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DELIBERATION CFVU-038-2023

Vu le code de I’éducation, notamment ses articles L.123-1 a L.123-9, L.712-6-1 et L.719-
7

Vu le décret 71-871 du 25 octobre 1971 portant création de I'Université d’Angers ;

Vu les statuts et reglements de I'Université d'Angers, tels que modifiés le 15 décembre
2022 ;

Vu la délibération n® CA003-2020 en date du 17 février 2020 relatif a I"élection du
Président de I'Université d’Angers ;

Vu les convocations envoyées aux membres de la Commission de la Formation
et de la Vie Universitaire le 29 mars 2023

Objet de la délibération : Convention Faculté des Sciences - Université
Nationale Taras Chevtchenko de Kyiv

La commission de la formation et de la vie universitaire réunie le 03 avril 2023
en formation pléniére, le quorum étant atteint, arréte :
La convention est approuvée.

Cette décision est adoptée a I'unanimité avec 28 voix pour.

Christian ROBLEDO

Président de I"Université d’Angers
Signé le 12 avril 2023

La présente décision est exécutoire immédiatement ou aprés transmission au Rectorat si elle revét un caractére réglementaire. Elle
pourra faire 'objet d'un recours administratif préalable auprés du Président de I'Université dans un délai de deux mois a compter
de sa publication ou de sa transmission au Rectorat suivant qu'il s'agisse ou non d’une décision a caractére réglementaire.
Conformément aux articles R421-1 et R421-2 du code de justice administrative, en cas de refus ou du rejet implicite consécutif au
silence de ce dernier durant deux mois, ladite décision pourra faire I'objet d’un recours auprés du tribunal administratif de Nantes
dans le délai de deux mois. Passé ce délai, elle sera reconnue définitive. La juridiction administrative peut étre saisie par voie
postale (Tribunal administratif de Nantes, 6 allée de I'lle-Gloriette, 44041 Nantes Cedex) mais également par I'application «
Télérecours Citoyen » accessible a partir du site Internet www.telerecours.fr

Affiché et mis en ligne le : 12/04/2023

Présidence de I'Université d'Angers
40 rue de Rennes | BP 73532 1 49035 ANGERS cedex 01



http://www.telerecours.fr/
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CONVENTION RELATIVE A LA DELIVRANCE
DE DIPLOMES EN PARTENARIAT INTERNATIONAL

Entre

L’Université Nationale Taras Chevtchenko de Kyiv
Faculté de Chimie
a Kyiv (Ukraine)
Représentée par son Recteur, Volodymyr Bugrov
et

L’Université d’Angers
Faculté des Sciences
a Angers (France)
Représentée par son Président, Christian Roblédo

Vu I’article 1 de I’Accord de coopération en date du 27 février 2020, et notamment le souhait des
parties de développer des projets communs d’enseignement et de recherche,

Les parties conviennent de ce qui suit :



Article 1 — Diplome(s) visé(s)

Les parties souhaitent collaborer en matiére d’enseignement, par la délivrance de deux
diplomes :

- l'un délivré par I'Universite d'Angers, le diplome de « Master, mention chimie, parcours
Lumiére Molécules Matiere LUMOMAT »,

- l'autre délivré par 1’Université Nationale Taras Chevtchenko de Kyiv, le diplome Master
« Master. Chimiste. Professeur ».

Les étudiants participant a ces formations obtiennent a la fois le diplome de Master de
I'Université d'Angers ainsi que le diplome de Master de 1’Université Nationale Taras
Chevtchenko de Kyiv cités ci-dessus.

Article 2 — Sélection

Les étudiants sont admis en deuxieme année de Master sous réserve de validation de leur
premiere année de Master par 1’Université d’accueil. La sélection pour I’entrée en double
diplome de Master s'effectue par I’Université d’origine qui transmet la liste des étudiants a
I’Université d’accueil pour approbation.

Les cours de Master 2 se déroulent & I’Université d’Angers en langue anglaise. Aussi, les
étudiants en provenance de I’Université Nationale Taras Chevtchenko de Kyiv doivent avoir un
niveau de langue anglaise leur permettant de suivre un enseignement universitaire en anglais et
équivalent & un niveau B2 du Cadre Européen Commun de Référence pour les Langues.
Idéalement, ils doivent posseder un niveau élémentaire en francais permettant leur intégration. A
cet égard, a I’Université d’Angers ils continueront a approfondir leurs connaissances en francais
jusqu’au niveau Avancé — indépendant ou le niveau C1 — autonome.

Les étudiants en provenance de 1’Université d’Angers doivent avoir le niveau de la langue
anglaise leur permettant d’effectuer leurs études universitaires & Kyiv en anglais. En outre, ils
pourront éventuellement suivre les cours de langue ukrainienne destinés aux étudiants étrangers,
proposes par 1’Université Nationale Taras Chevtchenko de Kyiv.

Article 3 — Déroulement des études

Article 3.1 — Déroulement des études a la Faculté de Chimie de I’'Université Nationale Taras
Chevtchenko de Kyiv.

Les étudiants arrivent pour une année académique compléte (année de Master 2). Un projet de
recherche sous la forme d'un stage en laboratoire, est proposé pour I'année entiere et le projet est
construit conjointement entre les chercheurs des deux sites pour chacun des stagiaires. Les études
proposées par la Faculté de Chimie de I’Université Nationale Taras Chevtchenko de Kyiv se
déroulent a temps plein.

Dans le cadre du double-dipldme, les étudiants frangais de 1’Université d’ Angers peuvent etudier
a la Faculté de Chimie de I’Université Nationale Taras Chevtchenko de Kyiv (équivalent Master
2 Chimie). Leurs voyages et leur hébergement peuvent alors faire 1’objet d’une demande de
subvention (bourse francaise ou européenne) ciblée sur cette coopération.

Article 3.2 — Déroulement des études a ['U.F.R. Sciences a |’Université d’Angers.

Les étudiants arrivent pour une année compléete (année de Master 2). Un projet de recherche,
sous la forme d'un stage en laboratoire, est proposé pour I'année entiere et le projet est construit
conjointement entre les chercheurs des deux sites pour chacun des stagiaires. Le stage se déroule



en alternance avec des phases d'enseignement de 5 semaines sur les 6 premiers mois, puis a
temps plein sur le reste de I'année universitaire. Les étudiants doivent étre présents a Angers pour
le début de l'année universitaire. Les études proposées par le département de Chimie de
I’Université d'Angers se déroulent a temps plein.

Article 4 — Inscriptions

"En Master 2, les ¢tudiants bénéficient d’une double inscription, une dans leur université
d’origine et une dans 1’université partenaire. Ils payent les frais d’inscription dans leur
¢tablissement d’origine et sont exonérés de payer ces frais dans 1’établissement partenaire.

Article 5 — Coordonnateurs du programme

- Le(la) coordonnateur(trice), pour 1I’Université d’Angers, est le(la) responsable au département

de chimie de la collaboration avec 1’Université ukrainienne.

- Le(la) coordonnateur(rice), pour I’Université Taras Chevtchenko, est le(la) responsable au
département de chimie de la collaboration avec I’Université frangaise.

Article 6 — Délivrance des dipldmes

Les étudiants ayant suivi le cursus et ayant satisfait aux exigences de la formation se voient
délivrer deux diplomes :

- Le diplome du Master pour lequel ils sont inscrits a I’Université d’ Angers.

- Le diplome du Master pour lequel ils sont inscrits a 1’Université Nationale Taras Chevtchenko
de Kyiv.

Les deux Universités s’engagent a valider les résultats obtenus par les étudiants dans 1’Université
partenaire. L’évaluation se fait conformément au tableau de conversion suivant :

Le systéme de notation francais est basé principalement sur une échelle de 20 points avec les
mentions suivantes :

Le systeme de notation ukrainien sur une échelle de 100 points, selon la correspondance
suivante:

- 16 —20: very good (tres bien : TB) - BiaminHO (90 — 100)

- 14 -15.9: good (bien : B) - ny>xe mobpe (85 —89)

- 12 -13,9 : satisfactory (assez-bien : AB) - nocuTh 100pe (76 — 84)

- 10-11.9: correct (passable) - 3a710BUTBHO (60 — 75)

- 0-9.9: fail (insuffisant) - He3an0BLIbHO (0 — 59)
*) en Ukraine, les niveaux de notation *) B YkpaiHi piBHI OI[IHOK «IyKe
sont « bien » et « assez-bien » combinés n00pe» 1 « JOCUTh 100pe »
dans la catégorie des « bien » (12-14). 00’€IHYIOTh B KaTETOPit0 «I00pe»

(76-89).




Article 7 — Dispositions diverses

Les étudiants selectionnés doivent prendre a leur charge une couverture sociale spécifique,
couvrant notamment les frais de rapatriement. Les étudiants de 1’Université Nationale Taras
Chevtchenko de Kyiv doivent s’inscrire a la Sécurité Sociale francaise.

Ils bénéficient dans [’Université d’accueil, de 1’accés aux centres de documentation,

bibliotheques, médiatheques etc., dans les mémes conditions que les autres étudiants.

L’Université d’accueil facilitera I’accés au logement des étudiants en formation. Toutefois, les
frais de logement sont & la charge des étudiants, comme les frais de déplacement et tous frais
annexes.

Article 8 — Durée

Le présent accord prend effet a compter de la rentrée universitaire 2022/2023 et pour la durée de
I’accréditation des formations concernées, soit au plus tard I’année universitaire 2027/2028.

Le renouvellement aura licu sous réserve de I’achévement d’une nouvelle accréditation des
programmes pour lesquels une coopération est prévue.

Article 9 — Litiges, résiliations, amendements

Cet accord peut étre modifié par voie d’avenant signé par chacune des parties.

Il peut étre résilié avec un préavis de six mois avant le début de 1’année universitaire, a
I’initiative de chacune des parties, sans préjudice aux actions en cours d’exécution.

Les litiges seront résolus par conciliation ou par médiation. Dans le cas ou cette voie serait
épuisee, les tribunaux compétents seraient saisis.

Article 10 — Langues utilisées

Le présent accord est rédigé dans les langues francaise et ukrainienne, en deux exemplaires
originaux, les deux versions faisant foi.

A Kyiv, le A Angers, le

Pour I’Université Nationale de Taras Pour I’Université d’ Angers
Chevtchenko de Kyiv

M. Volodymyr Bugrov, Rector M. Christian Roblédo, Président
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YI'OJIA ITPO HOIIBII7IHE JUAIIJIOMYBAHHA

B paMKax
MIZKHAPOIHOI'O TAPTHEPCTBA

MK

KuiBcbkum HanionanbHUM yHiBepcuTeToM iMeHi Tapaca IlleBuenka
(Ximiunmii pakyaprer),
y Kuesi (Ykpaina),
B 0c00i pexkTtopa Bosionumupa bBYI'POBA

Ta
YHiBepcuTeToM mMicTa AHike
(PakyJbTeT NPUPOTHUYHX HAYK)

B AHxke (PpanHuis)
B 0c00i npe3unenta Kpucriana POBJIEJIO

bepyuu 1o yBaru crartio 1 Yeoou npo cnienpayro Bin 27 aromoeo 2020 poxy,
30KpeMa, OakaHHsS CTOPiH PO3BUBATH CHLIbHI HABYAIIbHI Ta AOCHITHUIBKI TPOEKTH,

CTOpOHI/I JOMOBHIJINCS PO HACTYIHE .



Crarrs 1 — Hinvoswuii (i) auniom (u)

CTOpOoHM MIATBEP/KYIOTh Oa)KaHHS CITIBIIPAIIOBATH B Tally3l OCBITH, IUIIXOM BHIA4l JBOX
JIUILIOMIB:

- OJIMH, 110 MPUCYHKCHUH YHIBepcuTeTOM AHXe, AUIUIoM Marictpa, 3a crieniajbHICTIO XiMis, B
TOMY YHCIIi 3 HAPSAMKY — MoJeKyJisipHi MaTepianu ais neperBopenns citna « LUMOMAT »,
- 1HIIMH, 110 pucyKkeHnii KuiBchkuM HarioHaIbHUM yHiBepcuTeToM iMeHi Tapaca IlleBuenka,
MariCTepChbKUi TUTUIOM.

CrynenTu, siki 0epyTh y4yacTh y Mporpami MOABIHOTO AMUIUIOMYBaHHS, OTPUMAIOTh SIK CTYIIHb
Marictpa YHIBEpPCUTETY MicTa AHXKE, TakK 1 CTyIiHb Marictpa KHiBCRKOro HaIiOHaJbHOTO
yHiBepcutety iMeHi Tapaca IlleBuenka, sik BKa3aHO BUIIIE.

Crarra 2 - Bin6ip

CTyneHTH OMyCKaIThCS JI0 IPYToro KypCy MariCTepchbKoi MporpaMu 3a yMOBH IiATBEPIKCHHS
MpUIMAIOYUM YHIBEPCUTETOM YCIIIIHOTO 3aKIHUYEHHS MEPIIOro poKy marictparypu. Binbip ans
yyacTi B Wi Marictepcbkiid mporpami (3 MOJANbIIAM OTPUMAHHSIM CTYICHS Maricrpa)
3IIMCHIOETBCS PIIHUM YHIBEPCHTETOM, SKMI Iepelae CIHCOK CTYIEHTIB Yy TNpHHMarOuuii
YHIBEpCUTET-TIAPTHEP TSI 3aTBEPIKCHHSI.

HaBuanus na « Master-2 » (Ha apyromy pori MaricTpatypu) MPOXOAUTH B YHIBEPCHUTETI M.
Amxe aHrmicpkor MoBor. Tomy cryaentu KHiBChKOTO HalliOHAIbHOTO YHIBEPCHUTETY IMEHI
Tapaca IlleBueHKa BOJIOAIIOTH TAKUM PIBHEM aHTIIIMCHKOI MOBH, IO JO03BOJISIE IM BiJBiAyBaTH
YHIBEPCUTETChKI KypCH, Ta € €KBIBaJEHTHUM piBHIO B2, 3rimHO 10 3arajabHO €BpOMEHCHhKOL
CHCTEMH OIIIHIOBaHHS 3HaHHA MOB. B izeani, cTyaeHTH MaroTh 0a30BUil piBeHb (PpaHIly3bKOi
MOBH, 1100 3a0€3MEeYNTH iX JIETKY IHTerpauito. Y I[bOMY BIJIHOIICHHI CTYJCHTaM B YHIBEpPCHUTETI
Amnxe Oyze HaJJaHO MOKJIMBICTh MPOJIOBXKEHHSI BUBYEHHS (hpaHIy3bK0i MOBHU 10 piBHSA Cl.

Crynentu 3 VYHiBepcurery AHXe, gKi BUUTUMYThcs B KueBi, aHajoriuHo, MaroTh pIBEHb
BOJIOJIIHHS aHIIIHCBKOI0 MOBOIO, 1[0 € €KBIBaJEHTHUM piBHIO B2. KpiM Toro, BOHM MOXYTb
BIJIBITyBaTH KypCH YKpAiHCbKOi MOBM JJIsi 1HO3EMHHUX CTYJEHTIB 3a HpOorpamoro, Uio
3anpornoHoBaHa KuiBcbkuM HallioHaJIbHUM yHiBepcuTeToM iMeHi Tapaca IlleBuenka.

Crarra 3 - HaBuanns

Cmamms 3.1 — Ilpogedenns naguanusa na ximiunomy ¢paxynomemi Kuigcoko2o Hayionanvrnozo
yuigepcumemy imeni Tapaca Illeguenxa

B pamkax mnoJBiHHOro AMIUIOMY CTYACHTH 3 YHIBEepCcUTETy AHXKE MOXYTh HaBYaTHUCS Ha
ximMiyHOMY (akynpTeTi KHiBChKOro HaiioHanbHOro YyHiBepcuTeTy imeHi Tapaca llleBuenka
(« Master-2 » - npyruii pik Maricrpatrypu) Uiimii pik (aBa cemectpu). [IpoTsSrom ychoro poxy
MIPOMOHYETHCS JAOCTIIHUIBKUNA MPOEKT y (opmi cTaxkyBaHHs B JiabopaTopii. TemMu HayKoBHX
IPOEKTIB CTYACHTIB BUOMPAETHCS CIIJIBHO, 3T1IHO TEMATHKOIO 3 ABOX Kadenp (J1aboparopiii) Ta
BIJIMOBIHO /10 JTOMOBJIEHHOCTI HAyYKOBUX KEPIBHHKIB (BiJ] IBOX YHIBEPCHUTETIB) IIUX CTYJICHTIB.
Ha ximiuHOMYy QaxyabTeTi JOCHIPKEHHS TMPOBOAATHCSA IOBHUM poboumii aenb. ['padik
BiJIBilyBaHHS 3aHATH Ta IHAWBITyaJbHUNA TUIAaH HABUYAHHS y3TO/DKYETHCS IS KOXKHOTO CTYIeHTa
10 PUOYTTIO.

Hapuannst Ha ximiuHomy (akynbTeTi KuiBchbKOTO HaIlioHATBHOTO YHIBEpcUTeTy iMeH1 Tapaca €
JIEHHOO (POopMOIO.

Butparu cTyneHTiB Ha Tpoi3a Ta MPOKUBAHHSI MOXYTh OyTH MPEIMETOM 3asiBKM HA OTPHUMAaHHS
rpanTy (ppaHIy3pKkoro abo €BpoIeichbKoro), CipsIMOBaHOTO Ha II0 CITIBIIPALI0, Ta CIIIAYyIOThCs
CaMHM CTYICHTOM.



Cmamms 3.2 — Ilposedenns nasuamHa Ha axyivmemi NpupoOHUYUX HAVK 6 YHuisepcumemi
micma Anorce.

CTyIeHTH NpUDKIDKAIOTh B YHIiBepcuTeT M. Amxe Ha winuit pik (« Master-2 » - npyruit pik
marictparypu). I[IpoTSroM ychOro poKy MPONOHYETbCSA MOCTITHHIBKUAN MPOeKT y ¢dopmi
CTaXyBaHHs B Jabopatopii. Tema HayKOBOTO MPOEKTY MPOMNOHYETHCS CIIIBHO, 3TiAHO 3 TEMATUK
JIOCJTIJDKEHB IBOX Kadenp uu 1abopaTopiid, BIAMOBIAHO 0 TOMOBJICHHOCTI HAYKOBUX KEPIBHUKIB
KO>KHOTO CTYJICHTA.

HaykoBe crakxyBaHHsI BiIOYBa€ThCS IO 4ep3i 3 S-THKHEBUMH (azaMu HaBYaHHS TMPOTATOM
nepuMx 6 MicALiB, a MOTIM 3 MOBHUN PoOOYMI JAEHb HA PELITY HaBYAIBHOTO pOKy. CTyneHTH
NOBUHHI OyTH MPUCYTHIMU B AH)XE Ha IOYATKy HaBUAIbHOIO POKY.

Hapuanns Ha xiMiuHOMY (pakynbTeTi AHXYHCHKOTO YHIBEPCUTETY € IEHHOIO (hOPMOIO.

Crarrs 4 - 3apaxyBaHHs

« Master-2 » cTyneHTH MaroTh MOJBIHE 3apaxyBaHHs, OHE B PIAHOMY YHIBEPCHUTETI, Ipyre B
yHiBepcuTeTi maptHepi. CTYIEHTH CIUIauylOTh 3a PEECTPallil0 Ta HABYAHHS, y BHIIAAKY
KOHTPAKTHOI (pOpMH OCBITH, JIUIIE Y PIAHOMY HaBYaJIbHOMY 3aKJIaJi Ta 3BUIBHSAIOTHCS B LIHX
300piB B MAPTHEPCHKOMY 3aKJIaIi.

Cratra 5 - KoopaunaTropu nporpamu

- Koopaunaropom Bixg YHiBepcurery AHxke, XiMiuHOTO (DaKyJIbTeTy € BiAMOBiIaidbHUI (-a) 3a
criBnpairio 3 KuiBcbkuM HanioHaTbHUM yHiBepcuTeToM iMeHi Tapaca [lleBuenka .

- Koopmunatopom Bin KwuiBcbkoro HarioHanpHOro yHiBepcuteTy imeHi Tapaca llleBuenka
XIMIYHOTO (haKyJIbTETY € BIINOBIAATBHUM (-a) 3@ CIIBIPALIIO 3 YHIBEPCUTETOM AHXKE.

CrarTs 6 - Bpy4enns auniomis

CryneHTH, sIKi 3aBEpILIMIIM IPOrpaMy i BUKOHAJIM BUMOTH KypCY, MalOTh JiBa JUIJIOMHU:

- MarictepchKuii CTYIiHb, Ha SIKUH BOHM 3apeECTPOBaHI B YHIBEpCUTETI AHXKE.

- Marictepcbkuil cTymiHb, Ha SKHMH BOHM 3apeecTpoBaHi B KuiBcbkoMy HallioHaJIbHOMY
yHiBepcurerti iMeH1 Tapaca IlleBuenka.

OO6unBa yHiBEepCUTETH 3000B'SI3yIOThCS MIATBEPAXKYBATH PE3yJbTaTH, OTPUMAaHI CTy/J€HTaMU B
yHiBepcuteTi-niapTHepi. [lepe3apaxyBaHHS OI[IHOK  3/A1HCHIOBaTUMETHCS  BIANOBIAHO 10
HaBEECHOI HUXK4e TaOIUIll IepepaxyHKy.

VkpaiHcbka cucTema OIiHIBaHHS ©Oa3yerbcss Ha 100—OanbHiM 1mIKami, 3a HACTYMHOIO
BIIOBIAHICTIO:

- 16 —20: very good (trés bien : TB) - Bigmirao (90 — 100)

- 14-15.9: good (bien : B) - nyxe noope (85— 89)

- 12 13,9 : satisfactory (assez-bien : AB) - nocuTh 100pe (76 — 84)

- 10-11.9: correct (passable) - 3a710BUTBHO (60 — 75)

- 0-9.9: fail (insuffisant) - He3a10BUIbHO (0 — 59)
*) en Ukraine, les niveaux de notation sont *) B YKpaiHi piBHI OIIIHOK «IyXe 100pe» i
« bien » et « assez-bien » combinés dans la « JIOCHTH 0Ope » 00’ €HYIOTh B KATETOPIt0
catégorie des « bien » (12-14). «mo0pe» (76-89).




Crarra 7 — JlonaTtkoBi moJ10sKeHHs

BiniOpaHi cTyAeHTH MOBHHHI 1010aTH TIPO CIIEHialibHE COIllajbHE CTPaxXyBaHHS, IO MMOKPUBAE,
30KpeMa, BUTpaTH Ha penarpianito. CtyneHTn KuiBCbKOro HaIliOHAIBHOTO YHIBEPCUTETY iMEHI
Tapaca IlleBueHKa OBHHHI peecTpyBaTHCh Y @paHiry3pkomMy (GOH/II COIIaIbHOTO CTPaXyBaHHS.

CryzaeHTty, 110 NpoOMILIIM KOHKYPC HA L0 MPOrpaMy MOABIMHOIO AUIJIOMYBaHHS, MalOTh JOCTYII
710 IIEHTPIB JOKyMeHTalii, 0i0aioTek, MeaiaTeK TOU0 B MPUHMAIOYOMY YHIBEPCHUTETI Ha THX
CaMHUX YMOBaX, IO ¥ 1HIII CTYICHTH.

[Tpuiimarounii YHIBEpCUTET CIPUATUME MOUIYKY JKUTJIA AJISl CTY/IEHTIB, sIKI HaBualoThesa. OJHAK,
BUTPATH Ha MPOXUBAHHS MMOKPUBAETHCS CTYJEHTAMHU, TaK CaMo SK 1 BUTPATH Ha MPOi3xd Ta BCi
CYIIyTH1 BUTpPATH.

Crarrsa 8 - TpuBaJjicts

[ls yroma naOyBae umHHOCTI 3 2022/2023 HaBUalmbHOTO POKY Ta Ha TeEpioJ aKpeauTarii
BIAMOBIIHKX KYypCiB, T0OTO 10 2027/2028 HaBYaIBLHOTO POKY.

[ToHoBIIeHHS BiOYBAaTUMETHCS 32 YMOBH IPOXO/PKEHHS HOBOI aKpeIWTAIlil MporpaM, 3a sSIKUMH
3arjIaHOBaHa CITiBIIpalls.

Crarra 9 - Ciopu, po3TOPrHeHHs 10T0BOPY, 3MiHM TA IOTIOBHEHHS

L{s yrona mo>xe OyTu 3MiHEHa 3a JOMOMOIOI0 JIOJIATKIB, MiIMUCAHUX KOXKHOIO 31 CTOPIH.

Bona Mosxe OyTH po3TOprHeHa 3a IIICTh MICALIIB 10 TOYaTKy HABYAJIBHOTO POKY 3a 1HIIIaTUBOIO
OJIHIET 31 CTOPIH 0€3 MKOM JIJIsl TOTOYHOI iSTIBHOCTI.

Cnopu BHpIIIYBaTUMYThCS LUIIXOM MPUMHPEHHS a00 uepe3 MocepeTHUITBO. KMo el MeTos
Oyze BUYepnaHo, CiIiJl 3BepHYTHCS JJ0 KOMIIETEHTHUX CY/IiB.

Crarrs 10 - MoBH, 110 BAKOPUCTOBYIOTHCH

Ils yroma ckimageHa (paHIy3bKOIO Ta YKpaiHCBKOIO MOBaMH Y JBOX OpPHUIiHAJIBHUX
IPUMIPHUKAX, IPU [IbOMY OOUIBa TEKCTU € aBTEHTUYHUMH.

VY Kuesi, 2023 B Amxe, 2023

Bin KuiBchKoro HamioHaJbHOTO YHIBEPCUTETY | BiJl YHIBEpPCUTETY MicTa AHXKE
imMeH1 Tapaca IlleBuenka

Bosnogumup Byrpos, Pextop Kpicrian Pobneno, [Ipesunent
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OBJECTIFS DU MASTER - OBJECTIVES OF THE MASTER’S DEGREE

Le Master LUMOMAT propose une solide formation en CHIMIE en forte inte-
raction avec la Recherche scientifique et I'lnnovation technologique. Il s’in-
tegre dans la filiere émergente et a tres fort potentiel de I'électronique or-
ganique. Dans ce contexte, il propose une formation moderne, unique en
France, visant a faire face a la demande croissante de cette filiere industrielle
et académique et a offrir aux étudiants une formation de haut niveau qui leur
ouvre toutes les portes des secteurs des hautes technologies d’avenir telles
que le photovoltaique 3eme génération, les comburants solaires, OLED, les
capteurs et sondes moléculaires pour la santé et I’environnement, les nano
systémes structurés pour le transport et le stockage de I'information.

The LUMOMAT Master’s degree offers strong training in CHEMISTRY in close
interaction with scientific research and technological innovation. It is part of
the emerging and very high potential sector of organic electronics. In this
context, it provides students with an innovative and high-level curriculum
which is unique in France, aiming to meet the growing demands of this in-
dustrial and academic fields and to give students access to high-tech sectors,
such as third generation photovoltaics, solar oxidants, OLEDs, molecular sen-
sors and probes for health and the environment, structured nanosystems for
the transport and storage of information.

COMPETENCES VISEES - EXPECTED SKILLS

Le Master 2 LUMOMAT a pour ambition de former des futurs professionnels
dans le domaine des matériaux moléculaires pour la photonique et I'élec-
tronique organiques. Le Master LUMOMAT forme des chimistes de compé-
tences pluridisciplinaires capables de concevoir, d’élaborer puis de caractéri-
ser physico-chimiquement des matériaux moléculaires, voire d’assurer leur
intégration dans des dispositifs photoniques et/ou électroniques. A I'issue de
la formation, les étudiants connaitront I'industrie chimique et le milieu de
I'entreprise, I'’entrepreneuriat, la communication et le management de pro-
jets. lls seront capables de :

— Utiliser les techniques de I'ingénierie moléculaire et supramoléculaire pour
réaliser la synthese de matériaux fonctionnels.

— Choisir les techniques de caractérisations adéquates et les modéles théo-
riques appropriés pour optimiser les propriétés des matériaux fonctionnels.
— Restituer des connaissances sur des matériaux organiques (photonique et
électronique) et de leurs débouchés (actuels et a venir) et applications.

— Superviser et conduire des projets R&D dans les domaines des matériaux
organiques (photonique moléculaire et électronique).

The 2nd-year LUMOMAT Master’'s degree aims to train future professionals
in the field of molecular materials for organic photonics and electronics. The
LUMOMAT Master’s degree trains chemists with multidisciplinary skills to de-



sign, develop and then physico-chemically characterize molecular materials,
or ensure their incorporation into photonic and/or electronic devices. At the
end of the course, students will have developed knowledge in the chemical
industry and the business environment, as well as in entrepreneurship, com-
munication and project management.

They will be able to:

— Use molecular and supramolecular engineering techniques to synthesize
functional materials.

— Choose appropriate characterization techniques and theoretical models to
optimize the properties of functional materials.

— Communicate their knowledge on organic materials (photonics and elec-
tronics), on their current and future outlets and on their applications.

— Supervise and lead R&D projects in the fields of organic materials (mole-
cular photonics and electronics).

INSERTION PROFESSIONNELLE -CAREER OPPORTUNITIES

Le diplomé du Master LUMOMAT peut prétendre a des emplois aussi bien en
recherche gu’en industrie. Les types d’emplois : Cadre supérieur en produc-
tion ou recherche et développement / Thése de doctorat / Ingénieur d’étude
dans les grands organismes de recherche (CNRS, INRA, INSERM,...).

LUMOMAT Master’s degree graduates will qualify for jobs in both research and
industry, e.g.: senior managers in production or research and development
/ PhD students / research engineers in large research organizations (CNRS,
INRA, INSERM, etc.).

PUBLIC VISE - ENTRY QUALIFICATIONS

Le Master M2 est ouvert aux étudiants provenant du M1 LUMOMAT et d’autres
masters 1 a dominante marquée en chimie ou en physique/chimie. L’'inscrip-
tion est de droit pour les étudiants du M1 LUMOMAT. Pour les étudiants prove-
nant d’autres masters de chimie ou physique/chimie, I'admission est agréée
apres étude du dossier du candidat. Pour les étudiants provenant des autres
parcours, I'admission est agréée par une commission de validation d’acquis.

The 2d-year LUMOMAT Master’s degree is open to students who have com-
pleted the first year of the LUMOMAT Master’s degree or other Master’s pro-
grams with a strong focus on chemistry or physics & chemistry. Registration
is automatically possible to students who have completed the first year of the
LUMOMAT Master’s degree. For chemistry or physics & chemistry students,
admission is subject to approval based on the candidates’ files. For students
from other courses, admission is subject to approval by a recognition of prior
learning committee.



MODALITES PRATIQUES EN ALTERNANCE
PRACTICAL ARRANGEMENTS FOR THE WORK/STUDY PROGRAM

Le Master LUMOMAT est co-habilité entre les universités d’Angers, de Nantes
et de Rennes. Le Master 1 est localisé a Nantes et a Rennes et le Master 2
est localisé a Angers. Seul le Master 2 est aujourd’hui ouvert en alternance
(Contrat de professionnalisation).

Sélection : sur dossier, d’avril a juin

Rythme d’alternance : voir calendrier

Période de formation : M2 de septembre a septembre (année suivante)
Durée de formation : voir calendrier de la formation

The LUMOMAT Master’s program is co-accredited by the universities of An-
gers, Nantes and Rennes. The first year of the Master’s degree takes place in
Nantes and Rennes and the second year is held in Angers. Only the second
year of the Master is currently available on a work/study basis (professional
training contract).

Selection: based on application file, from April to June

Work/study periods: see calendar

Training period: 2"9-year Master’s degree from September to September (fol-
lowing year)

Duration of training: see academic calendar

STAGE - INTERNSHIP

Le stage de M2 dure de 4 a 6 mois. Il donne lieu a un rapport de stage qui
est évalué ainsi qu’a une soutenance qui donne également lieu a un échange
avec le jury. Le semestre 4 est totalement dédié au stage (30 ECTS) et ap-
porte autonomie et esprit d’initiative. Les étudiants peuvent bénéficier du ré-
seau LUMOMAT : http ://www.lumomat.fr/ pour les aider dans leur recherche
de stage en France et a I’étranger. La durée obligatoire du stage est de 4 mois
1/2 (Mi-février-Fin Juin) extensible a 6 mois jusqu’a fin Ao(t. Le stage peut
se dérouler en laboratoire de recherche ou en entreprise.

The internship for the 2"d-year Master’s degree lasts 4 to 6 months. Students
have to write an internship report which will be assessed as well as make an
oral presentation before an examination board. Semester 4 is dedicated to
the internship (30 ECTS), allowing students to act more independently and
show initiative. Students can benefit from the LUMOMAT network: http: //
www.lumomat.fr/ to help them in their search for internships in France and
abroad. The minimum compulsory duration of the internship is 4 months and
a half (Mid-February till end of June) extendable to 6 months until the end
of August. The internship may be completed in a research laboratory or in a
company.


http://www.lumomat.fr/
http://www.lumomat.fr/

FONCTIONNEMENT - COURSE STRUCTURE

La plus grande part des enseignements du M2 est assurée sur le site d’Angers
conjointement par des équipes pédagogiques mixtes des deux Universités.
Quelques cours et TP spécifiques (environ 1 semaine) sont dispensés a la
faculté des Sciences de Nantes.

Au sein d’'un semestre :

— Un élément constitutif (EC) est acquis dées lors que sa moyenne est supé-
rieure ou égale a 10 (hors séminaire non noté).

— Une unité d’enseignement est acquise dés lors que sa moyenne est supé-
rieure ou égale a 10. Un EC non acquis dans cette UE est obtenu par compen-
sation et ne peut donner lieu a seconde session.

Pour obtenir la seconde année de master son diplome, I'étudiant doit at-
teindre une note terminale avant stage d’au moins 10/20 (moyenne du S1) et
une note de stage d’au moins 10/20. Sont validés, les étudiants qui ont validé
chaque Unité d’Enseignement (UE) ou qui compensent entre UE (moyenne
>=10).

Sont diplémés du master LUMOMAT, les étudiants ayant validé 120 ECTs dans
le master (M1+M2) ou admis sur dossier en M2 et ayant validé les 60 ECTs
correspondants.

Les étudiants n’ayant pas validé leur année peuvent redoubler et conserver
les UE validées et lorsqu’une UE est constituée d’éléments constitutifs (EC)
validant des ECTs, conserver les EC dans lesquels ils ont obtenu la moyenne.

Most of the 2"9-year Master’s degree program

is taught in Angers by professors from the universities of Angers and Nantes.
Some specific courses and practical work (around 1 week) take place at the
Nantes Faculty of Sciences.

Within a semester:

— To pass a course component (“élément constitutif” or “EC”), students are
required to achieve an average grade greater than or equal to 10 out of 20
(excluding seminars which are not marked).

— To pass a course unit (“unité d’enseignement” or “UE”), they should achieve
an average grade greater than or equal to 10 out of 20. A failed "EC” in this
“EU” is passed by compensation and cannot lead to a second exam session.
To successfully complete the second year of the Master’s degree, students
must achieve a final grade (not including the internship grade) of at least 10
out of 20 (average of Semester 1) and an internship grade of at least 10/20.
Students must pass each course unit (UE) or compensate some of their UEs
(average mark > = 10).

Graduates of the LUMOMAT Master must have achieved 120 ECTS as part
of the Master’s degree (15t and 2" year) or must have been admitted to the
2nd year of the Master’s based on their application file and have achieved 60
ECTS during the 2" year of the Master’s degree.



Students who have not successfully completed their academic year can re-
peat it and keep the passed UEs. If a UE is made up of course components
(EC) awarding ECTS, students can keep the ECs in which they achieved a
pass grade.






EMESTRE 3 30 ECTS

Volumes horaires Controle des connaissances
UE Matieres 2 S 1° session 2° session
cm D TP | Tot [ S
Examen Durée Examen Durée
Anglais 0 0 10 10 1 1 Oral 30mn Oral 30mn
1 Formation professionnelle 0 0 15 15 0 0 P - - -
Projet Expérimental Etudiant 0 0 30 30 3 3 TP-05 TP-05*
Oral-05 Oral-05
Introduction a la planification 1 0 4 15 1 1 CC-08 1h30 CT-08 1h30
d’expériences TP-02 TP-0,2*
2| Modélisation Moléculaire 5| o 0 | 5 | 2 2 | ccos o | CTO5 2
TP-05 TP-05*
Formulation k] 0 10 | 3 2 2 | CCO05 2h CT-05 2
TP-05 TP-05*
Ingénierie moléculaire des systemes pi- 2% 16 0 40 3 3 cc 3h cT 3h
3 conjugués
Chimie supramoléculaire 25 0 10 35 3 3 cc-08 3h Cr-08 3h
TP-02 TP-0,2*
Photophysique et photochimie 17 5 8 30 2 2 cc-08 3h CT-08 3h
TP-02 TP-0,2*
Techniques de spectroscopies et 12 0 0 12 1 1 cc 1h30 cT 1h30
4 Microscopies
Interaction lumiére-matiére pour la 13 0 0 13 1 1 cc 1h30 o 1h30
biologie
Electrochimie des surfaces modifiées 16 1 8 35 3 3 cc-08 3h CT-08 3nh
TP-02 TP-0,2*
Matériaux moléculaires et hybrides, 30 4 16 50 4 4 CC-08 3 CT-08 2h
5 nanomatériaux TP-0.2 TP-0,2*
Electronique organique 35 5 20 60 4 4 cc-08 3h CT-08 3h
TP-02 TP-0,2*

* En session 2, report note TP si note >ou= 10/20 1
Pas de DA

Conditions de validation du semestre 3 :
Admis-e si moyenne > ou = a 10/20
et si Formation professionnelle validée

CT = Controle Terminal P = Validation en Présentiel
CC = Contréle Continu DA = Dispensé d'Assiduité



EMESTRE 4 30EC

Volumes horaires Contréle des connaissances
UE Matiéres £ 1% session 2° session
cM | ™D | TP | Tot 38
Examen Durée Examen Durée

Stage
1 0 0 0 0 1 Oral - Oral -

Alternance
! Pas de DA

Conditions de validation du semestre 4 :
Admis-e si moyenne > ou = & 10/20

Conditions de validation de I"’année : ((S3 +
. S4) /2) > ou = 10/20

pas de compensation entre S3 et S4

CT = Contr6le Terminal P=
CC = Contrble Continu

Validation en Présentiel

DA = Dispensé d’'Assiduité



SEMESTER 3 30 ECTS
Contact hours
Course assessments
1* session
%) £
Course Subjects 5 % - oot | vang Attend
Unit ) o3 Total | Lectures | Tutorials | "o ‘fka andatory ance 20 Exam
wor attendance exemp session duration
tion
1 4 55 55
English 1 1 10 / / 10 Oral / Oral 2030 min
g’ mn
k=
g
: Professional Training 0 0 15 / / 15 on-site / on-site
g
£
2 Practical / Practical (0.5) Report and
= Student Experimental (0.5) oral
; . 3 3 30 / / 30
2 Project / Oral (0.5) presentation
s oral (0.5)
2 5 5 70 44 4 22
Introduction to design of CA* (0.8) / FA** (0.8) 1 hour 30
iment N
expeniments 1 1 15 1 / 4 P+ (0.2) PWR* (0.2) mn
i Molecular Modelisation CA* (0.5) A% (0.5) 2 hours
2 2 2 % 15 / 0 Practical / .
g 05) Practical (0.5)
CA* (0.8) / FA** (0.8) 2 hours
Formulation 2 2 30 18 4 8 Practical Practical (0.2)
0.2)
3 6 6 75 49 16 10 /
Molecular Engineering of
Pi-conjugated Systems 3 3 w0 | 2 16 / CA* (1) / FAR* (1) 3 hours
k)
@
i3
s A -
z/:>7‘ Supramolecular Chemistry CA* (0.8) A% (0.8) 3 hours
3 3 % % / 10 Practical /
02) Practical (0.2)
4 7 7 0 58 16 16 /
CA* (0.8) .
Photophysics and AT (0.8) 3 hours
y 2 2 30 17 5 8 : /
Photochemistry Practical .
Practical (0.2)
8 0.2)
5
I
& Techniques of FA** (1) 1 h:::; 30
2 Spectroscopies and 1 1 12 12 / / CA* (1) /
% Microscopies
S
o
& AR (1) 1 hour 30
g \él.ghthalter Interaction for 1 1 13 13 / / cA* (@) / min
= iology
8
g
8 -
= Electrochemistry of CA* (0.8) FA** (0.8) 3 hours
S Modified Surfaces . 16 n s /
3 3 Practical Practical (0.2)
0.2)
5 8 8 110 65 9 36
CA* (0.8) ok
b4 Molecular Materials, FAT (08) 8 hours
5 . : 4 4 50 30 4 16 : /
2 Hybrids and Nanomaterials Practical .
3 Practical (0.2)
g 0.2)
[}
2
*
s CA* (0.8) FA** (0.8) 3 hours
< Organic Electronics 4 4 60 35 5 20 practical /
§ 02) Practical (0.2)




>Successful completion of semester 3: minimum average grade of 10/20.
>Successful completion of semester 4: minimum average grade of 10/20
>No compensation between semesters 3 and 4.

The grade and ECTS assigned for the internship (semester 4) do not compen-
sate for the average mark achieved in semester 3.

SEMESTER 4 30 ECTS

Contact hours Course assessments
% 15t session -
. v n
U.E. Subject 5d s Lectur | Tutori P'af” ) Exam
o2 Total o als c sessio .
work duration
Mandatory Attendance n
attendance exemption
Internship or
1 | work/Study 30| 1
Programme
la
Oral
Internship 30| 1 / / / / | Oral (1) o
1b Oral
Work/Study 30| 1 / / / / | Oral (1) o

*CA: Continuous Assessment
**FA: Final Assessment
***P\W: Practical Work



CURRICULUM OF THE LUMOMAT 2"9-YEAR MASTER

Semester Main course units Detailed course units (hours) European credits
s3 Cross-disciplinary English (10 h) 1
Training Professional Training (15 h) 0
(55h) Student Experimental Project (30 h) 3
Design Introduction to Design of Experiments (15 h) 1
S3 (70h) Molecular Modelisation (25 h) 2
Formulation (30 h) 2
Synthesis Molecular Engineering of Pi-conjugated Systems (40 h) 3
S3 (75h) Supramolecular Chemistry (35 h) 3
o Photophysics and Photochemistry (30 h) 2
s3 Cgilgac;?glsﬁgﬁgsiizd T.echniques of Micros.,copies a‘nd Spectroscopies (12 h) 1
(90h) Light-matter Interaction for Biology (13 h) 1
Electrochemistry of Modified Surfaces (35 h) 3
Materials and Molecular Materials, Hybrids and Nanomaterials (50 h) 4
S3 Electronics (110 h) Organic Electronics (60 h) 4
S3 Total (400 h) 30
S4 Internship Internship (from 4 to 6 months) 30







Design mp Synthesis msp Characterizations m Materials/Devices

UE4
UE1 UE2 UE3 4
. : ! Characterizations, aterials and
Transverse Training Synthesis and orzapic Photonics organic Electronics

English Introduction to design M ineering of pi- ics and Molecular Materials, Hybrids
10h 1ECTs of experiments conjugated systems phatochemistry and Nanomaterials
15n 1ECTs 20n 3ECTs 30h 2 ECTs 50n 3 ECTs
Professional Training
15h QECTs Molecular modelisation Supramolecular chemistry Technigues of spectroscopies Qreanic Electronics
25h 2 ECTs 35h 3ECTs and microscopies 60h, 4 ECTs
Student experimental project 12h 1ECTs
30h 3 ECTs Formulation
30n 2ECTs Light-Matter interaction for
Biology
13h 1ECTs
55h, 4 ECTs 70h, 5 ECTs 75h, 6 ECTs I R—
surfaces
35h3ECT 110h, 8 ECTs
400 h students 90h, 7 ECTs

> BLOCK A : Total : 115h, 8 ECTs

— Organic electronics : 60 h, 4 ECTs

— Molecular engineering of pi-conjugated systems : 40 h, 3 ECTs
— Introduction to planification of experiments : 15h, 1 ECTs

> BLOCK B : Total : 110h, 9 ECTs

— Molecular materials, hybrids and nanomaterials: 50h, 4 ECTs
— Electrochemistry of modified surfaces : 35h, 3 ECTs

— Molecular Modelisation : 25h, 2 ECTs

— Techniques of microscopies and spectroscopies : 12h, 1ECTs

> BLOCK C : - Total : 120h, 9 ECTs

— Supramolecular chemistry: 35h, 3 ECTs

— Photophysics and photochemistry : 30h, 2 ECTs
— Light-matter interaction for biology : 13h, 1 ECTs
— Formulation : 30h, 2 ECTs

— Student SEMESTER 3
UE OBLIGATOIRES - EDUCATION UNITS OBLIGATORY

Transverse training

English
Responsible : Sabrina Sebti

Objectives

The audiences of Master 2, fully taught in English, are diverse. Some students will
have obtained the certification at the end of Master 1 and will continue to deepen the
4 language skills (written and oral comprehension, written and oral expression). The
first objective is therefore the consolidation and deepening by the practice of these four



linguistic skills in order to reach (or consolidate) a level of certification (type B2 level)
defined by the European Framework of Languages.

Content

After a diagnosis carried out to establish the level of oral English, the student will re-
ceive work leads. The evaluation will be carried out during the defense in English of the
student experimental project.

Students will have the opportunity during the year to prepare and sit for the English
certification implemented at the University.

Knowledege and expected skills
Level B2 of the European framework.

Professional training
Responsible : David Canevet

Objectives

The objectives of this module are to know the fundamental tools for a future professio-
nal integration either in research or in industry, to know and understand the main prin-
ciples of a quality management approach and to know the main normative definitions
(REACH) of quality, applied in industry.

Content

The teaching will focus on scientific communication with training on writing an in-
ternship report, a scientific article, the acquisition of educational communication tools
(designing a poster, etc.) and research training, bibliography and popular science. Stu-
dents will participate in workshops dedicated to the concepts of meeting management,
management, project management, and preparation for a recruitment interview.
Students will have the opportunity to attend the conferences offered within the Labo-
ratory by internationally renowned researchers and teacher-researchers or industrials
in the field of organic electronics. In particular, an intervention by AFELIM (French
Association of Printed Electronics) will be offered to enable students to open up to the
various trades in printed electronics. In this context, company visits to this area of
application will also be organized.

The main normative definitions of Quality, the main regulatory requirements applicable
to chemicals and their applications will be described so that students are aware of the



different normative standards applied in industry (REACH regulations, 1SO 9001 stan-
dards, 1SO 14001, OHSAS 18001, 1SO 26000).

1) Les réglementations «meéres» sur les produits : REACH & CLP (2h), principales ré-
glementations sur les produits pour avoir une vision globale des différentes obligations
et de I'impact sur les entreprises.

2) La Fiche de Données de Sécurité et les mesures de gestion des risques chimiques
(1h) Sensibilisation a la FDS et aux EPI, EPC, évaluation du risque chimique. L'impact
sur les sites industriels: SEVESO 111, IED et nomenclature ICPE.

3) Les reglementations sectorielles existantes (1h). Tour d’horizon des différentes ré-
glementations existantes selon les types de produit et les marchés.

L’'idée est que les étudiants sachent que des réglementations spécifiques vont s’ap-
pliquer selon les secteurs, ajoutant des obligations supplémentaires a REACH et CLP.
Biocides, Phytosanitaires, Dispositifs médicaux, Fertilisants, Jouets, Alimentaire, Cos-
métiques, Carburants, Aérosols, Détergents, Médicaments, Peintures et vernis, Explo-
sifs et précurseurs.

4) Les reglementations transverses (1h). Montrer aux étudiants que les réglementa-
tions transverses sont nombreuses et qu’il est indispensable de les prendre en compte
avant de développer un nouveau projet/une nouvelle substance. PIC, RoHS / DEEE /
Piles, Conflict minerals, Précurseurs de Stupéfiants, POP, CIAC, R Nano Biens a double
usage

5) Les référentiels normatifs appliqués en industrie (1h) Description d’'un systéme de
management, principe de I'amélioration continue et champ d’application des normes.
1SO 9001, 1SO 14001, OHSAS 18001/1SO 45001, 1SO 26000, I1SO 50001 SMI et Res-
ponsible care.

Knowledege and expected skills

— Know how to write a CV and cover letter in French and English.

— Being able to conduct an interview for recruitment in French and English.

— Know the basics of popular science to simplify a research topic.

— Understand the different fields of printed electronics thanks to the opening offered
with the conference cycle.

— Be aware of quality in business through knowledge of the standards and regulations
applied on an industrial scale.

Student experimental project
Responsible : David Canevet

Objectives

During the student experimental project, students will be immersed alone (or in pairs)
in the host research laboratory under the responsibility of a supervisor. Over a period
of 4 weeks, after a bibliographic research work, the students will set up the realization
of the corresponding manipulations / calculations / analyzes. This project should take
place as independently as possible.

At the end of the project, each student will submit an individual report written in Engli-
sh describing their investigations, analyzes and conclusions. The assessment will also
be supplemented by an oral defense in English which will provide the mark for English
evaluation.

The student experimental project or tutored project must be the subject of an in-
ternship agreement.



Knowledege and expected skills

— Conduct an innovative approach that takes into account the complexity of a situation
by using information that may be incomplete or contradictory.

— Lead a project (design, piloting, implementation and management, evaluation, dis-
semination) that can mobilize multidisciplinary skills in a collaborative framework and
assume responsibility.

— Work as a team as much as in autonomy and responsibility in the service of a pro-
ject.

— Communicate orally and in writing, in a clear and unambiguous manner, and in a
register adapted to the target audience.

— Use digital tools to acquire, process, produce and disseminate information as well as
to collaborate internally and externally.

— Operate software for data acquisition and analysis with a critical mind.

— Use the methods of data collection and qualitative and quantitative data processing.
— Analyze and synthesize data with a view to their exploitation.

— Adapt to new or multidisciplinary situations to provide solutions.

— Report on their work orally and in writing.

-— Speak in public to defend a project.

Design

Introduction to design of experiments
Responsible : Dominique Wolbert

Teachers : Dominique Wolbert (ENSCR Rennes), Olivier Alevéque (TP, Univ. Angers)

Objectives

The goal of the design of experiments is to conceive, execute and analyze a set of ex-
periments resulting if the best possible compromise between quality of the requested
information (precision, independence, ...) and the experimental effort deployed, consi-
dering the formulated hypotheses on the studied system’s behavior. Frequently used
by the industrial sector for R&D and quality control, the method appears also more and
more for research purposes.

Content

The following courses will be dedicated to the presentation and use of several types of
designs, developed to answer different types of problems.

> |ntroduction

— Objectives, technical and economical interest, investigation methodology.

> Constitutive elements

— The factors : discrete, continuous, ... ; main factors, noise factors,...

— Treatments, experimental units, ...

— Observations, special case : quality (reduction of the signal to noise ratio).

The expected model, additivity hypotheses of the contributions, state vector, free or
constrained effects.

> Searching for an optimal design of experiments

— The sampling variance/co-variance matrix of the effects.

— The a priori analysis of an experimentation, optimality criteria.

— Execution of a designed experimental set (randomisation, error estimation, ...).

— Reminder on the significance of statistical tests, risks, comparison of variance es-
timations (Fisher-Snedecor test), of mean estimations (Student test, Tuckey test) ...
> Presentation/use of some types of designs

— Discrete factor designs : complete blocking, incomplete, latin squares, ...



Full factorial designs, 2p designs with interactions.

Fractional designs, Taguchi designs, Box designs ..., notion of aliases, resolution ...
— Response surface designs, quadratic designs : Doehlert, composite, Box-Behnken.
Mixture designs.

Simplex design for optimum search.

Knowledege and expected skills

— Isolate / detect the influencing factors of a system or process;

— Build an optimized experience plan;

— Conduct an experience plan during the experiments;

— Use the results of an experiment plan;

— Interpret the results of an experiment plan;

— Optimize a system or process from an experience plan.

Other concepts discussed and not deepened (not required): Evaluate the validity and
the precision of the experiment plan used; Use Taguchi plans to optimize a system or
process.

Molecular moledisation
Responsible : Thomas Cauchy
Teachers : Thomas Cauchy (Univ. Angers), Denis Jacquemin (Univ. Nantes)

Objectives

The theoretical calculation of the absorption and emission properties of UV-visible light,
as well as the modelling of organic reactivity, are now widely available with ab initio
methods. The objective of this course is to train informed users capable of choosing,
independently and with a critical eye, a calculation method to model the ground state
and excited states of complex molecules. The first part of this teaching covers and
deepens the problems related to the calculation methodology while the second part
is dedicated to the practice of modelling optical spectra (absorption, emission) and is
mainly carried out in the form of project work.

Content

Choice of the theoretical model to answer a molecular problem — 7.5h CM

— Available theoretical methods and their limitations.

— The problem of electronic correlation.

— Choosing calculations parameters.

— The potential energy surface of the excited states and the spectral modeling.
— The importance of vibronic coupling.

— Simple and advanced approaches to model reactivity.

> Setting up a strategy adapted to a problem — 7.5h CM and 10h TP

— Study of an experimental problem (article).

— Choice of a calculation strategy and its limits.

— Choice of a problem to study and practice.

— Simulation of the absorption and emission properties of complex molecules.

Y

Knowledege and expected skills

— Choosing the right theoretical model to answer a problem related to the reactivity or
the UV-visible spectroscopy properties of a complex molecule.

— Exploit judiciously and rigorously the results of molecular calculations.

— Analyze and summarize data for exploitation.

— Conduct an innovative approach that takes into account the complexity of a situation
by using information that may be incomplete or contradictory.

— Give an oral account of his/her work.



Formulation

Responsible : Mohammed Boujtita

Teachers : Anne Blayo (INP Pagora, Grenoble), Pascal Thobie (CETIM Nantes),
Mohammed Boujtita (TP, Univ. Nantes)

Objectives

Formulation is a multidisciplinary science which consists in associating active materials
or active principles and formulation auxiliaries (excipients, additives...) leading to a
mixture answering a precise specification. After studying the physico-chemistry of dis-
persed media (colloidal suspensions, solutions, emulsions, etc.) and related analytical
methods (spectroscopy, rheology, etc.), a focus will be devoted to mixtures for organic
electronics.

The objective is to understand how to make a functional material printable (conduc-
tive, semiconductor or dielectric material, for example). This involves understanding
the general principles of the formulation of a liquid, knowing the physico-chemical and
rheological properties of liquids, in order to meet the specifications of the implemen-
tation processes on the one hand, and the requirements of the intended application,
on the other hand.

Content

1.The main principles of the formulation:

— Generalities

— The classic components of mixtures (binders, solvents and diluents, pigments, fil-
lers, additives, etc.)

— Formulation processes (solubilization, grinding, dispersion, ...)

— Physico-chemical parameters of the formulation (solubility, interfaces, wettability,
CPV / CPVC, compatibility of mixtures, stabilization, particle size, etc.)

Case study: paint formulation - physicochemical formulation techniques and parame-
ters; Methods of transfer from laboratory to industry. P. Thobie (CETIM Nantes)

2. Rheology: L. Benyahia (IMMM Le Mans)

— Introduction to rheology.

— Fundamental principle and determining factors (stress, deformation, ...).
— Viscosity definition and energetical considerations.

— Effect of pressure and temperature on the viscosity.

— Time and shear dependence of the viscosity.

— Suspension rheology.

— Rheology of polymer solutions.

3. Printing and coating processes (used in printed electronics): A. Blayo (INP Pagora,
Grenoble)
— Printing techniques (screen printing, inkjet, rotogravure, flexography, other pro-
cesses).

- Main features.

- Properties of associated functional inks.

- Advantages and limits for electronic applications, examples.

- Coating techniques (spin coating, slot-die, blade coating).
— Drying / Annealing techniques (thermal / photonic).

4. Functional inks (inks for printed electronics, in particular): A. Blayo (INP Pagora,
Grenoble)
— Specific constraints (graphic inks vs. functional inks).



— Functional materials used for inks:

- Conductive materials (metallic and carbon particles and nanoparticles,
conductive polymers, etc.).

- Dielectric materials.

- Semiconductor materials (for PV and OLED applications, for example).

- X-chrome materials.
— Specific measurements of the properties of the printed film (conductivity, for exa-
mple).

Practical work: Screen printing techniques (H. Boujtita, Nantes)

Visits of companies will allow students to have concrete applications of the content
of this course: ARMOR La Chevroliére, world specialist in ink chemistry and printing
processes, and SERIBASE Chéateau-Gontier, a company specializing in screen printing
techniques

Knowledege and expected skills

— Know the main principles of formulation and formatting.

Know the main operating principles of characterization techniques.

— Use the methods of data collection and qualitative and quantitative data processing.
— Analyze and synthesize data with a view to their exploitation.

— Define the methods, the means of study and their implementation (adequacy of the
characterization technique to the parameter studied).

Synthesis

Molecular engineering of pi-conjugated systems

Responsible : David Canevet

Teachers : David Canevet (Univ. Angers), Philippe Leriche (Univ. Angers), Fran-
¢ois-Xavier Felpin (Univ. Nantes), Christophe Darcel (Univ. Rennes)

Objectives

This teaching block is dedicated to the main families of pi-conjugated systems used in
organic electronics and photonics. The synthesis and functionalization of photo- and
electroactive organic architectures will be discussed. A particular attention will be paid
to the impact of functionalization over physico-chemical properties. In a pluridisciplinar
manner, this unit will also raise awareness to the basic concepts of green chemistry and
the interest of non-noble metals in synthesis.

Content
— Classic organometallic coupling reactions (Pd, Ni or Cu catalysts): Stille, Heck, Ku-
mada, Sonogashira, Suzuki, Negishi.
— Direct arylations (directed or not), applications to aromatic heterocycles.
— Click chemistry (Cu, Ru) and C-H activation.
— Metathesis reactions, principles, (diastereo)selectivies.
— Amination and sulfuration reactions to design new syntheses of pi-conjugated sys-
tems.
— Interest of non noble metals in synthesis.
— Main electro- and photoactive organic derivatives.
- Nanocarbons: fullerenes, nanotubes and graphene.
- Perylene, naphthalene, porphyrin, phthalocyanin, tetrathiafulvalene.
- Pigments (diketopyrrolopyrrole, isoindigo, Bodipy etc ...).



- Thiophene, furane, pyrrole, dithienopyrrole, fluorene, carbazole, phenylene-
vinylene, phenyleneethynylene ...

- Organometallic complexes displaying optoelectronic properties.
— Design, synthesis, reactivity and functionalisation of these monomers.
— Design and synthesis of extended pi-conjugated systems (oligomers and polymers
displaying a weak band gap).
— Analysis of structure/properties relationships and importance of these derivatives.
— Green chemistry applied to pi-conjugated molecules (12 principles of green che-
mistry, atom economy, calculations of E factor).

Knowledge and expected skills

— Understand the reactivity of organometallic catalysts an their interest in molecular
and macromolecular synthesis (C-C, C-heteroatom bond formation, direct arylations,
metathesis).

— Handle the main synthetic methods to prepare pi-conjugated systems (heterocy-
clic chemistry, organometallic coupling reactions, polymerization strategies, cycload-
ditions).

— Design the retrosynthesis of a given pi-conjugated system by taking into account the
concepts of green chemistry.

— Understand the main principles of molecular engineering (polarity vs polarizability,
extension and functionalisation of conjugated systems, dyes, pigments,...).

— Comprehend the methods developed to fine-tune the levels of frontier orbitals and
the band gap of molecular materials for organic electronics and photonics.

— Use spectroscopic or electrochemical measurements to study a conjugated system
and evaluate its potential in organic electronics.

- Know the main classes of molecular and macromolecular systems reported in the
literature and their respective synthesis

- Differente nanocarbons and proposing well-suited functionalization strategies

Supramolecular chemistry

Responsible : David Canevet

Teachers : David Canevet (Univ. Angers), Abdel EI-Ghayoury (Univ. Angers), Sébastien
Goeb (Univ. Angers), Stéphane Rigaut (Univ. Rennes)

Objectives

This teaching unit provides the conceptual bases of supramolecular chemistry, a mo-
dern axis of chemistry centered on non-covalent interactions that is playing a key role
in materials science and in particular in designing organized structures for complex
functions, including at the macroscopic scale (molecular receptors, sensors, molecular
machines, ...). The aim is to show students how this transverse new field of chemistry,
often inspired by biological processes, can allow through a well-balanced use of va-
rious tools of chemistry (organic synthesis, coordination chemistry, spectroscopies,
physical chemistry, analytical chemistry), to control the structuring and the properties
of different classes of materials, on scales ranging from nano- to micrometric sizes. In
particular, mastering these tools allow to design sophisticated supramolecular objects
whose complexity could not be reached through traditional covalent synthesis.

The first part of this teaching unit is related to the foundations on which is built this
transverse field of chemistry (nature and characterization of non-covalent interactions,
self-assembly and molecular recognition processes towards discrete structures, desi-
gning molecular receptors). The module continues with an extension of these concepts
to the case of supramolecular polymerization (gels), and then to the rational use of the
C-metal coordination bond for the construction of various supramolecular architectures



and beyond, till the design of dynamic structures (molecular machines).

The complexity of the resulting systems is illustrated with the help of various recent
examples from the literature. Also, practical work sessions (10h) allow to tackle several
of these aspects. Finally, this course aims at stimulating the creativity of students in
order to integrate the corresponding concepts into the different application areas which
are considered in the other modules of the Master LUMOMAT.

Content

Supramolecular Chemistry: basics (9h)

— From molecular to supramolecular chemistry.

— Supramolecular interactions.

— Characterization of supramolecular structures.

— Host molecules for the recognition of cations, anions and neutral molecules.
— Chemosensors.

— Molecular flasks.

— Supramolecular catalysis.

Supramolecular polymerization (4h)

— Physical and chemical gels.

— Application fields (conducting materials, mesophases, self-healing systems,...).

— Description of supramolecular polymerization processes (isodesmic, cooperative,
chain-growth).

— Chirality and supramolecular polymers (“sergeant and soldiers” and “majority rules
experiments).

— H and J aggregates.

Supramolecular Chemistry based on metal (12h)

— Basics and tools.

— Self-assembling: helicates.

— Self-assembling: grids, ladders and racks.

— Self-assembling: molecular polygons and polyhedra.
— Catenanes, rotaxanes and molecular knots.

— Molecular machines.

— Supramolecular polymers.

Knowledge and expected skills

— Know and identify non-covalent interactions.

— Know main families of natural and synthetic receptors (including their synthetic ac-
cess).

— Apply various analytical methods for addressing the thermodynamics of host-guest
complexes.

— Know new concepts associated to the reactivity in confined spaces.

— Understand the supramolecular polymerization mechanisms (isodesmic, cooperative,
).

— Know the metal-directed strategies towards discrete and polymeric supramolecular
structures based on metals.

— Know interlocked, stimuli-responsive and dynamic systems.



Characterisations and organic photonics

Photophysics and photochemistry

Responsible : Matthieu Loumaigne

Teachers : Matthieu Loumaigne (Univ. Angers), Frédéric Paul (Univ. Rennes), Fabrice
Odobel (Univ. Nantes)

Objectives

This course aims at developing further the concepts seen in M1 on the fundamentals
and application of photophysics. The main objective is to give to chemist students a
training base for tackling theoretical models from scientific literature and understan-
ding the link between the chemical and electronic structure of a molecule and its optical
and photophysical properties. The main notions of photochemistry, photophysics (in-
cluding basics of nonlinear optics, of electron and energy transfer) and their application
to biological photosynthesis, and artificial photosynthesis will be taught.

Content

— Basic characteristics of light sources (intensity, spectrum, polarization, coherence, ...)
and basic physics principle of light emission (black body, spectral lamp, LED, laser, ...).
— Basic understanding of the physics principles of light-matter interaction (light scat-
tering and absorption).

— Reminders on the concepts seen in M1 of Jablonski diagram, quantum efficiency and
fluorescence lifetime.

— Measure and analysis of fluorescence decays (TCSPC method).

— Dynamic and static quenching of fluorescence (Stern-Volmer model).

— Introduction to solvatochromic effects and fluorescence anisotropy.

— Nonlinear polarisation of light: effects and applications.

— Engineering of Molecules for Second-Order Nonlinear Optics.

— Light-absorption and Electron-transfer: Marcus theory and «optical» electron-trans-
fer vs. photoinduced-electron transfer (PET).

— Introduction to mixed-valence complexes and molecular wires.

— Other applications of PET.

— Photoinduced energy transfer, theories of Férster and Dexter. Molecular examples
with systems applied to amplify light harvesting.

— Artificial photosynthesis, basic concepts, molecular and hybrid systems for the
conversion of sunlight into chemical potential.

Knowledge and expected skills

This course, mainly intended to synthetic chemists, aims to teach the principles of the
formation of excited states under UV-visible radiation. It should enable them to assess
the reactivity of excited states and their monomolecular (photophysical) evolution as
well as their transformations by bimolecular interactions. The students should be able,
in fine, to use the basic principles pertaining to interactions between light and mole-
cules, taught in this course, to usefully design molecular systems adapted to a given
task. This means:

— Mastering the representation and properties of photo-excited states, relaxation pro-
cesses and physico-chemical properties of excited states.

— Use of fluorescence and Stern-Volmer processing as well as notions of quantum
fluorescence yield to help decipher the mechanisms of electron or energy transfer. The
latter are related to the conservation theory of orbital symmetry.

— Mastering basic notions to design NLO-active (hyperpolarisable) molecules.

— Mastering the photoinduced electron-transfer and energy transfer phenomena, inclu-
ding Forster / Dexter type energy-transfers and some basics of Marcus theory related



to electron-transfer with a special emphasis to donor-acceptor systems.
— Knowledge on the different approaches to realize artificial photosynthesis and asso-
ciated processes.

> Experimental lab — 8h

— Basic optical experiments in order to illustrate the notion of polarization of light. Ap-
plication to polarized microscopy.

— Basic optical experiments on diffraction in order to illustrate the working principle of
spectrophotometer and monochromator.

— Measurement of the spectra of several light sources.

— Halide (CI-) quenching of quinine sulfate fluorescence.

— Fluorescence lifetime measurement and analysis.

— Bréve introduction a la microfluidique pour la manipulation des fluides in situ avant
leur caractérisation.

Techniques of spectroscopies and microscopies
Responsible : Régis Barillé
Teachers : Régis Barillé (Univ. Angers), Bernard Humbert (Univ. Nantes)

Objectives

The objective of this module is first to complete the knowledge of the student on the
microscopy techniques already approached in M1. Advanced microscopy techniques
such as X microscopy (STXM, tomography), and near field microscopy (AFM, STM,
SNOM) in the aim to acquire informations (dimensions, shape, composition, structu-
ring) at the nanometric scale will be discussed without going deeply into the physics of
these techniques, but simply as characterization tools for a student chemist. The goal
is to answer the question: What is the useful technique to get important informations
to know? With the same objective, Raman spectroscopy will be described as a tool for
characterizations and applications.

Content

> X and electron microscopy sciences

— Spectroscopies with electron microscopes : EELS et EDX

— Spectroscopy of X absorption in synchrotron : XANES et EXAFS
— Electron spectroscopy for surface characterization: XPS

> Near-field Microscopies

— AFM : contact mode (c-AFM), non-contact (nc-AFM), intermittent contact (t-AFM),
lateral forces (If-AFM), spécific interactions, force spectroscopy.

— SNOM: Optical near-field, operating principle, type of set-up, experimental set-up
— STM: topographic mode (I-V constant or constant tip-sample distance) and tun-
nel-effect spectroscopy (STS).

> Raman Spectroscopy

— Relation of molecular-structures - macroscopic phenomena (physical origin of the
refractive index, absorption, diffusion).

— Application of Raman spectroscopy in microscopy.

— Main sources of light (white source, LED, Laser diode) : materials and temporal and
spectral characteristics.

— Principles of Raman and Resonance Raman spectroscopy.

— Extension on non-linear spectroscopy (second harmonic generation, emission with
biphotonic absorption).



Knowledge and expected skills

— Be able to explain the fundamental differences between spectroscopic methods pre-
sented for the characterization of materials (XPS, XANES, EDX, EELS).

— Know how to choose the best characterization technique based on the sample
concerned.

— Know how to choose which microscopies for the best characterization of materials
and surfaces.

— Be able to use and interpret imaging results obtained with near-field microscopies.
— Be able to understand the relevance of scientific articles based on spectroscopic stu-
dies and near-field characterization of materials.

Light-matter interaction for biology
Responsible : Elena Ishow
Teachers : Elena Ishow (Univ. Nantes), Olivier Mongin (Univ. Rennes)

Objectives

Light has become a key tool in biology to image and study living matter, probe specific
locations in tissues and cells, and very recently trigger biological events. In a broader
sense, biophotonics, coupling light and life, can be regarded as a strongly interdiscipli-
nary topic at the interface of chemistry, biology and physics. Chemistry therefore plays
a major role to provide specifically designed chemicals as a function of the biological
issues to be addressed and the resorted detection optical setups, especially optical
microscopes. In this course, two main aspects will be interrogated. The first part will
be devoted to the stakes of optical bioimaging with respect to the current diagnostic
technologies and tackle the in vitro-in vivo continuum through the presentation of
appropriate luminescent molecules and nanomaterials. The challenge for deep light
penetration and high sensitivity in tissues will be addressed through the introduction
of more established (two-photon microscopy) or emerging (photoacoustics) techniques
and the targeted labels or probes thereof. The second part will rely on the photoac-
tivation of photophysical and chemical processes in a controlled and remote manner
to either induce damaged cell apoptosis (photodynamic therapy), or photoswitch the
activity of drugs, enzymes, cell attachment or ion transporters (photopharmacology).

Content

|. Optical bioimaging

1. Stakes

2. Design of luminescent labels and probes

— molecular agents,

— photoactive nanoparticles,

— probing the biological surroundings.

3. Two-photon microscopy for improved sensitivity
— fundamentals,

— optical setup,

— nonlinear optical labels.

4. Photoacoustic microscopy for improved depth detection
— principles,

— main endogenous and exogenous tracers.

I1. Photobiology

1. Photodynamic therapy

— principles,

— structural evolution of photosensitizers,
— in the clinics.



2. Photopharmacology

— structural requirements,

— drug photo-uncaging,

— photoswitches for structural and functional photoregulation.

Knowledge and expected skills

— The students can master the bases of optical bioimaging with regard to the main
detection technologies in terms of sensitivity, spatial resolution, and detection rate.
— The students can delineate the complexity and constraints of biological media and
propose the design of biocompatible emissive labels.

— The students can identify the main functional components of a photoactive label and
anticipate the most adequate bioimaging technique and responses.

— The students can propose photochemical or photophysical explanations to support
the observed phototriggered biological.

Previous Knowledge

Thorough knowledge of the fundamental concepts of organic chemistry (main functions
and reactivities, [J-conjugated structures, inductive and mesomeric effects), physical
chemistry (intermolecular forces, acido-basicity, photophysics) at the bachelor and
master 1 chemistry level.

Electrochemistry of modified surfaces

Responsible : Tony Breton

Teachers : Tony Breton (Univ. Angers), Christelle Gautier (Univ. Angers), Charles Cou-
gnon (Univ. Angers), Olivier Alevéque (Univ. Angers), Christine Lagrost (Univ. Rennes)

Objectives

The objective of this module is to train students in surface functionalization at the
nanometric scale and bring skills in the electrochemical characterization of surface and
divided nanomaterials.

Content

The different conductive surface modification methods will be presented and their stu-
dy will be detailed through practical work. The characterization of these nanomaterials
will be studied via electrochemical and coupled techniques (electrochemical microba-
lance, spectro-electrochemistry, electrochemical microscopy). Finally, applications in
catalysis, luminescence and energy storage will be the subject of case studies.

Knowledge and expected skills

— Know the different surface functionalization processes for massive and divided ma-
terials (nanoparticles, carbon nanotubes, graphene).

— Identify the variables allowing to play on the surface coverage, the interfacial activity
and the electroactivity of the materials.

— Know how to reason about the different parameters of a cyclic voltammogram (Epic,
Ipic ...) and distinguish the electrochemical rules usable for electroactive materials

— Calculate surface coverages via the study of voltammetric and gravimetric results.
— Know which characterization technique to use to obtain structural information by
exploiting simple spectra of advanced techniques.

— Understand the processes that govern electrocatalysis, luminescence or energy sto-
rage on nanoscale materials.



Materials and electronics

Molecular materials, hybrids, nanomaterials

Responsible : Narcis Avarvari

Teachers : Narcis Avarvari (Univ. Angers), Rémi Dessapt (Univ. Nantes), Lenaic Lartigue
(Univ. Nantes), Dominique Lorcy (Univ. Rennes), Jeanne Crassous (Univ. Rennes), Fa-
brice Pointillart (Univ. Rennes), Nicolas Zigon (TP, Univ. Angers), Flavia Pop (TP, Univ.
Angers), Héléne Brault (Univ. Nantes)

Objectives

This module aims at presenting the main families of functional hybrid organic-inorga-
nic materials and nanomaterials, commonly encountered in applications of condensed
matter physics (conducting and magnetic molecular materials), photonics (optical pro-
tection, surface plasmon resonance sensing) or in health, especially in nanomedicine
(diagnosis, therapy). A particular focus will be dedicated to the fabrication of hybrid
systems present in many areas thanks to the complementarity provided by the consti-
tuting organic and inorganic bricks. The main coupling methods of the complementary
entities will be developed together with the experimental techniques to characterize
the composition and structure of the hybrid architectures thus obtained.

Content

— 1. Conducting molecular materials:

Synthesis of molecular materials precursors: electroactive [O-conjugated organic and
or- ganometallic molecules (several examples of donor and acceptors: TTF;
bis(dithiolene) complexes of Ni, Pd, Pt, Au; TCNQ. Functionalization/introduction of
non-covalent inte- ractions: hydrogen, halogen, chalcogen. Intermolecular interactions
in the solid — Open shell molecules: - neutral radicals, stabilization, delocalization —
two-stage redox sys- tems (Wurster, Weitz) — overlap interactions in the solid —
mixed valence dimers — 1D materials — band structures — Peierls transition.

— 2. Magnetic molecular materials:

Introduction to fundamentals of magnetism of the transition metals. Magnetism of the
essential lanthanide ions for our society. Single-Molecule Magnets as potential materials
for high-density data storage applications.

— 3. Hybrid materials:

The concept hybrid, definitions and synthetic strategies (sol-gel, grafting, self-assembly,
intercalation, coordination)

Classification of hybrid organic-inorganic materials (classes 1 and 2). The main families
of amorphous and crystalline hybrid materials (organo-mineral polymers, functionalized
silica, coordination polymers (CPs or MOFs), hybrid polyoxometallates, halometallates,
phosphonates). Crystalline structure-properties relationship (luminescence, photo- and
electrochromism, ferroelectricity, multiferroics, semi-conductors).

— 4. Nanomaterials:

Definition, history, classification.

Mechanism of formation and stabilization of nanoparticles (thermodynamic and kinetic
aspects).

Synthesis of organic and inorganic nanoparticles. Properties (photophysics and plasmo-
nics).

Functionalization and bio-conjugation.

Nanomedicine (delivery of the active principle and outcome in the body).

Knowledge and expected skills
— Know the characteristics and properties of PCPs (or MOFs).
— Apprehend the chemistry and optical and redox properties of polyoxometallates.



— Recognize the different interactions (weak or strong) in a hybrid organic-inorganic
material.

— Synthesis of the main electroactive precursors.

— Analyze the band structures of molecular solids.

— Comprehend the basis of molecular magnetism of lanthanide complexes.

— Know how to define a synthetic strategy to prepare a nanoparticle system with spe-
cific properties

Organic electronics

Responsible : Philippe Blanchard

Teachers : Philippe Blanchard (Univ. Angers), Clément Cabanetos (Univ. Angers), Mu-
riel Hissler (Univ. Rennes), Fabrice Odobel (Univ. Nantes), Emmanuel Jacques (Univ.
Rennes), Laurent Fontaine (Univ. Le Mans), Sylvie Dabos (TP, Univ. Angers), Yann
Pellegrin (TP, Univ. Nantes), Factory visit : ARMOR

Objectives

Organic conducting and semiconducting materials based on O-conjugated systems or
organic/inorganic hybrid materials have become essential components in the field of
low-cost flexible electronics. They are used in three key technological areas with very
high industrial development potential: organic light-emitting diodes for lighting and
displays, organic field-effect transistors and photovoltaic cells. The main objectives
of this course are to: i) present these classes of organic and organic/inorganic hybrid
materials, their properties and their characterization methods, ii) establish structure /
property relationships and iii) describe the operating principle of electronic components
incorporating such materials as well as the laws that govern their efficiencies. The
physical methods used for the characterization of the performance of these devices will
also be introduced in order to give a global vision of their design, manufacturing and
evaluation. Although this course does not intend to dwell on synthesis of [-
conjugated systems, a specific attention will be paid to the chemical and
electrochemical synthesis of polymers for electronic organics as well as their
application in the fields of electro- chemical and optical sensors, transparent
conducting or electrochromic materials.

Content

> Introduction to O-conjugated systems for Organic Electronics

— Introduction on Organic Electronics.

— Electronic structures and properties of O-conjugated systems : From the doped state
(conducting) to the neutral state (semiconducting).

— Introduction or reminders to various electrochemical and spectroscopic techniques.

— Determination of HOMO (IP) and LUMO (EA) energy levels of organic materials and
construction of energy diagrams of electronic organic devices.

— Characterization of the molecular structure of thin-films.

> Conducting polymers

— Synthesis by electropolymerization and their characterization.

— Structure / property relationship analysis.

— Application to electrochemical and optical sensors, transparent conducting or electro-
chromic materials.

> Organic light-emitting diodes (OLEDs)

— Operating principle.

— Active materials and optimization (from fully organic materials to Perovskites and
quantum dots).

— Fabrication methods and characterization of OLEDs.

— Applications.



> Organic field-effect transistors (OFETSs)

— Operating principle.

— Active materials and optimization.

— Fabrication methods and characterization of OFETSs.
— Applications.

> Organic solar cells (OSCs)

— Introduction to the different photovoltaic technologies.

— Operating principle of OSCs.

— Active materials and optimization

— Fabrication methods and characterization of OSCs (theory and practical courses).

— Transfer on an industrial scale: visit of ARMOR®, world specialist in the chemistry of
inks and printing processes (near Nantes).

> Dye-sensitized solar cells (DSSCs)

— Operating principle

— The components of the DSSC and their optimization.

— Fabrication methods and characterization of DSSCs (theory and practical courses).

— Applications for Building Integrated Photovoltaics (BIPV), Dye-Sensitized Photoelectro-
synthetic Cells (DSPECs) and dye sensitized photocatalytic systems.

> Perovskite solar cells (PSCs)

— Operating principle

— Active materials and optimization

— Fabrication methods and characterization of PSCs
— Applications

> Polymers for Organic Electronics :

— Reminders on polymers and polymer chemistry: main synthetic approaches

— Methods of controlled/living polymerization leading to tailor-made polymers, random,
block and graft copolymers, functionalized polymers, etc., with predetermined structure
and architecture

— Applications: polymers for organic electronics

Knowledge and expected skills

— Establish relationships between molecular structures and properties in solution, in
the solid state and in the devices

— Characterize organic compounds endowed with electronic properties

— Work in a multidisciplinary team to produce and characterize electronic devices

— Integrate organic materials into lab scale electronic devices

— Guide technological choices

— Develop or improve tests and trials, manufacturing processes

— Perform measurements and analyzes, collect data, analyze and transmit them

— Know the principles of polymerization, the main families of polymers used for organic
electronics and their properties.



SEMESTER 4

STAGE
Responsible : David Canevet

The internships of Master 1 then of professional integration of Master 2 did not
have the same expectations. The first is intended as an internship to discover the
professional environment while the second corresponds to a specialization and to a
pre-professionalization (towards research or industry). They are all validated not only
from an internship thesis accompanied by an oral defense in front of a jury but also by
the evaluation of the supervisor.

In Master 2, a professional integration internship of at least 20 weeks, a real
springboard to employment or a thesis, is to be completed during semester 4. This
internship is carried out either in a research laboratory or in a company. In the first
case, it preferably takes place in one of the specialty’s reception laboratories. It can
also be carried out abroad, for example in an academic laboratory partner of a host
laboratory, after mutual agreement. In the case of internships in companies, the place
and subject of the internship, which is sought by the student, are previously validated
by the persons responsible for the Master. These internships are assessed on the basis
of a written report, the oral defense of the work and a note from the internship direc-
tor. The evaluation jury is made up of a university tutor, a university rapporteur and
the person responsible for the day-to-day follow-up of the intern in the host structure
(company or university).
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OK.12|Nanomatériaux fonctionnels 3| 1 3.0 90 30 20 0 0| O 0| 10, 60 0
OK.13 Présentation des résultats de la recherche 4 1 40| 120 40 0 0 0| 0 0| 40 80 0
OK.14 Pratique pédagogique 3 1 70| 210 0 0 0 0| O 0o O 0| 210
0K 15 Formation a I’emplm dans le domaine de la 2 1 50l 150 o0 0 0 ol o ol o ol 150
recherche et du développement
OK.16 Pratique avant I'obtention du diplome 4 1 70| 210 0 0 0 0| O 0o O 0| 210
OK.17|Mémoire de Master 4 1 |18.0| 540 0 0 0 0| O 0o O 0| 540
Aspects chimigues de la création de 1| o 2 0lolo|o|60| 18] 60| 40| o o o | o] 20 120 o0
nouveaux matériaux (1% semestre)
IAspects chimiques de la création de
OK.10 nouveaux matériaux (2¢™ semestre) 2 ! 3.0 0| 30 20 0 01 0 0) 100 60 0
IAspects chlmlgu_es de Ig création de 3 1 30 90 30 20 0 ol o ol 100 60 0
nouveaux matériaux (3¢™ semestre)
OK.18|Examen de qualification globale en chimie |4 1100 0 0 0 0 0| O 0o O 0 0
Méthodes de détermination de la structure des
composés chimiques et des matériaux 4 140400010190} 270 90 30 0 01 0 0| 60 1801 0
Méthodes de détermination de la structure
OK.08 [des composés chimiques et des matériaux |1 1 30| 90| 30 101 0 0| 0 0| 20 60 0
(1% semestre).
Méthodes de détermination de la structure
des composés chimiques et des matériaux 2] 1 6.0 180] 60 20 0 0| O 0| 40 120, O
(28™ semestre).
Total 6 90 (0|3 | 2 |90.0/2700| 530| 259 0| 42/ 0 10/ 219| 1060 | 1110




2. Modules Optionnels
2.1 Choix des Blocs

Blocs des disciplines **Chimie analytique™

contrdle semestriel et final Heures
g 8|z Heures d’enseignement %- 8
Code Matiére § g 2|2 é - g% % % g Contréle semestriel et final g% %
& § g’_ § g g E’_‘% 2 2 P |Heures/ = é E% 2
&8 £ %_E % o semestre § el e ég % E %’_g §

1 2 3lals5] 6 |7 Qs 9| 10 11 12 13 |14| 15| 16 j7 18 - 19| 20
IBB.1.01 |Chimie analytique de I'environnement 2 40| 120 40| 30/10f 0|0 |O 0 80| O
Bb.1.02 [ 1ude e la complexation par des méthodes 2 50| 150, 50| 30f200 0|0 |0| 0| 100 0
IB5.1.03 [Systémes microanalytiques et capteurs 2 3.0 90| 30| 30|0| O0f0O|O 0| 60| 0O
B5.1.04 [Méthodes modernes de préparation des échantillons | 2 | | 1 3.0 90| 30| 20|0| OO0 |O| 10/, 60| O
B5.1.05 (Chimie bioanalytique 3 40| 120 40| 3010, 0|0 |O 0f 80| 0
BB.1.06 [Méthodes d'analyses cinétique et enzymatique 311 3.0 90| 30| 20(10f 0|0 |O 0 60| O
BB.1.07 [Méthodes d'analyses chromatographiques modernes | 3 50| 150/ 50| 3020 0|0 |0 0| 100] O
B5.1.08 |Analyse pharmaceutique 3 3.0 90| 30| 15|0| 15/ 0 |0 0| 60| 0O

Total 3|1 0 (0] O |0|30.0f 900 300| 205(70f 15/ 0 | O | 10| 600 O
Bloc de disciplines "*Chimie de I'environnement"*

1 2 3 5 [6|7(8[9| 10 11 12 13| 14| 15[16| 17| 18 19 | 20
BE.2.01 [Sécurité environnementale des objets naturels 2 30/ 90 130 |30 /ololololo |60 |0
BE.2.02 {\éléﬁ;egg::‘éjsees produits chimiques dans les conditions de la ) 30| 90 30 130 lolololol o 60 |0
BBE.2.03 [Bases inorganiques de la chimie verte 2 1 3.0 | 90 30 |30 /0/0olo]| o 60 | 0
BB.2.04 [Chimie des sols 2 6.0180 | 60 |30 (0|0 |0{0O |30 |120 | O
BB.2.05 [Gestion et audit environnementaux 3 6.0/180 | 60 |30 |olo lolo|30 |120 | 0O
BE.2.06 [Ecotoxicologie des éléments chimiques 3 1 3.0 | 90 30 |30 /0/0olo]| o 60 | 0
BE.2.07 [Méthodes modernes de recherche sur les objets naturels 3 3.0 90 30 |15 |00 [olo |15 | 60 0
BB.2.08 |Aspects chimiques du traitement des déchets 3 3.0 90 30 |30 |0/0 0l0o] O 60 | 0O

Total 2 0POP30.0| 900 | 300 |225 0|0 |0(0 |75 |600 |0
Bloc de disciplines "*Chimie inorganique™

1 2 3|4 6(7|8]9| 10 11 12 13| 14 [15]16| 17| 18 19 | 20
BB.3.01 [Sections sélectionnées de la chimie inorganique 2 3.0 90| 30 24| 0(0|0|0]| 6 60| O
BE.3.02 [Problemes modernes de la chimie inorganique 2|1 3.0 90 30 30| 0(0j0|0| O 60| 0
BB.3.03 |Chimie des matériaux fonctionnels 2|1 3.0 90 30 15| 15/0(0(0| O 60| O
BB.3.04 |RMN en chimie inorganique 2|1 6.0 180 60 30 0/0(0|0| 30| 120| O
BB.3.05 |Spectroscopie de luminescence et magnétochimie 3|11 6.0 180| 60 30| 0(0|0|0| 30| 120| O
B5.3.06 [Complexes métalliques dans les technologies modernes 31 3.0 90 30 30| 0({0|0|0O] O 60| O
BB.3.07 [Principes fondamentaux de la chimie physique et inorganique | 3 3.0 90| 30 30| 0({0|0|0O] O 60| O
BE.3.08 chgfgfﬁ;'tslgﬂ‘fjsimzrggrf;gjjscomposes inorganiques de | 5 | 30| 90| 30| 20| o|o|o|o| 10| 60| O

Total 6 0(0|0{0{30.0f 900 300 209| 15/0(0|0| 76| 600 O




Bloc de disciplines "*Chimie organique™

1 2 3|4 9| 10 11 12 13 | 14| 15|16| 17| 18 19| 20
Bb.4.01 |Méthodologie de la synthése organique 2|1 6.0 180| 60 30{0| 30{0|0| O] 120f O
BB.4.02 |Synthese de systémes cycliques enrichis 2|1 3.0 90 30 30{0| O0|0|0|O 60| O
Bb.4.03 [Synthese et identification de composés hétérocycliques| 2 | 1 3.0 90 30 30{0| 0O|0|0|O 60| O
BB.4.04 |Chimie médicinale moderne 2 3.0 90 30 30({0| 0j0|0]O 60| O
BE.4.05 Approches sélectionnées pour la synthese de composés 301 60! 180 60 151451 ololol ol 120 o

organiques
BB.4.06 |Chimie des hétéroatomes 3|1 3.0 90| 30 30 0|0|0| 0 60| O
BB.4.07 |Neurochimie 3|1 3.0 90| 30 30|0| 0(0|0]|O0 60| O
BB.4.08 [Processus synchrones 3 3.0 90 30 30{0| O0|0|0|O 60| O
Total 6 0/30.0/ 900| 300| 225|45| 30|0|0| 0| 600 O
Bloc de disciplines "*Chimie physique**

1 2 3|4 9| 10 11 12 13 | 14|15 |16] 17| 18 19| 20
BB.5.01 |Adsorption et forces de surface 2|1 40| 120) 40 20 |20/ 0|0| O] O 80| O
BB.5.02 [Magnétochimie 2 3.0 90| 30 30 (0] 0|0j0] O 60| O
BB.5.03 [Physico-chimie des sorbants de carbone 2|1 40| 120) 40 20 |20/ 0|0| O] O 80| O
BB.5.04 |Chimie physique des phénoménes interfaciaux 2|1 40| 120f 40 36 |4(0(0]{0|O0 80| O
BB.5.05 |Chimie biophysique 3|11 5.0| 150{ 50 24 126/ 0(0| 0| O| 100 O
BB.5.06 [Certaines sections de la chimie théorique 3 40| 120f 40 40 (0] 0|0j 0] O 80| O
BB.5.07 [Recherche et analyse de la structure cristalline 31 3.0 90| 30 20 |10/ 0|0| O] O 60| O
BE.5.08 (l:\lazigl(;ss);stémes pour la détection. I'adsorption et la 301 3.0 90 30 24 |6l ololol o 60! 0

Total 6 0130.0{ 900| 300| 214 (86| 00| 0| O| 600] O
Bloc de disciplines ""Analyse chimique et gestion d'un laboratoire d'analyse"

1 2 3|4ls|e|7]8|9]| 10 11 12 | 13 | 14| 15|16| 17| 18 19 | 20
BB.6.01 [Chromatographie liquide haute performance 2|1 50| 150/ 50|20 |30 0(0| O O] 100| O
BB.6.02 [Controle de la qualité des médicaments 2|1 3.0 90| 30 |15|0| 15|01 O O 60 | O
BB.6.03 [Controle de la qualité des aliments 2 40| 120 40|40 (0| 0|0 O O 80| 0
B5.6.04 |Gestion de la qualité des analyses 2|1 3.0 90| 30|30 |0| Oj0|l O O 60 | O
BB.6.05 |Analyse des substances narcotiques 3|1 3.0 90| 301|200 0|0l O 10, 60| O
BB.6.06 [Chimie analytique des écotoxiques et des 3|1 6.0 180 60|30 (30| 00| 04 O] 120| O

Chfomatographie en phase gazeuse et
BB.6.07 electrophorése capillaire 3 3.0 90| 30|20 (10, 00| O O 60 | O
BE.6.08 |[Développement et validation de méthodes 3 3.0 90| 30130 /0] olol o o 60| 0O
analvdicnine
Total 5(/3/0(0(0|0|30.0f 900| 300|205|70| 15(0| O 10| 600| O




Bloc de disciplines "*Chimie macromoléculaire »

1 2 3| 4|5 ]6]7[89] 10 1 12 13 |14| 15[16|17| 18 19 | 20
Recherche en chimie quantique dans le domaine de la
BBE.7.01 [chimie des polyméres 2 1 3.0 90 30 200 0(0]0 10 60| 0
BB.7.02 [Matériaux polyméres a usage médical 211 40| 120 40 30|10 0|0]|O 10 80| 0
BE.7.03 [Phénoménes de relaxation dans les polymeéres 2 1 40| 120 40 300! 0l0/0 10 80| 0O
BE.7.04 [Transformations chimiques dans les polymeéres 2 40| 120 40 3010 0l0/0 10 80| 0O
BE.7.05 |Analyse de la structure de phase des polyméres 3 40| 120 40 3010 0l0]0 10 80| 0O
Gels de polyméres et caractéristiques des solutions de
BE.7.06 olyméres 311 40| 120 40 30|10 0|0]|O 10 80| 0
BB.7.07 [Composites polyméres a usage spécifique 3 1 40| 120 40 30 (0| 0|0|O 10 80| 0
Bb.7.08 Physique des polyméres 3 3.0 90 30 30 (0| 0|0|O 0 60| 0
Total 5| 3|0 0|0[0|30.0] 900| 300 | 230(0| 0|0|O 70| 600| O
Bloc de disciplines "*Chimie des composés naturels™
1 2 314 51 6 [7(8[9] 10 11 12 13 14 15( 16 17 18 19 20
BE.8.01}Aspects thématiques de la chimie médicinale 2 1 30! 90| 30 30 0ol o 0 60 0
BE.8.02 [Biohétérocycles naturels et synthétiques 211 3.0 90| 30 30 ol o 0 60 0
BE.8.03[Chimie moderne des composés naturels 211 6.0/ 180! 60 30 ol ol o ol 30| 120 0
BE.8.04 [Chimie des lipides et des processus membranaires | 2 | 1 3.0 90| 30 30| 0| ol o0 ol o 60 0
BE.8.05Chimie bioorganique 3|11 6.0 180, 60 30| 15| 0| O 0| 15 120 O
Bb.8.06Acides nucléiques. Génomique 3 1 3.0 90| 30 30| 0] 0| O 0| O 60 0
BE.8.07 |Composés organométalliques naturels 3] 1 3.0 90 30 30 ol ol o0 ol 0 60 0
Bb.8.08|Chimie des médicaments 311 3.0 90| 30 30| 0] 0| O 0| O 60 0
Total 6| 2|0 (0|0[0|30.0] 900| 300| 240| 15/ 0| O 0| 45/ 600 O
Bilan
1 2 3 4 5 |6|7(8[9| 10 11 12 13] 14 ; 16 | 17| 18 19 20
Total pour le programme d'études 11| 1210|0(3|2|120.0| 3600 | 830 | 464 |70|57| 0 |10[229 1660 1110
Comprenant :
Disciplines obligatoires 6| 9 (0103[2/90.0| 2700 |530(259({0 (42| 0| 10 [219| 1060, 1110

Bloc optionnel au libre choix de I'étudiant 5| 31010010130.0/ 900 [300(205!/70/15/ 0| O 10! 600 0




3. Formation pratique

Codes  [Nom de la pratique (indiquer - éducative/industrielle. avec ou sans interruption | £ Durée
pratiques . . @ - -
de la formation theorlque) 1= Semaines jours (pour la formation
o) | .
1) en cours d'emploi)
OK.14 |Pratique pédagogique 0 30
OK.15 |Formation pour I’'emploi dans le domaine de la recherche et du développement 0 19
OK.16 [Pratique pré-graduation 4l 0 10
Total 0 59.0
Code Forme et intitulé de I'évaluation finale Semestre
OK.17 Mémoire de Maitrise 4
OK.I8 Examen de qualification globale en chimie 4
Tableau récapitulatif
Répartition par semestre 1(2 3| 4| 5 6 7 8 9 10 11 12 Total
Nombre de semaines de cours théoriques 15 19 15 10 59
Nombre d'heures de cours théorigues 280|270(240| 40 830
Nombre moyen d'heures de cours par semaine 18 14 16 4 52
Nombre de crédits ECTs 28 32| 31| 29 120
Nombre d'examens 3| 4| 4| 0 11
Nombre de tests 5/ 3| 3| 1 12
Nombre de travaux de fin d'études 0/ 0o 0| O 0
Pratiques pédagogiques et industrielles 0| 1| 1| 1 3
Certification finale 0| 0| 0| 2 2

Conditions d'obtention d'une qualification professionnelle :

Sous réserve de la sélection d'un bloc de disciplines spécialisées dans le programme d'études, de I'obtention d'une
note d'au moins 75 points lors de la certification finale (examen de qualification globale) et de la soutenance d'un
mémoire de master avec une note d'au moins 75 points, une décision distincte de la commission d'examen attribue
le titre professionnel de chimiste.

Sous réserve de la sélection d'un bloc de disciplines spécialisées dans le programme d'études et de I'obtention du
diplome, le programme d'études se compose des éléments suivants :

conformément aux : Norme de I'enseignement supérieur de I'Ukraine dans la spécialité 102 Chimie du deuxiéme
niveau (master) de I'enseignement supérieur

conformément aux : exigences de la norme de la faculté de chimie

Approuvé lors de la réunion du Conseil académique Procés-verbal

Doyen de la Faculté (Directeur de I'Institut)

Tarnepaceiss ia wcinandi Bacnol pasn Ximiunaro aKyRLTETY .
T 8 4 ik 11} 41l
Mporoxon Ne 7= sia i LT o 20 poxy Accepte

i} ]

4' 5 r 1 i 1 - -
Jexan paxyasrery (npextop imeTuryry) T A0aian BOJOBEHKD (11K}

CNG pour l'organisation du processus éducatif




"Sarpepmayic’ Ocartaili pscitk Manerp
Ocmrug kpamdneans Manerp i

Tipodectiing kKratIfnkais (3a RAABROCTI)

ik Moo uaykonnii cmppodiTiik (ximia) Birkianas sasim sl

Bulp Gaokamu

Boaommuip BYIPOB 1} Ananimiana xisix (ceandy. Xomix. Monoamnit nayxositth CHBpOGITIIE (

2) Exodtorana sivi (kpand Xk Motoumii faykosi cmBpoGITHIIK (

3) Heopranina s (ksand. Xnne Moaozmmii naykosHii cEpoSITIITK

20 P
4) Opramasa xins (kpanip. Xk Moroamuii naykornit cispobITINK (%
5) Dizrna xivia (kpand) Xovix Motomuonit naykogi CIMAPOHITIMEK (XM
) Xl anans | MeHeTRMHT aHanTIEHOl 1aboparopi {kRam Nivn
7} Xinia BHCOKoMOICKY PRI cnouyk (kpamd Xinix Moroamih nayeoe
(’ R) Ximia dpHpony cnomye (kamd Komie Mosoanmmii naykogitii cnispou
Tepuin HABTAHESA - 1 pik 9 micsiinp
Ha Gam cryvnena Gakaragp
MIHICTEPCTBO OCBITH | HayKH ¥ KPalHK
KiriscsKiii nanionansunit ynisepenrer imeni Tapaca [lles4enka
HABUYAJALHHH ILTAH
[ArOTOBKH 3300yBAYIB BHILOT OCBITH >
3 ramy3i 3HaHb 10 MpupoaHmti HaykH
32 CNELATBHICTIO 102 Ximin
33 MporpaMoio Ximis
aenna hopma HaBHANHA
I [padix HagyansHOro npouecy 11 3BeacHi aaH! no
BIKOPMCTAHHIO 920V
Bepeceiti Howreun Jluctonan pyaeus Ciaens Jhorruii beperein Keitenn Tpancus Yepren: Jimens Cepnetie % é é
8
%J_ » ” » o B 0 e} » il = E|BE
> 3 a1 1 ] m v Vi vi g HHE
4 1 i 15 5 ‘ 1 m 3 3 1o " b 1 g stz o] s |2le] 2 o 16 ' ] ¢ s o " " " 0 i 4 n " i P Y TS 3 Y I T T I I A L el & B
7 1 7 % [+ W » xa 9 1 B 0 7 w |a|w| fa]a]s] 8 [ 1 n n 5 1" 2 » o 2 1 % ¥ 0 " b2 3 1 I e LT R B AL KA R B R ;’& 2
' 2 3 4 < 5 7 ’ ¥ 1 n ” [ [ s [ olufe|n]a] = n n 2 * n ) = » 51 » 0 H 1 “ Bl \: W w |l a|s|a]alelal wjals]s
' Al T T T ] T T T T T X [} T HE T T [:]:]:[K|K|K|B/T|BT|T/B|T/B ™| B | /B | /B | T/B | T/B | T/B T8 | /B | T/B | T/B | T/B| T/B| T/B B IR K| K] K[ K] K|K[K]32{sjo]0f2}0] 12 =
I BB T/B|TB[1T/B[T/B|T/B|T/B|T/B e |TB| BB B[ T/B] || KKK I Al ol o) oo [Tva) Tiva T/l Tivg | TIva ) TV Trva| Tova ) TIVA | TIVA ¢ 1 ! as|4|2|ofofs|3j
Pazom s1lwof 2| ofz] s[5
[Mpusurxa Teopeririiie ROBYAINA EEmnmlmuum ceci Hapaans i NpakTikil Bupoﬁuu-u NPaKTHKH mﬂumu.\uu pobotin mﬂmcyumm
arecrami




II1. [Tnan HapyaABLHOTO NpoNECY

Topunn
CemectpoBHi Ta
MJICYMKOBHIT KOHTPOJIL HaguanbHi 3aHaTTA - E
Mudp e - . : % %
e HA3BA JIMCLIATUIIHM g sk E |5| 8 g g e = | Bk
AHCUMILIIH | b " E E B £ o 2 z (I :E = E
NPaKTHK o Elz|E8gEge| = 2 g Ele El = B E &
1] 212 92 8 = o 5 a | = =45 | Z G =
HA B Sl " |Eg|eET Bl B ° |8
e B |E E E| =g % =
1. O00B'A3K0R] HABYANBHI THCUHIITIHH
OK.01  [Merozooris Ta opraHisauis HayKOBHX JIOC/IKEHb 3 OCHOBAMH IHTENEKTY4| 1 1 301 90 [ 30 14]0]14(0]2] 0 60 0
OK.02 Meronuka BuKiiaaHHs XiMii y 3akjiafiax BULIOT OCBITH 1 1 3,0 90 30140010 21| 14 60 0
OK.03 [TTeparorika BHIIOI INKOTH Ta TIEJaroriuHa MaficTepHICTh BHKIAna4a 1 ! 30| 90 [ 30| 14| 0[14]/0] 2] O 60 0
OK.04 |Ilpodeciiina Ta KopriopaTHBHA eTHKA 1 il 30 90 | 30| 14]0([14]012] 0 60 0
OK.05 CratucTHyHi Ta KOMOIHATOPHI METOAHM B XiMii 1 1 40| 120 | 40 | 15| 0| Of0O] O 25 80 0
OK.06 |CynpamMosexynapHa Ximis 1 l 50| 150 | 50 ] 20| 0[0[0] O] 30] 100 0
OK.07 XiMI4HI OCHOBH JKHUTTSA 1 1 40| 1201 40300 0)0] 0] 10 80 0
OK.09 ITcuxonoria BULLOT LIKOJIH 2 1 301 90 301 28(0([01(0) 2 0 60 0
OK.11 Hanoximis 1 HAaHOTEXHOJOTIA 3 1 3.0 90 302010 (010] 0] 10 60 0
OK.12  |DyHKUIOHANLHI HAHOMATEPIiaIH 3 | 3,0 90 3020101 010] 0] 10 60 0
OK.13  [ITpe3eHTauis pe3yabTaTiB HAYKOBUX JOCIIIKEHb 4 | 40 1201 40| 0 | 0| 0]0) 0] 40| 80 0
OK.14  |AcHcTeHTCbKa MpaKTHKa 3 1 70210 0] 0]0]0]J0]0O] O 0 [ 210
OK.15 |HayxoBo-gocninHa nipaktuka 6e3 BiIpHBY Bil TEOPETHYHOTO HaBYAHHA 2 1 5,0 150 | 0 0 |0]0]0]0] O 0 150
OK.16  [[lepenaMmioMHa NpakTHKa 4 1 70210 0 0 ]0]0]0[0] O 0 210
OK.17  |Kpanigikauiiina pobora mMaricTpa <} 118,01 540 | 0 0O (0fO0Of0O[0O] O 0 540
OK.10 | Ximi4Hi aclleKTH CTBOPEHHs HOBITHIX MaTepianie (Bcboro) 0(2(0[0|0f0]|6,0] 18 | 60| 40| 0] 00| 0| 20 | 120 0
XiMIYHi acreKkTH CTBOPEHHS HOBITHIX MarepianiB (2-if cemMectp) 2 1 30| 90 | 30 (20| 0] 0]0| 0] 10| 60 0
XiMiuHI acrekTH CTBOPEeHHS HOBITHIX MaTepianis (3-it cemectp) 3 1 30| 90 | 30 ({20 0] 0|0 0] 10| 60 0
OK.18 |Komrmuekcunit kpanidikauiiinmit icnut 3a cniewiansHicTro " Ximig" 4 1100 0O 0 0 |0]0]J0]0O] O 0 0
OK.08 |Meroau BcTaHOBEHHS CTPYKTYPH XIMIYHUX CMIOIYK Ta MaTepialiiB (BChOro) 1| 1[{0/0[0]/0]90[270| 9030 [ 0]0]0]0]60] 180 | O
MeTon BCTaHOBJIEHHSA CTPYKTYPH XIMIYHUX CIOJTyK Ta MaTepianis (1-ii cem 1 1 30 90 [ 30 10| 0] 0]|0] 0] 20| 60 0
Metoau BCTaHOBNEHHs CTPYKTYPH XIMIYHHX CMOJTYK Ta MaTepialtiB (2-if cem 2 1 60| 180 | 60 | 20 | O] 0 (0] 0] 40 | 120 0
Bceboro 619]|0[0]3]2[90,0]12700]530(259]| 0 |42]|0]10)219|1060] 1110




3. JlMcuMIIiHH BUTBHOTO BUOOPY CTYIEHTA
3.1 Bubip 6nokamu
Brnox aucuuniid "AHaniTHYHA XiMig"

BB.1.01 |AnaniTHYHA XiMif HAaBKOJHIIHBOTO CEPENOBULIA 2 | 401 120 | 40 | 30 (10l O (O[O O 80 0
BB.1.02 |JocimKkeHHs KOMNIEKCOYTBOPEHHS CyYacHUMH METOJ1aMH 2 1 500 150 | 50| 30 {20( 0|0l 0| O | 100 0
BE5.1.03 |MikpoaHaliTH4Hi CHCTEMH i CEHCOPH 2 | 30 9 | 30{30]0]0]J0]0] O 60 0
BE.1.04 |CyuacHi MeToad MpoOoniroTORKH 2 3.0 90 | 302000 |0|0]| 10] 60 0
BB.1.05 |bioaHanmiTHuHa XiMis 3 1 401] 120 | 40 | 30 [10[ O |O] O] O 80 0
BE.1.06 |KigeTHuHi i GepMeHTaTHBHI METOAN aHAIIIZY 3 30 9 | 30|20 |10/0]0]0O| O 60 0
BE.1.07 |CyuacHi xpoMatorpadidHi MeTOIM aHai3y 3 l 50| 150 | 50 | 30 [20] 0]JO[ O] O 100 0
Bb.1.08 |DapmauesTHuHuIT aHaTi3 3 30 90 |30 15| 0]I5[0[0] O 60 0
Bersoro 5 30,0| 900 [300]|205|70(15[0| O | 10 | 600 0
Brnok nucumnnild "EkonoriyHa ximig"
BE.2.01 |Exomoriuxa Ge3neka NpHPOIHHX 00'eKTiB 2 1 301 9 |30(30]0]0(0]0] O 60 0
B5.2.02 |Mirpaitis XxiMiYHUX PEYOBHH B YMOBaxX TEXHOTE€HE3Y 2 1 30 9 | 30|30]|0[0]0]0]| O 60 0
BB.2.03 |Heopraniuni ocHOBH 3e1eHOT XiMii 2 30| 90 |30 (30| 0]0(0]0] O 60 0
BE.2.04 |Ximis rpyHTIB 2 1 6,0 180 | 60 [ 30| 0| 0 |0] O] 30 ] 120 0
BE.2.05 |Exonoriudmii MEHEIKMEHT Ta ayIUT 3 1 6,0 180 | 60 [ 30| 0| 00| 0] 30| 120 0
BE.2.06 |EKOTOKCHKOJIOTiA XIMIYHHMX eJIeMEHTIB 3 30 9 | 30|30]0[0|0]0] 0 60 0
BE.2.07 |CyuacHi MeTOIH 1OCIIKeHHS IPUPOJHHX 00'eKTIB 3 1 301 90 | 30| 15| 0| 0|0] 0] 15] 60 0
BE.2.08 |[Ximiuni acnekth nepepoOKH BiIXOMiB 3 1 30| 90 |30 [30]0]|0|0]0] 0 60 0
Beboro 6 30,00 900 | 300(225[ 0] 0|0 0] 75| 600 0
Brnox aucuunnin "Heopraniyna ximis"
BBE.3.01 |BuOpa#ni po3niny HeopraHiuHOi Ximii 2 30 90 | 30| 24]0[0|0]0]| 6 60 0
BE.3.02 |CyuacHi npo6ieMH HeopraHiuHoi Ximil 2 1 30| 90 |30 [30]0]0(0[O0[ O 60 0
BB.3.03 |Ximis QyHKIIOHATEHHX MaTepianis 2 ] 30 9 | 30| 15|15(0]0[0]| 0 | 60 0
Bb.3.04 [AMP B HeopraHiuHiii XiMii 2 1 6,0 180 | 60 | 30| 0| 0 |[0O] O] 30| 120 0
BB.3.05 |JlloMiHECUEHTHA CIIEKTPOCKOMNIA Ta MAarHETOXIMis 3 1 6,0 180 | 60 | 30 | 0|0 |0O]| O] 30| 120 0
BE.3.06 |MeTanokoMIieKCH B Cy4aCHHX TEXHOJIOTIAX 3 1 30| 9 | 30]30|0[0]0[]0] O 60 0
BB.3.07 |OcHoBu ¢i3uko-HeopraHigHoi Ximii 3 30 9 | 30]30|]0[0f0]0] O 60 0
BB.3.08 |Oco01MBOCTI CHHTE3Y HEOPraHIYHHX CIONYK g 1 30| 90 | 30)20)0]0f{0]0]10] 60 0
Beboro 6 30,0] 900 [300|209|15| 0 |0 0| 76 | 600 0




bnok pucunnmin "OpradiuHa Ximis"

Bb.4.01 |Metomosorist OpraHitHOTO CHHTE3Y 2 6,0 180 | 60| 30 | 030|000 0 120 0
BE.4.02 |Cunres sp*-30arayeHHX LHKIIMHUX CHCTEM 2 3.0 90 301301 0(0]0|0 0 60 0
Bb.4.03 |Cunres Ta ineHTH}IKALIL reTepOLMKIIMHIX CTIOTYK 2 30 9 [3030]0]0]0[0] 0 60 0
BB5.4.04 |CyvacHa MegHyHa XiMis 2 30 9 [30]30]0]0)0[0] 0 60 0
Bb5.4.05 |Bubpani niaxoau 10 CUHTE3y OpraHiyHHX CIOMYK 3 6,0 | 180 | 60 | 15|45 0 |0[ 0] O 120 0
Bb.4.06 |[erepoaromua Ximist 3 3.0 90 30({30|0(0]J0[0] O 60 0
Bb.4.07 |Heiipoximis 3 30 9 |30 |30]0[0]0[0] O 60 0
B5.4.08 |CunxpoHH] NpoLecH 3 30 9 |30 |30]0[0)0[0] O 60 0
Beworo 30,0] 900 | 300|225|45|30{0] 0| O 600 0
Briok gucuumiid "®iznuHa ximig"
BE.5.01 |[Ancopbuis | mOBEpXHEBI CHIH 2 40| 120 | 40 | 20 [20) 0 |0] O] O 80 0
BB.5.02 |Marueroximis 2 300 90 | 30[30]0]0]0j0O]| O 60 0
BE.5.03 |®i3zuyna xiMist ByrieleBHx copOeHTiB 2 401 120 | 40 | 20 [20] 0 [0OJ O | O 80 0
BB.5.04 |®izuyna xiMis Mixk{azHHX ABUILIL 2 40| 120 [ 40 [ 36 [ 4] 0]0JO0O[ O 80 0
BBE.5.05 |Biodi3uuna ximis 8 501 150 | 50 [ 24 |26] 0]|0[ 0| 0 | 100 0
BE.5.06 |Bubpai po3nini TeopeTHUHOT XiMii 3 40| 120 | 40 | 40 | 0| 0 [|0] 0] O 80 0
BE.5.07 |HocnimskeHHs Ta aHani3 KpucTanidyHoi Oy10BH 3 30 90 | 30 (20 |10]0f0[0O[ O 60 0
BE.5.08 |HanocucTtemu B ceHcopuui, ancopOIii Ta karanisi 3 30 90 |30 (24| 6|0(0[0[ O 60 0
Beworo 30,00 900 [300]|214[86| 0 [0 O | O | 600 0
Brok aucumnnin "XiMiunuil aHanis i MeHeIUKMeHT aHaniTuyHol nabopatopii”
BE.6.01 |BucoxoepekTnHa pinnHHa XpoMarorpadis 2 50| 150 | 50 [ 20 |30] 0 |O[ O O | 100 0
BE.6.02 |KouTpons sikocTi ikapchKHX 3ac00iB 2 30 90 |30 [ 15]0(15/0[0[ O 60 0
BE.6.03 |KoHTpouib siKOCTI XapuOBHX MPOJIYKTIB 2 40| 120 | 40 | 40 | 0| 0 ]0] O] O 80 0
BE.6.04 |YnpasniHusa AKICTIO aHANI3Y 2 30 9 |30 [30]0]0|0[0[ O 60 0
BE.6.05 |Anani3 HApKOTHYHHUX PEYOBHH 3 30 90 | 3020 0] 0|0[ 0] 10| 60 0
BE.6.06 |AnaniTHuHa XiMif eko- Ta OIOTOKCHKAHTIB 3 6,0 180 | 60 | 30 [30| 0 |0O[ O] O 120 0
BB.6.07 |Kaninapua razosa xpomatorpadis Ta KaminapHui enexrpodopes 3 30( 9 |[30]20(l0j0f0OjO[ O 60 0
BB.6.08 |Po3po6ka i Banifalis MeTOIHK aHANI3y 3 30 9 [30]|30[0]0fj0j0[ 0 60 0
Beboro 30,0 900 | 300|205]|70|15|0[ 0 | 10 | 600 0




brok aucummiin " XiMist BHCOKOMOJIEKYIsSPHUX CTTOJTYK'

BE.7.01 |KpauToBO-XiMIuHI JOCHIIKEHHS B MOJIMEpHIH XiMii 2 1 301 90 {30200 0f0f 0] 10| 60 0
BE.7.02 |[TonimMepui MaTepianu MeInuHOro NpH3HAYEHHS 2 1 40| 120 | 40 [ 30| 0| O |0O[ O] 10| 80 0
BE.7.03 |Penakcauiiini sBuiia B nojimepax 2 | 40| 120 |40 [ 30| 0] 0|O0O[0Of 10| 8 0
BbE.7.04 |XimiuHi nepeTBOpeHH: B MOJIiMepax 2 | 40| 120 | 40 [ 30| 0| O O[O ]| 10| 80 0
BE.7.05 |Amnainis (a3zoB0i CTPYKTYpH NONIMEpiB 3 1 40| 120 40| 30| 0] 0f0[ 0] 10| 80 0
BB.7.06 |[TonimepHi resii Ta 0coGiInBOCTI pO3YHHIB MOJIIMEpIB 3 1 40| 120 | 40 [ 30| 0| O |O[ O 10| 80 0
BE.7.07 |[ToniMepHi KOMNO3WTH crielialbHOTO MPH3HAYEHHA 3 1 40| 120 | 40| 30| 0] 0]0O[ 0] 10| 80 0
BE.7.08 |®i3uka nonimepis 3 | 30| 9 |30 [30[0[0]0[0] O 60 0
Beboro 503|0[0/0]0[30,0[ 900 |300]{230[ 0| 0]O| O | 70| 600 0
Bnok aqucummiin "XiMis npUpoaHUX Cnoinyk"
BE.8.01 |AkTyansHi acmekTH MeIUUHOT XiMiT 2 1 301 9 [30|30(0]0f0J0] O 60 0
BB.8.02 |ITpupoasi Ta CHHTETHYHI OiOreTePOUNKIHN 2 1 30 9 [30|300]0]0]0] 0 60 0
BE.8.03 [CyuacHa XiMifi IPUPOIHUX CMOIYK 2 1 6,0 180 | 60 [ 30 | 0| 00| O[30 120 0
BB.8.04 |Ximis nininis i MeMGpaHHHX TpOlECiB 2 1 3,01 9 |30 30[0]0f0]0| 0] 60 0
BE.8.05 |BioopraHiuHa Ximis 3 l 6,0 180 | 60 [ 30 [15] 0 |0O| O | 15| 120 0
BE.8.06 |Hykneinosi kucnotu. ['eHoMika 3 | 30 90 | 30|30 0]0]|0]0] O 60 0
BE.8.07 |[IpuponHi eneMeHTOPraHiuHi CIOMYKH 3 1 30| 9 | 30{30[0]0]j0[0O] O 60 0
BE.8.08 |Ximis nikapchkux 3acobiB 3 I 30 90 | 30|30 0]0]0]0] O 60 0
Bceboro 612]0[0[0[0[30,0] 900 |300]|240| 15| 00| O | 45 ] 600 0
[Beboro 3a HaBuanbHuM niaHoM [11]12]0 03] 2[####] 3600] 830 464 [ 70[ 57]0[10]229] 1660 ] 1110]
Y TOMY 4MCI
060B'A3KOBI AHCLUILTIHA 690]0[3]2]90,0]|2700]|530]|259]| 0 [42[0]10[219] 1060|1110

BuOip dakysbTeTiB / iHCTHTYTIB
BiNbHHUIT BUOIp CcTyneHTa 5(310[0[0]0[30,0] 900 |300]|205]|70[15[{0] 0] 10 | 600 0




IV. ®akyasraTusui gucunniing (opMH KOHTPOIKO HE NIAHYKOTLCSA)

N Hapyanbuux roauH
[idp E é' 3 HUX: ¥ TOMY WHC/ 110 CEMECTPaM:
} Ha3sa HaByanbHOI ARCUHILTIHK Ocobnuei yMOBH AOCTYITY DD
JHCLHNIIHH i E z 2 BCHOrQ ks s . .
o3 ] pmaone il o i 0 601 (200 - 1 I O G -0 8 -1 00 Ol
TOpHI | THYHI |HApPCEKI|AVANTEH]
V. [Ipaktuyna niaroroBka V1. Mlincymroa aTectauis
TpusanicTs
I ) : o ‘ . : E " .
udp a3pa NPaKTHKH (BKa3aTH - HABYANLHA/ BUPODHHYA, 3 BIAPHBOM/GE3 BIAPHBY BIA TEOPETHYHOTO § nHIB (ans Wndp opa i Ha3sa miACyMKOBO! aTecTaLi Cemectp
NPAKTHKH HABYaHHA) (ﬂj THAKHIB npammcﬁﬂ
BIAPHBY)
OK.14  |[AcHCTeHTChbKa NMpaKkTHKa 0 30 OK.17 Kpanidikauiiina pobora marictpa 4
OK.15 |Haykopo-nocnina npaktika Ge3 BiIpHBY Bill TEOPETHYHOMO HAaBYAHHA 2 0 19 OK.18 Kommuiekchuii kpasiikauifinuii icnur 3a cnemiansHictio " Ximia" 4
OK.16  |[lepeanunnoMua npakTHka 4 0 10
Pazom:| 0 59.0
3pegena Tabiuus
Posmoain no cemectpam 1 2 3 4 5 6 7 8 9 10 | 11 12 Pazom
KinskicTh THXKHIB TEOPETHUHHX 3aHATDH 1519 15| 10 59
KibKiCTh IOJIMH HABYAIEHUX 3aHATh 280 | 270 | 240 | 40 830
CepeHs KilbKiCTh FOAMH HABYAIBHUX 3aHATh HA THAKICHD 18| 14| 16 | 4
Kinskicrs kpeauris ECTS 28 | 32 | 3¢ | 29 120
Kinpkicts ek3amenin 3 4 4 0 11
KinskicTs 3anikis 3 3 3 1 12
Kinekicts kypcosux pobir 0 0 0 0 0
HapyanbHi ta BUPOOHHYI NPAKTHKH 0 1 1 1 2
[MizcymkoBa aTectauis 0 0 0 2 2
VMOBH pHCBOEHHA Tpodeciiinoi keanidikauii: 3a ymoBr 06paHHs crielianizoBaHoro 610Ky AHCLHILIIH 13 HABYATLHOTO MUIaHY 32 IAaHOI0 OI1, oTpUMaHHs Ha MiJICYMKOBiil aTecTauil
(koMIuIekCHIiT KBanipiKauiiHuii icnuT) ouiHkK He Hibkde 75 Ganis i 3axucty kBanidikauiitnoi poGoTn marictpa 3 OLLIHKOIO He Hikye 75 Oaslis OKpeMHM pilIeHHAM eK3aMeHaliiHol
KoMicii 3106yBady BHLLOT OCBITH MPHCBOIOEThCA Npodeciiina kpanidikauis Ximik. 3a ymosu 06paHHa crienianizoBaHoro 610Ky OUCLHAIJIIH i3 HABYAJIBHOIO TU1aHy Ta OTPUMAaHHSA
HaBuanbHuil nnad cknaueHo
y BiINOBIZHOCTI 10 Crangapt sruwoi ocsit Ykpainu 3a cneuianstictio 102 Ximis apyroro (Marictepchkoro) pisHs BULIOT OCBITH
(na3Ba cTAHOAPTY, 32 HAABHOCTI)
a TaKoX 3riHO BUMOT BIANOBIAHO 10 BUMOT CTAHIAPTY
(nassa npodeciiiHoro cTaHaapTy, 3a HAABHOCTI)
3aTBepmrKeHo Ha 3acizaHHi Buenol panu XiMiqHOTrO haKynbTeTy "TToromxeHo"
[Tporokon Ne E Big " 16" 2220 ker), 20222301@( HMII opranizauii HABUaJIEHOTO NPOLIECY
} ¢ gl i
. I " " . :"/T—
Jexan dakynprery (JIMpekTop iHCTHTYTY) ; J N ;A’OJI]&H BOJIOBEHKO (I11B) = 20 p-
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