitrppen 1o boras, Currenlly, we are
with chair feagths up to =6 repeal umits, In the optimized exploring routes 1o Figh-mulecular-weight pohviiminobas
struciuses, otk the B und the N conters show teiginal planar — ane’s, and we are prabing the poteatisd of tese materil for
coordination. with the mesn angle sums of 36040° (al By and  potentinl spplication as clectronic materials and cerfnic
SEUE L N, respectively, The N-B-N and the B-N-B planes  precersars,
are ot fully coplunse et hive ag average lorsion angle of
P37 4 e hexamen). This couses 4 helien] structune witk
£ rrslation o abot § stracturad upils (2. naf s che mosl Acknowledgements
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INTRODUCTION

The polymer industy has catapulted our civilization w new heights pf
productivity and leisure, producing many of the household and industry standards for our
way of life, Most tools, games, ulilities, and necessities either contain or are made
entirely out of one or more different kinds of polymers, Traditiona) polymers that one
would usually encounter are typically organic polymeric systems developed for theip
ueility. However, the chemical intrigue of polymeric systems lies outside of the
practicality of these plastics. The nature of the polymeric backbone and testing the
possibilities of replacing organic maieties with their inorganic analogues is the basis of
the work presented here.

Typically, polymer synthesis falls under the realm and classification of organic
chemistry, as most polymers involve a stable carbor-carbon backbone. Well-develaped

examples include polyethylene', polyvinyichioride! (PVC), or polystyrene’ (Styrofoam).

0o
I T

Polyethylene Polyvinyl Chloride

I—0O

Palystyrene

Figure 1. Common Organic Polymers
These polymers are al| important and have been designed to display specific

characteristics, such as structural integrity, flexibility, chemical and thermal stability, and
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a fack of toxicity to humans. During recent decades, inorganic chemists have been
interested in the development of new polymers, both as scaffolds for inorganic reactions,
and in synthesizing polymers with an inorganic backbone, Inorganic polymers have
sometimes displayed enhanced properties over organic polymers. These properties
include bonds that are more resistant Lo free radical cleavage and the incorporation of
elements with different valencies than carbon, which would affect the compound's
flexibility, reacti vity, thermat stabili ty, and solvent interactions .’

A commaon backbone of an organic polymer consists of carbon atoms with
tetravalency, containing eight valence electrons for every two carben atoms, [f) instead of
carbon, alternating boron-nitrogen bonds were to he incorporated, the result would be an
identical number of valence clectrons, This indicates that the boron-nitrogen bond is
isoelectronic to the carbon-carbon bond. This supports the hypothesis thar a polymer
consisting of an alternating boron-nitrogen structure would behave similarly 10 its
carbon-carbon analogue.

The boren-nitrogen bond shares many of the same characteristics of 3 carbon-
carbon bond. As stated above, the number of valence electrons is the same. In addition,
the boron-nitrogen analogues  of  alkanes (amine-borancs, N3B-NR:), alkenes
(aminchoranses XeB=NRz), and alkynes (imincboranes, XB=NR} share similar bend
distances and properties.’ This suggests that a polymeric system cansisting of a boron-

nitrogen backbone is possible,

11
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Alkane Alkene Alkyne
154 pm 133 pm 118 pm

/

——B—N—— e S—
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Aunine-borane Aminochorane Iminoborane
158 pm 140 pm 124 pm

Figure 2. Comparative Structures and Bond Lengths of C-C and B-N Moieties

One of the problems associated with producing polymers with a boron-nitragen
backbone, is the generation of a cyelic trimeric by-product called borazine.* Borazine is
such a stable structure that its formation acts as a thermodynamic sink. With this in
mind, a different synthetic technique was necessary in order to design a polymer that did
not degenerate into borazine, Understanding this challenge, the Neilson group has spent
a number of vears investigating various synthetic strategies in order to develop potential

precursors to beron-nitrogen polymeric systems.

H

B
Ty
HB\N{;,EH

H

Figure 3. The Cyclic Boron-Nitrogen Trimer: Borazine
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Borates in Industrial Use
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Boron compounds fiid extensive use in g wide range of industrial applications, n early all
involving boron-cxygen compounds. Although guite diverse, these end uses depend on the
same fundamenta aspects of the structure and bonding patterns of boron. The most
important industrial uses of boron compounds are discussed along with recent develop.
ments in e understanding of fundamental chemistry of crystalline and vitreous borates
that underlie these applicalions. The formation of ester linkages to boran leads 1o industrial
uses and provides a basis for the biological interactions of boron, Full recognition of the
essential role that borpp plays in biclogical systems has only come aboul in the last few
Years, The use of boron in the manufacture of glass and other virreous preducts accounts for
more than one hall of all boren use. Perborates, sgriculture, woul preservation, und fire
eetardancy are also impartant application zreas, New applications are being developed for
the use of borates in the pulp and paper and ceramics industries, amang others,
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Introduction

Boren finds use in a wide range of industrial applications, the vas: majoricy of
which involve beron-oxygen compounds. This class exhibits a rich structural
chemistry, featuring both crystailine and non-crystalline solids of industrial
importance, and complex solution chemistry. The full extent of the role of
boren as an essential element in fundamental life processes has only become
clear during the past decade. The emerging biclogical roles of boron are
relevant 1o both the commercial and environmental aspects of boron science.
Although boran-oxygen chemistry is diverse and complex, it is ultimately
based on the electrophilic character of trivalent boron. This review explores
the chemistry of boron as it relates to its large-scale technological roles.
Although boron has a refatively low natural abundance (ca. 0.001% of the
earth’s crust) itis widely dispersed in the environmen t, occurring in rocks, soils,
and natural waters at low but significant Jevels [1]. Owing to boron’s unique
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praperties, it is more susceptible to fractionarion by gevlogical processes and can
become concentrated to 4 greater extent than other elements of similar natural
abundance, With the exception of a few rare fluoride minerals, boron always
occurs on the earth in combination with oxygen, either in crystalline borate
minerals or in water, primarily in the form of naturally occurring boric acid,
B(OH};. Boron is found in Sed water at an average level of 4.6 ppm. This level
s o low to permis economical extraction of industrial quantities. Thus,
commercial supplies of boron are derived from mineral deposits, which are
found as alkali or alkaline earth metal borates and borosilicates, with sodium and
calcium borates being the most important. Although borate minerals are
numerous, large commercially exploitable borate gre deposits are rare, However,
when such deposits ocour they can be vast, Owing to the relatively high water
solubilities of borate minerals, these deposits are always found in arid regions,
Most borates are produced in California and Turkey, with the rest coming from
Russia, China, and the Andean regions of South America [2].

An estimated 125 x 1p° metric tons of B,0; is cu rrently consumed
annually in the form of the various borate products. Fig. I shows the
dpproximate proportions of boron consumed by various large industries, It is
notable that the use of borates in the manufacture of varioys types of vitreous
materials, particularly fiberglass, ceramic glazes, and specialty borosilicate
glasses, accounts for more than half of all boron used by industry. The uses of
borates in peroxygen bleaching systems [or household laundry detergents,
micronutrient fertilizers, cellulpse insulation (fire retardant), and cleaning
products are also mportant. Following these applications there are hundreds
of other minor uses of borates, a small selection of which are listed in Table 1.

For the most part, these other applications utilize boron oxides, but a small
fraction of uses involves non-oxide materials such as boron hydrides and
engineering ceramics, Although these non.oxide materials have received great
atiention in academic circles in recent decades, they are yet to pain much
industrial significance in the overall scheme of the borate industry,
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“ilveryhiss
T

24,

erieulture
5%

e smivad rie
Perhorpe 124

0%,

Berovilivs e £l
L

Fig. 1. Estimated total borate use by major indusirial applications in B,0, equivalents for
the vear 200}
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