Pe3roMeTa Ha penieH3UPAHUTE MYOJIMKANUMN HA

ri.ac. A-p JIro6en IumurpoB Muxaiiinos

Ha OBJTapCKH €3UK U HA ¢IUH OT e3UIHUTe, KOUTO TPAAUIMOHHO Ce M0JI3BaT
B CbOTBETHATA HAYYHA 00/1aCT (AHIJIMHCKHU €3MK)

1. “Selective dissolution of amorphous Zr-Cu-Ni-Al alloys” L. Mihaylov, L.
Lyubenova, Ts. Gerdjikov, D. Nihtianova, T. Spassov, Corrosion Science, 2015, 94:
350-358, https://doi.org/10.1016/j.corsci.2015.02.031

Amorphous Zr—Ni—Cu-Al ribbons were dealloyed by electrochemical selective
dissolution. As a result three-dimensional microporous structures were obtained at
different conditions (electrochemical potential, temperature, dissolution time). The
smallest porous were obtained at low temperatures and potentials. To study the effect of
precursor microstructure on the porous structure the as-cast alloys were annealed at two
different temperatures — above T4 to cause structural relaxation of the amorphous
material and at temperature above Tx to produce crystalline alloy. It is shown that only
the entirely amorphous (as-cast and low-temperature annealed) alloys form

homogeneous microporous structures as a result of the selective dissolution.

Amopduute Zr—Ni—Cu—Al JneHTH ce pasmiaBsBar, 4pe3 EICKTPOXHUMUYIHO
CEJIEKTMBHO pa3TBapsitHe. B pesynartar ce mnomydyaBaT TPUU3MEPHU MHUKPOIOPECTH
CTPYKTYPHU IIPU PA3NTUYHU YCIOBUS (€IEKTPOXUMHUYEH MOTEHIMAN, TEMIIEpaTypa, BpeMe
Ha pasTBapsiHe). Hali-mankuTe mopu ce moiydyaBaT MpPU HUCKM TEMIEpaTypu u
NMOTEHIMAIU. 3a /1a ce u3clieaBa e(peKThT Ha MPEeKypcopHaTa MUKPOCTPYKTYpa BBPXY
rnopecraTa CTpyKTypa, TOTOBUTE CIUIaBH C€ OTTPSIBAT MPH JIBE Pa3IM4YHU TEMIEPATYPHU -
Haxa Tg, 32 1a ce mpeAM3BUKA CTPYKTYpHA pejakcanus Ha aMop(hHUS MaTepHal U Ipu

Temneparypa Haj Tx, 3a 1a ce oJy4u KpucTasiHa ciiiaB. [TokazaHo e, ue caMo HamrbJIHO
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amop(HuTE (OTJIETU U OTTPSITH IIPU HUCKA TEMIIEpaTypa) CIUIaBU 00pa3yBaT XOMOIE€HHU

MUKPOTIOPECTH CTPYKTYPH B pe3yATaT HA CEJIEKTUBHOTO pa3TBApsIHE.

2. “The mechanism of generating nanoporous Au by de - alloying
amorphous alloys” E.M. Paschalidou, F. Celegato, F. Scaglione, P. Rizzi, L. Battezzati,
A. Gebert, S. Oswald, U. Wolff, L. Mihaylov, T. Spassov, Acta Materialia, 2016, 119:
177-183, https://doi.org/10.1016/j.actamat.2016.08.025

De-alloying, i.e. selective dissolution of alloys, is currently studied to produce
nanoporous gold items suited for use in catalysis, electrochemical applications, sensors
and actuators. Both crystalline and amorphous alloys can be selectively etched. In the
former, less noble atoms are removed from surface terraces of grains layer by layer,
while noble ones form mounds. These evolve by undercutting and electrolyte
percolation to form a ligament network. The mechanism of ligament development by
dealloying amorphous alloys is unknown. Here we show that for de-alloying a Au-based
glass, in this case AusCu2sAg7PdsSizo, percolation of the electrolyte through cracks of
the native surface oxide initiates the formation of protuberances which are soon
undercut. An interlayer develops, where Au crystals germinate, grow to nanometer size
by diffusion and impinge. This is how ligaments start to coarsen. The interlayer is found
at all stages between coarsened ligaments and amorphous phase. The ligaments are

defective polycrystals, as opposed to single crystals obtained from crystalline alloys.

PascrinaBaBaHeTo, T.€. CEJIEKTUBHOTO pa3TBapsiHE Ha CIUIABH, IIOHACTOSILIEM CE
M3y4yaBa 3a II0JYy4YaBaHETO HAa HAHONOPECTH 3JIATHM MaTepuajav, MNOAXOISIIH 3a
U3MOJI3BaHE B KaTalM3a, €JIEKTPOXMMHUYHHU MPHIOKEHMs, CEH30pu U T.H.. Kakro
KpUCTAJIHUTE, Taka U aMOpHUTE CIUIaBU MOTat Aa ObAaT m3buparenHo eusaHu. [Ipu
I'BPBUTE, 110 — MAJIKO OJaropoHUTE aTOMH C€ OTCTPAHSABAT OT MOBBPXHOCTTA CIIOW IO
ClIOH, mokato OmaropogHuTe OOpa3yBaT CBBP3BallM 3BEHa (JUraMeHTH). ToBa €
CBBbP3aHO C IMPOCMYKBaHE Ha €JNEKTPOJUTa B JbJI0OUYMHA M 0Opa3yBaHETO Ha

JIMTaMCHTHATa MpPCiKa. MexaHu3MbT Ha Pa3sBUTUC HA JINTAMCHTHUTEC, UPC3 pa3TBAPSAHEC HA
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aMOp(HH CIUIaBU € HeW3BECTeH. ToBa M3CleABaHE MOKa3Ba, Y€ Pa3CIUIaBIBAHETO Ha
amopduara AusCu2Ag7PdsSizo criaB, ctaBa upe3 MPOCMYKBAHETO Ha €ICKTPOJIMTA
mpe3 AeeKTH Ha eCTECTBEHUS MOBBPXHOCTEH OKCHJI, KOETO MHUIIMUPA 00pa3yBaHETO
Ha U3JJaTHHU, KOUTO CKOPO CJIE]T HAYaJIOTO MpoIleca U3THHIBAT B OCHOBaTa cH. Pa3BuBa
ce MEXIWHEH CIIOH, KbAETO upe3 audy3ust AU — Te KPUCTaIH Ce 3apakJaT U U3pacTBatr
70 pa3Mep OT TOpsAbKa HAa HAKOJIKO HaHOMeTpa. MEXIUHHHAT CIOW ce HaMHUpa Ha
BCUYKH €Taly MEXAY JIMTaMeHTUTe W amopdHaTta (asza. JIuraMeHTHTE TOTydeHH OT
amMopdHM CrutaBu ca Je(eKTHH TMOJIMKPUCTAU, 32 pas3liika OT MOHOKPHUCTAIIUTE,

IIOJIYUYCHHU IIPU CCICKTHUBHOTO pa3TBAPAHC HA KPUCTAJIHHU CILJIABU.

3. “Nanoporous metallic structures by de-alloying bulk glass forming Zr-
based alloys” L. Mihaylov, A. Inoue, L. Lyubenova, D. Nihtianova, T. Spassov,
Intermetallics, 2018, 98: 148-153, https://doi.org/10.1016/j.intermet.2018.05.002

Nanoporous structures have been produced by selective chemical dissolution of
two multicomponent bulk glass — forming alloys with a supposed proper content of the
more noble metals - ZrssNizoPds and ZrssNispAl1oPds. The Al —containing alloy reveals
open three — dimensional pores, while the selective dissolution of the Al —free ternary
alloy results in larger surface pores and a number of disconnected ligaments. The
average width of the ligaments, composed of 3-5 nm nanocrystals, is about 50 nm and
the mean pore size for the de-alloyed quaternary alloy is 90 nm. The effect of Al on the

ligament morphology and pore size is analyzed.

HanomopecTs CTpyKTypH ca IOJIy4eHH, Ype3 CEICKTUBHO XUMHYHO Pa3TBapsHE
Ha JIBE MHOTOKOMIIOHCHTHH aMOp(HM CIUIaBH C TIPEANojiaraeMo MOIXO/SII0
ChIbpKaHHe Ha 1mo-Omaropoanute Metanu - ZresNizoPds u ZrssNispAlioPds. Crnabra,
chabpkamia Al, moka3Ba OTBOPEHH TPHHM3MEPHH TOPH, JOKATO CEJICKTHBHOTO
pa3TBapsiHEe Ha TpoiHaTa cruiaB 0e3 Al BoaM 10 MO-rojeMu MOBBPXHOCTHU IMOPU U
penuiia HecBbp3aHu JuramenTH. CpeHara IMUpUHA Ha JIMTAMEHTHTE, ChCTaBEHH OT 3—

5 nm HaHOKpHUCTaJId, € 0KoJI0 50 nm, a CpeHUAT pa3Mep Ha MOPUTE 3a pa3TBOpeHaTa
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yeTBopHa cruiaB € 90 nm. Anammsupan e epexkrbT Ha Al Bbpxy Mopdomorusira Ha

JIMTAaMCHTHUTC U pa3MCpa Ha IIOPUTC.

4. “Synthesis and catalytic properties of nanoporous Pd-based alloys:
chemical vs. electrochemical dealloying of Pd-Ni-Si glasses” Mihaylov, L., Vassileva,
E., Lyubenova, L., Inoue, A., Spassov, T., International Conference on Quantum,
Nonlinear, and Nanophotonics 2019 (ICQNN 2019). SPIE, 2019. p. 36-44.

In the course of our studies on the synthesis of porous metals by de-alloying of
amorphous precursors the present work was devoted to the influence of alloy
composition and conditions of selective dissolution of palladium based glasses on the
microstructure of the final porous material. More pronounced three-dimensional
ligament structure was found at the chemically de-alloyed glasses compared to those
treated electrochemically. Noticeable difference in the size of the pores and ligaments
between chemically and electrochemically partially dissolved PdzoNisoSizo glasses
compared to PdsoNisSio was also observed. Superior catalytic activity towards
oxidation of ethanol of the porous metal prepared by de-alloying PdsoNiseSiz2o compared

to that of the de-alloyed PdoNi40Sizo was established.

B xonma Ha HammTe M3CiIEABaHUSA BBPXY CHUHTE3a Ha IOPECTH METAIH, 4pe3
pa3TBapsiHEe Ha aMOp(HU IPEKypCOpH, HAacTosAIIaTa padoTa € MIOCBETEHA Ha BIMSHUETO
Ha ChCTaBa Ha CIUJIaBTa W YCJIOBHUSTA HA CEJICKTUBHO Pa3TBapsiHE Ha aMOp(HU CIUIaBU
Ha OCHOBAaTa Ha Majlaluii BBPXY MUKPOCTPYKTypaTa Ha KpailHus nopect marepuain. I1o-
u3pa3eHa TpPUHM3MEpHA JIMFaMEHTHAa CTPyKTypa Oelle TMoJydeHa MOpU XUMHYHO
pPa3TBOPEHUTE CTHKJIAa B CPAaBHEHHUE C TE€3H, TPETHpaHU enekTpoxumuuHo. Habnrogasa
ce ChIo 3a0eneknMa pa3iuka B pa3Mepa Ha MOPUTE U BPBH3KUTE MEXKIY XUMUYHO U
SNIEKTPOXUMHYHO YacTU4HO pa3tBopeHa Pd3oNisoSizo amopdHa crutaB B cpaBHEHHUE C
Pd4oNisSiz0. YcraHoBeHa € MHOTO T0Opa KaTaJuTHYHA aKTUBHOCT MIPU OKUCIICHHE HA

eranon 3a PdsoNiseSizo crimaB B cpaBHenme ¢ Tazu Ha PdaoNisoSizo.



5. “LiMnPO4 - olivine deposited on a nanoporous alloy as an additive-free
electrode for lithium ion batteries” L. Mihaylov, T. Boyadzhieva, R. Tomov, V. Kumar,
V. Koleva, R. Stoyanova and T. Spassov, Dalton Transactions, 2019, 48.45: 17037-
17044, DOI: 10.1039/c9dt02879

A new strategy for the fabrication of binder - and carbon — free electrodes for
lithium ion batteries is demonstrated. The strategy is based on the employment of a
nanoporous metallic structure as a mechanically stable and conductive scaffold inside
of which an active material is directly grown. The porous metallic structures with the
pore size on the nanometric scale were obtained by de-alloying microcrystalline
CusoAgazoAlio, applying the method of selective dissolution of the less noble metals from
the alloy. The active material of choice is LiMnPO4 — olivine, which displays higher
energy density in comparison with the well-known LiFePO4 (701 W h kg™ versus 586
W h kg™). The improved electrode capacity can be explained by the enhanced diffusion
of Li* into LIMnPQa4, achieved by decreasing the size of the phospho — olivine particles,
incorporated inside the pores of the metallic structure. This approach enables to us
perform the precise engineering of the particle size, which in turn contributes to the

improvement of the electrochemical properties of phospho — olivines.

[IpencraBeH € HOB METOJ 3a IOJIy4aBaHE Ha €JNEKTpoAu 0e3 CBBP3BaLIO
BEIIECTBO M BBIVIEPOA 3a JUTHEBO — HoHHU OaTtepuu. CTparerusra ce OCHOBaBa Ha
M3MOJI3BAHETO Ha HAHOMOpECTa METajHa CTPYKTypa KaTO MEXaHMYHO CTaOWiHA U
IIPOBOJMMA TIOJUIOXKKA, BBTPE B KOSITO JUPEKTHO C€ OTJIara akTUBEH MaTrepHall.
HaHonopecTuTe MeTaaHu CTPYKTYpH ca MOJIYYEHH, UPE3 CEIEKTUBHO €JIEKTPOXUMHUYHO
pasTBapsiHe Ha MuUKpokpucTaaHa CusoAgszoAlio criaB. 30paHUsT aKTUBEH MaTepHall 3a
otnarane ¢ LiMnPO4 — onuBuH, KONTO MOKa3Ba M0 — BUCOKAa EHEPrHifHa MIIBTHOCT B
cpaBHeHne ¢ mo0pe mosHatus LiFePOs (701 W h kgt cpemy 586 W h kg™).
[ToroOpeHuAT KanayTeT Ha eIEKTPOoIa MOXKe /1a ce 00SICHU ¢ TOBUIIIeHATa MU y3us Ha
Li* B LiMnPOs, mocTuruata 4pe3 HamajasBaHE Ha pa3Mepa Ha yacTumnure (ocdo-

OJINBUH, BKJIIOYCHH B IIOPUTE HA METAJIHATA CTPYKTypa. To3u moaxon mo3BoJisiBa aa ce



HU3BBPIIN MMPEHU3HO KOHTPOJIIMPAHC HA pasMCEpa Ha YaCTUIUTEC, KOCTO OT CBOs CTpaHa

AOIIPpHUHACA 3a HOI[06p$[BaHe Ha CIICKTPOXUMUYIHHUTC CBOMCTBA Ha q)OC(l)O — OJIUBUHHUTC.

6. “On the performance of a hierarchically porous Ag.S — CuxS electrode in
Li-ion batteries” R. I. Tomov, L. Mihaylov, L. R. Bird, Ev. Vassileva, R. V. Kumar, M.
Chhowalla and T. Spassov, Dalton Transactions, 2022, 51.47: 18045-18053,
DOI: 10.1039/d2dt02880h

A new binder- and carbon — free electrode for lithium — ion batteries was
prepared using a hierarchically porous Ag — based current collector. The latter was
produced by applying the method of selective dissolution of the less noble metals from
the CueoAgs0Alio master alloy tape. The current collector was reaction — coated with an
electrochemically active Ag.S — CuxS coating. The metallic structure provided a
mechanically stable conductive scaffold on the walls of which the Ag>S — CuxS skin
material was directly deposited. The ordered porosity — hierarchical and directional —
provided easy penetration of the liquid electrolyte as well as short Li* ion diffusion
paths. The as — prepared electrodes were tested in a half-cell configuration vs. Li/Li* at
various current rates to study the cycling and rate performances of the electrode. The
first cycling capacity of ~1250 mA h g ! was measured at 0.4 A g* current rate. After
a rapid decrease, a stable reversible capacity of ~230 mA h g! was established at a
current rate of 0.4 A g1 (calculated vs. the weight of the incorporated sulphur). Excellent
charge/discharge cycling and rate properties were observed for over 1000 cycles at
higher rates of 1.0 and 2.0 A g1, in the potential window of 0.15-2.8 V/ vs. Li/Li*. The
observed cycling stability was ascribed to the mechanism of a “displacement” reaction
with Li ions. Additional capacity is also available from alloying — dealloying with Ag
(and Cu to some extent) and S redox reactions. These results open up a new opportunity
for using a Cu — Ag alloy as the precursor for making electrodes for thin Li-ion and Li—

S batteries with high cycling stability at relatively high current rates.

Hos enextpos 6e3 cBbp3BaIlM BEIECTBA U BBIIIEPOJ 33 TUTHEBO-HOHHU OaTepuu

€ MOJIyY€eH C MOMOIITa Ha HepapXUyHO MOPECT TOKOMPUEMHHUK (KOJIEKTOpP) HAa OCHOBAaTa



Ha Ag. ITlocmegHusT € TMOJNy4eH, 4Ype3 CEJNEKTUBHO pa3TBapsHE Ha I0-MalKO
omaropoanute Metanu oT JeHtata Ha CuUsopAQsoAlio crumaB. TOKONMPHEMHHKBT €
PEaKIMOHHO TIOKPHUT C EJICKTPOXMMHYHO aKTHUBHO TmokputHe Ha Ag2S — CuxS.
MertanHata CTpyKTypa OCUTYpsiBA MEXaHWYHO CTa0WJIIHO WPOBOJUMA TMOpecTa
MOJVIOKKA, BBPXY YHHTO CTEHH JUpEKTHO ce oriara AQ2S — CuxS. IMomxomsmiara
MOPHO3HOCT — MepapXuyHa M HACOUYEHA — OCUTYpsSIBA JIECHO NMPOHUKBAHE HA TEYHUS
CJIICKTPOJIMT W IO TO3M HAYUH C€ CKbCSABAT MU(PY3MOHHUTE IbTHIAa Ha Li* HOHH.
[TogrorBenute enekTpoau Osixa TECTBaHM B KOH(UTypalus C ,,[IOJIOBUH” KIIETKa
ciupsimo Li/Li* mipu pa3in4Hd CKOPOCTH Ha TOKa, 3a JIa C€ MPOYYH IMKINYHOCTTA H
CKOPOCTTa, C KOSITO CE 3apek/ia M pa3pexaa enekTpoaa. [IbpBUAT KamauTeT Ha 3apsiT
u paspan ot ~1250 mA h g Gewe msmepen npu npsTHOCT Ha Toka 0,4 A g Ilpu
CJIE/IBAIIATE MKJIU OEIle yCTAHOBEH CTabmieH o0paTuM KamanuTeT ot ~230 mA h gt
MU ChIaTa IUTBTHOCT HAa TOKA (M3YHCIEHA CHPSIMO TETJOTO Ha BKIIOYEHATa Cspa).
OTnuvHY UUMKIM Ha 3apsa U paspsn ca HaOmronaBanu 3a Haja 1000 mukbia mpu mo-
BHCOKH INThTHOCTH Ha TOKa oT 1,0 2,0 A gfl, u moTeHnuany mexay 0,15-2.8 V cripsimo
Li/Li*. HaGmoaBaHaTa MUKIMYHA CTAOMITHOCT C€ ABJDKU Ha peakius Ha "3aMecTBaHe"
c Li fionu. JlonbJIHUTENICH KaMalUTET € HAJIMYEH U OT CIUIaBsSBaHE U Pa3CIUIaBsIBAHE ChC
Ag (u Cu ;o u3BecTHa CTENEH), KaKTO U OT PeAyKIMOHHM peakuuu Ha S. Tesu
pe3ysiTaTi OTKpHUBAT HOBa BB3MOXKHOCT 3a um3non3BaHe Ha Cu — AQ cIutaB Kato
MIPEKypCOp 3a HallpaBaTa Ha €JICKTPOIH 3a Tuiocku Li —ion u Li— S GaTepuu ¢ BUCOKa

OUKINYHa CTAaOMITHOCT IMPHU OTHOCHUTCIIHO BUCOKHU IIJIBbTHOCTHU HA TOKA.

7. “P3-Type Layered Sodium-Deficient Nickel-Manganese Oxides: A
Flexible Structural Matrix for Reversible Sodium and Lithium Intercalation”
Maria Kalapsazova, Gregorio F. Ortiz, Jose L. Tirado, Oleksandr Dolotko, Ekaterina
Zhecheva, Diana  Nihtianova, Lyuben Mihaylov, and Radostina
Stoyanova, ChemPlusChem, 2015, 80.11: 1642-1656, DOI: 10.1002/cplu.201500215

Sodium — deficient nickel — manganese oxides exhibit a layered structure, which
is flexible enough to acquire different layer stacking. The effect of layer stacking on the
intercalation properties of P3-NaxNiosMnosO2 (x=0.50, 0.67) and P2-NazizNiys-

Mny30- , for use as cathodes in sodium - and lithium — ion batteries, is examined. For



P3-Naos7NiosMnosOz , a large trigonal superstructure with 2v3a * 2v/3a = 2¢ is
observed, whereas for P2-Na2sNiysMn230: there is a superstructure with reduced lattice
parameters. In sodium cells, P3 and P2 phases intercalate sodium reversibly at a well-
expressed voltage plateau. Preservation of the P3-type structure during sodium
intercalation determines improving cycling stability of the P3 phase within an extended
potential range, in comparison with that for the P2 phase, for which a P2 — O2 phase
transformation has been found. Between 2.0 and 4.0 V, P3 and P2 phases display an
excellent rate capability. In lithium cells, the P3 phase intercalates lithium, accompanied
by a P3 — O3 structural transformation. The in situ generated O3 phase, containing
lithium and sodium simultaneously, determines the specific voltage profile of P3-
NaxNiosMnosO2 . The P2 phase does not display any reversible lithium intercalation.
The P3 phase demonstrates a higher capacity at lower rates in lithium cells, whereas in
sodium cells P3-NaxNiosMnos02 operates better at higher rates. These findings reveal
the unique ability of sodium-deficient nickel — manganese oxides with a P3-type
structure for application as low-cost electrode materials in both sodium- and lithium —

ion batteries.

Huxkeno — MaHraHOBHTE OKCHIW C Je(PUIUT HAa HATPUN MPUTEKABAT CIOECTA
CTPYKTYpa, KOSITO € JIOCTaThYHO I'bBKAaBa, 3a Jia MPUI00HE pa3IndHO MOAPEKIAHE Ha
cioeBete. M3cnenBano e BIUSAHUETO UM BbpPXY MHTEpKAJIAlMOHHUTE CBOMCTBA Ha P3-
NaxNio5sMnos02 (x=0.50, 0.67) u P2-Naz;3NizMn2302, 3a u3noa3BaHe KaTo KaToAH B
HATpUEBO- U JUTHEBO — HOHHM Oartepun. 3a P3-Naos7NiosMnosO2 ce nabmronasa
roJsiMa TPUTOHATHA CYMEpCTPYKTypa ¢ mapamerpu 2V3a*2V3a*2c, mokaro 3a P2-
Na2isNisMnz302 uma cymepcTpykTypa ¢ HaMaJeHW MapaMeTpud Ha KpHCTaHATa
pemetka. B P3 u P2 ¢asure narpus nuarepkanupa o0patumMo npu 100pe u3pa3eHo miato
Ha HaNpeXCHHWETO. 3ama3BaHETO Ha CTpykTypata oT P3 Ttum mo Bpeme Ha
UHTEpKAMpaHe Ha HATPHUW TOKa3Ba MOJOOpsBaHE HA MMKIMYHATA CTAOMIIHOCT Ha
¢azata B TOJISIM TMANa30H OT MOTEHIIMAJM, B CpaBHEHHE ¢ Tazu 3a P2 ¢dasara, 3a kosTO
¢ ycraHoBeHa ¢azoBara Tpanchopmanus P2 — O2. Mexny 2,0 u 4,0 V dazure P3 u P2

MOKa3BaT OTJIMYHA CKOPOCT Ha Iukinupane. B P3 (¢azata Ha nutHeBUTE KIETKH



WHTEpKaNMpa JIuTHi, nupuapyxkeH ot P3 — O3 crpykrypHa TpaHchopMaIus.
I'enepupanara in situ O3 ¢asa, cbabprKalia TUTUN U HATPUM €THOBPEMEHHO, OIIpeIes
crienuduuams npodpwr Ha Hanpexerne Ha P3-NaxNiosMnosO2. dazarta P2 He mokas3sa
HUKakBa oOpaTuMa JHMTHEBa MHTepKananus. B nutueBure kietku 3a P3 daszarta ce
Ha0J110/1aBa MO-BUCOK KalalUTET MPU MO-HUCKU CKOPOCTU HA MHTEPKaIalMsl, 10KaTo B
HaTpueBute KiIeTku P3-NaxNosMnosO2 paboTu mo-go0pe mpu mo-BUCOKH CKOPOCTH.
Te3u pe3ynratu paskpuBaT yHUKAJIHATA CIIOCOOHOCT HA HUKEJIO — MAHTAHOBUTE OKCUIU
C 1e(pUIUT HA HATPUM CbC CTPYKTYypa TUll P3 3a npusiokeHune KaTo €eBTUHU €JIEKTPOIHU

MaTCpHalid KaKTO B HATPHUCBO-, TdKa U B JIMTUCBO — HOHHU 6aTepI/II/I.

8. “Competitive lithium and sodium intercalation into sodium
manganese phospho — olivine NaMnPO. covered with carbon black” T.
Boyadzhieva, V. Koleva, E. Zhecheva, D. Nihtianova, L. Mihaylov and R.
Stoyanova, RSC advances, 2015, 5.106: 87694-87705, DOI: 10.1039/c5ral7299c

In this contribution we provide novel data on the reversible lithium and sodium
ion intercalation into a sodium-manganese phospho-olivine NaMnPOs, when it is used
as a cathode in model lithium-ion cells. The ion-exchange reaction involving the
participation of KMnPO4s*H.O dittmarite as precursor was chosen for the preparation of
NaMnPQOs. The NaMnPOs particles were covered with carbonaceous materials to
improve the electrical conductivity and electrolyte wetting. The procedure includes
ballmilling of NaMnPO4 with conductive carbon black additives Super C/65, followed
by thermal treatment. The mechanically treated samples consist of well crystallized
phospho-olivine phase NaMnPOg4 free of any anti-site defects and disordered carbon
species with graphite like medium-range order. The composite NaMnPO4/C material
manifests a reversible capacity between 80 — 85 mA h gt in model lithium cells versus
lithium anode. Prior to the electrochemical test, the chemical inertness of NaMnPO4 in
the lithium electrolyte is studied by soaking phospho — olivines in the solution of LiPFs
in EC:DMC. The mechanism of the reversible intercalation/deintercalation cycling is
investigated using ex situ X-ray powder diffraction, TEM and high — angle annular dark

field STEM analysis, infrared spectroscopy and electron paramagnetic resonance



spectroscopy (EPR). The study demonstrates, for the first time, that NaMnPOs is able
to intercalate reversibly both Na* and Li* ions following the chemical reaction LixNai-x
MnPQO4 <> Lio.oNaosMnPO4 (0.25 < x < 0.45).

B ta3u nybnukanus ca mpe1ocTaBeHU HOBY JJaHHU 32 o0paTHUMaTa HHTepKalalus
Ha JINTUEBU M HATPUEBU HOHU B HaTpueBO — MaHTaHOB (ocho — onuBuH NaMnPOg,
KOTaTo C€ M3MOJ3Ba KAaTO KaToJ B CHbBPEMEHHHUTE JIMTHEBO — WOHHHM KIETKU. 3a
nosiyuaBaneto Ha NaMnPOs e u3non3BaHa iloHOOOMEHHAaTa peakius, BKIIOYBaIla
KMnPO4*H20 autmapur karo mnpekypcop. Yactumute NaMnPOs ca mokputu ¢
BBIVIEPOJIHM MaTepualin 3a TNoaoOpsiBaHe Ha eNeKTpuYeckaTa MPOBOJAUMOCT U
OMOKPSIHETO Ha eJeKTpoaa OT enekTtpoinuTa. [Ipomeaypara BkIIOYBA CMUJIAaHE HaA
NaMnPO4 ¢ mpoBomsmu caxau Super C/65, mocienBaHo OT TepMUYHa 00paboTKa.
Mexannyno oOpaboTeHuTe MpoOU ce CHCTOSAT OT Ao0pe kpuctanusupaia docdo-
onuBuHOBa ¢aza NaMnPOs, cBOOOHA OT KaKBUTO U J1a € BB3MOXKHHU JeDEeKTH MpU
HAHACSHETO, W YaCTUYHO KPHUCTAIM3MPAT BBIJIEPOA OT CPEACH TMOPSIIbK C
rpadurononodbna crpykrypa. Kommnosutuust marepuan NaMnPO4/C nokasza oopaTtum
kamanuteT Mexay 80 — 85 mA h g'1 B JINTUEBUTE KIIETKHU CIPSIMO JINTUEB aHo. [Ipenn
€JEKTPOXMMHUYHUS TECT, XuMHYeckara uHepTHOCT Ha NaMnPOs okcupa B nuTHEBHS
SJICKTPOJIUT C€ M3CJIe/IBa, Upe3 HaKucBaHe Ha ¢ocdo — onuBuHA B pa3TBOp Ha LiPFe u
EC:DMC. MexaHu3MbT Ha 00paTUMOTO UKIHpaHe (MHTEpKaIalus/JCHHTePKaTaIus)
ce m3cie/Ba C TIOMOIITA Ha €X Situ peHTreHoBa mnpaxoBa audpakius, TEM u STEM
aHam3, HH(pavYepBEHA CIICKTPOCKOIHUS M CIIEKTPOCKOIHS C €JICKTPOHCH NapaMarHuTeH
pesonanc (EPR). [IpoyuBaneTo 3a mbpBu BT NokaszBa, ue NaMnPOs € B cbecTosiHUE 112

uHTepKanupa oopatumo Na* u Li* foHwm, criex ciieiHaTa XUMUYHA PEaKIUs:

LixNai-x MnPO4 <> LiooNagsMnPO4 (0.25 < x < 0.45).



9. “Effect of Sodium Content on the Reversible Lithium Intercalation
into Sodium-deficient Cobalt-Nickel-Manganese Oxides
NaxCo13NizsMn1302 (0.38 < x < 0.75) with a P3-type of Structure” Svetlana
Ivanova, Ekaterina Zhecheva, Rositsa Kukeva, Georgi Tyuliev, Diana
Nihtianova, Lyuben Mihailov, Radostina Stoyanova, J. Phys. Chem. C, Publication
Date (Web): 01 Feb 2016, DOI: 10.1021/acs.jpcc.5b11910

Layered lithium transition metal oxides with optimized nickel — manganese
content are, nowadays, of primary interest as electrode materials for lithium ion
batteries, since they are able to deliver a high capacity at a low cost. Herein we report a
new class of less expensive cathode materials, which comprise sodium deficient cobalt-
nickel-manganese oxides NaxCowsNizsMni302 characterized with a layered structure
and broad concentration range of sodium solubility. NaxCo13NiysMn1302 oxides are
obtained by thermal decomposition of mixed acetate-oxalate precursors, followed by
thermal annealing between 700 and 800 °C. In the concentration range of 0.33 < x <
0.75, NaxCo13Ni1sMny302 oxides assume a layered structure with a three layer stacking
(i.e. P3-type of structure). Based on electron paramagnetic resonance spectroscopy
operating in the X-band (9.4 GHz), it is found that the charge compensation of Na
deficiency is achieved by preferential oxidation of Ni* to Ni** and Ni**, while Co and
Mn ions retain their oxidation state of 3+ and 4+ within the whole concentration range.
The electrochemical performance of NaxCo13NiysMn1z02 in model lithium cells is
simply controlled by the amount of sodium content in the pristine compositions: a higher
reversible capacity is achieved for sodium rich oxides (i.e. 0.75> x> 0.67), while sodium
— poor oxides (i.e. 0.38 < x <0.50) display a lower reversible capacity and improved
cycling stability. The mechanism of the lithium intercalation into NaxCo13Ni1sMn1302
is discussed on the basis of ex-situ XRD, HRTEM and X-ray photoelectron spectroscopy

analyses.

CrnoectrTe TUTUEBU OKCHUJIM HA IPEXOIHU METAJIU C ONTUMU3UPAHO ChIBPIKAHNE
Ha HUKEJI U1 MAHT'aH B IHEIIHO BPEME €a OT IbPBOCTENIEHHO 3HAYEHUE, KaTO €JIEKTPOIHU
MaTepualld 3a JINTUEBO — MOHHM OaTepuH, Thil KaToO TE€ MOTaT Ja OCHTYpST BHCOK

KamaiuTeT ¢ HUCKa cebecorHocT. B Ta3zu myOnukaius ce u3ciaeaBaT HOB Kiac MO —



€BTUHU KAaTOJHU MaTEPHAJId, KOUTO BKIIOUBAT KOOAIT — HUKEI — MAHTAHOBU OKCHU
¢ nmedunur Ha Hatpuii NaxCo13NisMnyz02, xapakTepusupam ce ChC CIIOeCTa
CTPYKTypa M IIMPOK AuWana3oH Ha pa3tBopuMmocT Ha Hatpui. NaxCo13NiyzMniz0:
OKCHJIU C€ TIOJy4yaBaT, 4Ype3 TEPMUYHO pasjlaraHe Ha CMECCHH alleTaTHO — OKCaJaTHU
IPEKYPCOpH, IOCIEIBAHO OT TepMUuYHO oTrpasane Mexxy 700 u 800 °C. Ilpu
koHnentpanuu Mexkay 0,33 <x <0,75, NaxCo13Ni1sMn1302 okcuau mpuemar cioecra
CTPYKTypa ¢ TpucioiHo mnoapexaane (t.e. P3-tum ctpykrypa). Bb3 ocHoBa Ha
CJICKTpOHHA TMapaMarHuTHA pPe30HaHCHa crekTpockomnus, B X-ob0xBara (9,4 GHz), e
YCTaHOBEHO, Y¢ KOMIICHCHPAHETO Ha 3apsija OT HexocThra Ha Na ce MoCTHra, 4pes
npedepennuanto okucaenue Ha Ni2* 1o Ni** u Ni**, nokaro Co u Mn iionu 3ana3sat
CTCTICHTA CH HAa OKHUCIeHHWe 3+ ®u 4+ T[pu pa3IuyHUTEC KOHIICHTPAIIHH.
Enexrpoxnmmunnte xapakrepuctuku Ha NaxC013NiysMnyz02 B muTHEBHTE KIIETKH Ce
KOHTPOJIUPAT OT KOJUYECTBEHOTO ChIbp)KAHUEC HA HATPHHA B ITbPBUYHUTE CHCTABH:
MIOCTHra Ce€ M0 — BUCOK 00paTHUM KamaluTeT 3a 6oraTu Ha HaTpuil okcuau (t1.e. 0,75 >
x>0,67), nokato 6enuuTe Ha HaTpuit okcuu (1.€. 0,38 < X <0,50) moka3Bat MO-HUCHK
o0paTuM KamanuTeT W MoJoOpeHa CTaOWJIIHOCT TpU NUKIUpaHe. MeXaHW3MbT Ha
autreBata uHTepKanamms B NaxCo13NisMny302 ce onpenens Ha 6a3ara Ha ex-Situ

XRD, HRTEM wu pentrenoBa ¢hoToeIeKTPOHHA CIIEKTPOCKOTIHSL.

10. “Layered P3-NaxCo13NiyzsMn1302 versus Spinel LisTisO1 as a
Positive and a Negative Electrode in a Full Sodium — Lithium Cell” Svetlana
Ivanova, Ekaterina Zhecheva, Rositsa Kukeva, Diana Nihtianova, Lyuben
Mihaylov, Genoveva Atanasova and Radostina Stoyanova, ACS Appl. Mater.
Interfaces 2016, 8, 17321—17333, DOI: 10.1021/acsami.6b05075

The development of lithium and sodium ion batteries without using lithium and
sodium metal as anodes gives the impetus for elaboration of low — cost and
environmentally friendly energy storage devices. In this contribution we demonstrate
the design and construction of a new type of hybrid sodium — lithium ion cell by using
unique electrode combination (LisTisO12 spinel as a negative electrode and layered

NazsCo13NizsMny302 as a positive electrode) and conventional lithium electrolyte



(LiPFes salt dissolved in EC/DMC). The cell operates at an average potential of 2.35 V
by delivering a reversible capacity of about 100 mAh/g. The mechanism of the
electrochemical reaction in the full sodium — lithium ion cell is studied by means of
postmortem analysis, as well as ex situ X-ray diffraction analysis, HR-TEM, and
electron paramagnetic resonance spectroscopy (EPR). The changes in the surface
composition of electrodes are examined by ex situ X-ray photoelectron spectroscopy
(XPS).

Pa3paboTBaHeTo Ha TUTHUEBU U HATPUEBO — HOHHU OaTepuu Oe3 M3MOI3BaHe Ha
METaJIeH JIMTUH W HATPHUM KaTO aHOIM JaBa MOCOKa 3a pa3paboTBaHETO Ha €BTUHU U
€KOJIOTUYHO YMCTH YCTPOMCTBA 3a ChXpaHEHHE Ha eHeprus. B Ta3um myOmukarusi ce
OIMKCBA MU3aiiHa U KOHCTPYKIMSATA HA HOB THUI XMOPUIHA HATPUEBO — JIUTHEBO — HOHHA
KJICTKa, Ype3 M3I0I3BaHe Ha yHUKaIHA KoMOUHanus ot eektpoau (LisTisO12 mmmHen
Karo otpunareneH enekrpoa u  ormiaoxkeH NazsCo01sNiyzMnyz02  okena  kato
TOJIOKUTENIEH EJEKTPOJ) B KOHBeHIMOHaieH juTueB enektpoiaut (LiPFe com,
pasztBopera B EC/DMC). Knetkata pabotu npu cpeneH mnoteHiuan ot 2,35 V, karo
ocurypsisa oOpaTuM KamanmureTr oOT okojgo 100 mAh/g. MexaHu3MbT Ha
€JICeKTPOXUMHYHATA PEaKIusl B IMbJIHATa HATPUEBO — JIMTHEBO — WOHHA KIIETKa €
W3ClIe[IBAaH C MOMOIINTAa HAa eX situ peHTreHoB mudpakmuoneHn anamms3, HR-TEM u
€JIEKTpOHHA TMapaMarHuTHa pe3oHaHcHa crnekrpockonust (EPR). Ilpomenute B
MOBBPXHOCTHUS CHCTaB Ha EIIEKTPOJMUTE CE€ H3CIEeIBAT, upe3 ex situ peHTreHoBa

¢dotoenexTpoHHa cnekrpockonus (XPS).

11. “Effects of the Particle Size Distribution and of the Electrolyte salt
on the Intercalation Properties of P3-NazsNiy Mn120” Maria L. Kalapsazova,
Ekaterina N. Zhecheva, Georgi Todorov Tyuliev, Diana D. Nihtianova, Lyuben
Mihaylov, and Radostina K. Stoyanova, The Journal of Physical Chemistry,
Publication Date (Web): 01 Mar 2017, DOI: 10.1021/acs.jpcc.6b12887



Sodium-deficient nickel - manganese oxides with a layered type of structure are,
nowadays, of great interest as electrode materials for both lithium- and sodium — ion
batteries, since they are able to intercalate lithium and sodium ions reversibly within a
broad concentration range. Herein we report new data on the effects of the particle sizes
and of the electrolyte salt on the intercalation properties of NazzNiosMnos02 with a P3-
type of structure. The morphology of layered Naz;3sNiosMnosO2 oxides has been varied
by changing the type of the precursor used: from Na — Ni — Mn acetates to Na — Ni —
Mn mixed nitrate-acetates. The structure, particle dimensions and particle size
distribution of oxides have been determined by means of powder XRD, TEM, dynamic
light — scattering measurements and X — ray photoelectron spectroscopy (XPS). The
intercalation properties of NazsNiosMnosO2 have been studied in model electrochemical
cells versus Li metal as the anode. We used two kinds of the lithium salts dissolved in
organic solutions as the electrolytes: 1M LiPFs in EC:DMC and 1M LiBF4 in EC:DMC.
The mechanism of the lithium intercalation into NazsNiosMnosO2 is discussed on the
basis of ex-situ XRD, HRTEM and X-ray photoelectron spectroscopy analyses. It has
been found out that the lithium salt in the electrolyte salt contributes to the mechanism
of the electrochemical reaction, while particle dimensions determine the capacity

stability during continuous cycling, as well as the surface reactivity of oxide electrodes.

B nHemHo BpemMe HUKEN — MAaHTaHOBUTE OKCUAM C ACPHUIMT Ha HATPHUH CbC
CJIOECT THI CTPYKTypa ca OT IoJIIM MHTEpPEC KATO €JIEKTPOJHU MaTepHalid, KakTo 3a
JUTHEBO-, TaKa W 3a HATPUEBO — MOHHU OaTepuu, Thil KAaTO T€ ca B ChCTOSTHUE A
WHTEPKAIUPAT JUTHEBU U HATPUEBU MOHU 0OpaTUMO MIPH pa3IMYHU KOHIIEHTparuu. B
HACTOSIILIOTO M3CJIEJIBAHE CAa OLEHEHU e(EeKTUTe OT pa3MepuTe Ha YacTULUTE U
CIIEKTPOJIMTHATA COJl BbPXY HHTEpKanannoHHuTe cBoicTBa Ha NazisNiosMnosO2 ¢ P3-
THII CTPYKTYpa. Mopdonorusita va Hacmoenute NazsNiosMnosO2 okcunu Bapupa, upe3
NpOMsIHA Ha BHJIA Ha M3Mo3BaHus npekypcop: oT Na — Ni — Mn areratu 1o Na — Ni —
Mn cmecenn Hutpato — aneratd. CTpykTypaTa Ha OKCHIHUTE YacTULU U
pasnpeeIeHUeTo UM T0 pa3Mep ca omnpezesieHu ¢ momoinra Ha mnpaxoBa XRD, TEM,

DLS u pentrenoBa ¢oroenekrponHa crekrpockonus (XPS). WuTepkanmamuonHuTe



cBoiictBa Ha Naz3NiosMnosO2 ca u3ciieBaHu B €NEKTPOXUMHUYHU KJIEeTKH cpenry Li
MeTall KaTo aHoj. Karo enexTpoiauTH ca U3MON3BaHM JIBa BUAA JIMTUEBH COJHU
pa3tBopeHu B opranuunu pasrBopu: 1M LiPFs B EC:DMC u 1M LiBF4 8 EC:DMC.
Mexanu3MbT Ha autheBata uaTepkagamus B NazzNiosMnosO2 okcu ce onpeaens Ha
6azata Ha ex-situ XRD, HRTEM u peHTreHOBH (POTOENEKTPOHHU CHEKTPOCKOIICKU
aHaJIM3M. YCTAaHOBEHO €, Y€ JINTHEBAaTa COJl B EJIEKTPOJIMTHATA COJl JOMpPHUHACS 3a
MEXaHW3Ma Ha eJICKTPOXMMHUYHATA PEAKIUs, OKATO pPa3MEpPUTE Ha YaCTHUITUTE
OmpeeNAT CTa0MITHOCTTA HA KallalluTeTa 10 BpPeMe Ha HEMPEKhCHATOTO IHUKIUPAHE,

KaKTO U IIOBbPXHOCTHATA peaKTI/IBOCHOCO6HOCT Ha OKCUIHUTC CIICKTPOOU.

12. “Layered manganese oxide MnsOs as a structural matrix for fast
lithium and magnesium intercalation” Z. Zlatanova, D. Marinova, R. Kukeva,
L. Mihaylov, D. Nihtianova, R. Stoyanova, Journal of Alloys and Compounds,
Volume 851, 15 January 2021, 156706, https://doi.org/10.1016/j.jallcom.2020.156706

Layered MnsOg is considered as low — cost and high — voltage electrode
materials for storing Na* ions in aqueous media. Herein we provide the first report on
the intercalation of Li* and Mg?* ions into layered MnsOsg in non —aqueous electrolytes.
The layered oxide MnsQOg is simply prepared by a thermal decomposition of freshly
precipitated y-MnOOH at 500 °C for a short heating time. The morphology of MnsOsg
consists of well — crystalized nanoparticles with rod — lik e shape. The intercalation
properties of MnsOg are examined galvanostatically in half lithium — ion cells. Two
type of electrolytes are utilized: lithium and magnesium electrolytes containing 1 M
LiPFe in EC:DMC and 0.5 M MgTFSI in diglyme. Because of the layered structure,
specific morphology and mixed oxidation states of manganese ions, layered MnsOsg is
able to intercalate reversibly and in high — amount both Li* and Mg*? ions in lithium
and magnesium electrolytes. In lithium electrolyte, MnsOg exhibits high specific
capacity (about 180 mAh/g at C/20), excellent rate capability (about 120 mAh/g at C1)
and good cycling stability (the Coulombic efficiency more than 99% at C1). The
mechanism of the electrochemical reaction is discussed on the basis of ex — situ HR —

TEM and electron paramagnetic resonance spectroscopy (EPR). The storage capability


https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds/vol/851/suppl/C
https://doi.org/10.1016/j.jallcom.2020.156706

of MnsOs will, most probably, be of significance for understanding the electrochemical

behavior of layered Mn — based oxides in non — queous electrolyte.

Crnoectuar MnsOg okcuj ce cuMTa 3a €NEeKTPOJCH MaTepual ¢ HHUCKa
ccOeCTOWHOCT M BHCOK paOOTCH MOTCHIMAT 3a ChXpaHeHHe Ha Na' HOHU B HEBOJIHA
cpena. ToBa e mbpBaTa IMyOaMKalMs JOKIABalla 3a MHTEpKajanuara Ha Lit u Mg?
fionu B oTiioxkeH MnsOg okcua 1 HeBogHM enekTposuTh. Croectusat MnsOg okcu ce
MIPUTOTBS, Ype3 TEPMUYHO paziaraHe Ha npscHo yraeH Y-MnOOH u Harpsr 3a kpaTko
npu temmneparypa — 500 °C. Mopgonorusta mHa MnsOg ce cbcTom OT J06pe
KpUCTAIM3UPAHN HAHOYACTHUIIN C MPhUKOBHAHA (popMa. IHTepKanalinOHHUTE CBOMCTBA
Ha MnsOg ca u3ciieIBaHy TAJIBAHOCTATUYHO B T.H. ITOJIOBUH JIUTHEBO — HOHHA KIIETKA.
M3noms3Bar ce ABa BHUJAa ENEKTPOJIMTH - JIMTUEBH M MAarHe3WEBH EJIEKTPOJIUTH,
ceabpxkan 1 M LiPFe 8 EC:DMC u 0,5 M MgTFSI B aurnum. Ilopagu cioecrara
CTpYKTypa, crnenuduunara MopdoJIoTUs U CMECEHUTE CTEICHW Ha OKHCIICHHE Ha
MaHTaHOBHUTE HOHH, cIIoeCTHIT MnsOg OKCHI € B CBHCTOSIHHE J1a C€ WHTEpKaIHpa
00paTUMO IpH BUCOKA KOHIEHTpanus Ha Li* 1 Mg*? lioHn B IMTHEBUTE ¥ MarHe3UEBHTE
enekTponut. B nuTHeBus enektpoauT MnsOg mposiBIBa BHUCOK —crienupuyueH
karmanurtet (oxono 180 mAh/g mpu C/20), ornudHa ckopocT 3a IUKBA (okoio 120
mAh/g npu C1) u nobpa nuknuuna crabunHoct (KynoHoBaTta epeKTUBHOCT IOBEYE OT
99% nipu C1). MexaHU3MBT Ha CIICKTPOXMMHYHATA PEAKIIUs CE U3CIIeIBa, Upe3 eX — Situ
HR-TEM u cnoekrtpockonuss ¢ €JIeKTpOHEeH mnapamaruuteH pe3oHanc (EPR).
Bb3MoxHOCTTa 32 cbhxpaHeHue Ha eHeprust B MnsOg okcua BeposiTHO 1€ Obae OT
3HAaYEHUE 32 pa30MPaHETO Ha EJICKTPOXUMUYHOTO TMOBEJICEHNE HA CIIO0ECTUTE OKCUIU Ha

OCHOBaTa Ha Mn B HEBOJICH CJIICKTPOJIUT.

13. “Characterization of none and yttrium-modified Ni-based catalysts
for dry reforming of methane” Sonia Damyanova, Iskra Shtereva, Barbara
Pawelec, Lyuben Mihaylov, Jose Luis G. Fierro, Applied Catalysis B:
Environmental, Volume 278, 5 December 2020, 119335,
https://doi.org/10.1016/j.apcath.2020.119335


https://www.sciencedirect.com/journal/applied-catalysis-b-environmental/vol/278/suppl/C
https://doi.org/10.1016/j.apcatb.2020.119335

Monometallic and bimetallic RhNi catalysts supported on y-alumina and yttria-
modified alumina were developed. The relation between the support kind, the structure
and catalytic properties of the catalysts in dry reforming of methane was studied by
using different techniques such as: N2 isotherms, UV — vis DRS, XRD, TPD - NHs,
TPR - H2, XPS and HRTEM. Variation in the electronic environment of the nickel,
rhodium and yttrium atoms as a function of the catalyst pretreatment and support kind
was observed. It was shown that the couple pairs of Ni° /Ni" and/or Rh° /Rh™ act as
active sites. The difference in the catalytic behaviors of catalysts was connected with
the distribution of metal particles. Y — loaded monometallic Ni catalyst showed higher
activity and stability than alumina supported Ni due to the proximity of nickel to yttrium
oxide species expressed by the increase of metal dispersity. The close contact between
Rh and Ni leaded to better catalytic behavior of bimetallic RhNi/Al catalyst due to the
better reducibility of nickel oxide species and homogeneous distribution of the particles

with average diameter size of ~ 5 nm.

Pa3paborenn ca moHometannu u OuMeranHu RhNi karamuzaropu, HaHeceHU
BBPXY Y-alyMHUHHEB OKCHJ U MOAM(PUIIMPAH C UTPHUA aTyMHHHEB OKCHIA. Bpb3kaTa
MEX /Ty BHJIa HA HOCUTEIISA, CTPYKTypaTa U KaTATUTUYHUTE CBONCTBA HA KaTATH3aTOPUTE
mpu npeoOpa3yBaHe HA METaH € M3CIIe[BaHa, Ype3 M3IOJI3BAaHE HAa PA3IUYHU TEXHUKHU
karo: N2 m3orepmu, UV — vis DRS, XRD, TPD - NHs, TPR - Hz, XPS u HRTEM.
HaGuroaBa ce Bapuaius B €JICKTpOHHATA Cpejla Ha aTOMUTE Ha HUKEJ, POJIUN U UTPUH
Kato (YHKIHMS Ha MpeaBapuTenHaTa o0paboTKa Ha KaTalnu3aTopa 1 BUa Ha HOCUTEJIS.
Beme mokazano, ye asoitkute Ni° /Ni™ w/mmum Rh® /Rh™ neifcTBaT KaTo akTHBHHU
1eHTpoBe. Pasnukara B KaTAIMTUYHUTE CBOWMCTBA HA KATAlIM3aTOPHUTE € CBbP3aHa C
pasnpeneneHueTo Ha MeTamHuTe dactuiu. Jlo6aBsHeTo Ha Y kbM Ni KartaiumzaTop,
MoKa3Ba MO0 — BHCOKAa aKTUBHOCT M CTaOMJIHOCT OT uucTHs NI, HaHEceH BBPXY
QTYMUHHUEB OKCHJI, TOpan OJIM30CTTa HA HUKEIOBUTE YACTHUKH JIO Te3H Ha UTPUCBUS
OKCHJI, U3Pa3eHO 4pe3 yBelIMYaBaHE Ha JMCIICPCHOCTTa Ha MeTaja. TeCHHUST KOHTAKT

Mexay Rh u Ni moBexnaa 1o mo-mo0po KaTalUTHYHO TMOBEIEHWE HAa OMMETaTHUs



RhNi/Al xaTanuzaTop mopaau mo — 100poTo penynupaHe Ha BUIOBETE HUKEIOB OKCH]L
¥ XOMOT€HHOTO pasIpe/iesieHIe Ha YaCTHLIUTE ChC CPElICH pa3Mep Ha AUaMeThpa OKOJIO

5nm.

14. “Acceleration effect of copper(ll) ions on the rate of citrate
synthesis of gold nanoparticles” Peter Georgiev, Silviya Simeonova, Alexander
Chanachev, Lyuben Mihaylov, Diana Nihtianova, Konstantin Balashev, Colloids
and Surfaces A: Physicochem. Eng. Aspects 494 (2016) 39-48,
http://dx.doi.org/10.1016/j.colsurfa.2015.12.031

The gold nanoparticles (GNPs) were obtained by modification of the classical
Turkevich citrate method by the addition of copper (Il) ions in the initial reaction
mixture. We studied the kinetics of the nanoparticles growth with or without copper (11)
ions, synthesized at two different temperatures. The Kkinetic curves obtained by means
of UV-vis spectroscopy from the plasmon maxima demonstrated the acceleration
effects of the copper (I1) ions on nucleation and growth of the GNPs. These effects were
also confirmed from the Atomic Force Microscope (AFM) imaging data where the AFM
was applied as a tool for studying the kinetics of the GNPs’ growth. From the analysis
of AFM images in the course of the synthesis process were obtained the sizes (i.e.,
diameters) of the GNPs and the GNPs’ growth profiles were fitted with the Finke—
Watzky (F — W) kinetic model. From the experimental data and the theoretical fits we
found that the citrate reduction of the tetrachloroauric acid was accelerated by the
addition of copper (1) ions as well as the GNPs’ growth was accelerated following the
F — W kinetics model. Using Transmission Electron Microscopy (TEM) we compared
the morphology and the size distribution of the nanoparticles synthesized by the citrate
method with or without copper (I1) ions. The results showed that the addition of copper
(1) ions in the initial reaction mixture of the Turkevich citrate synthesis let to
acceleration of both the nucleation and the growth processes following the F — W kinetic

model.



3natan HaHoyactuny (GNP) ca momydenu, upe3 Mmoaudukaus Ha KIaCHIECKUs
uTpareH metoa Ha TypkeBud, upe3 nobassHe Ha Meauu (I1) ionu B mbpBOHauUaIHATA
peakunoHHa cMmec. M3cneaBana e KUHETHKaTa Ha pacTeX Ha HAHOYACTULIUTE ChC U 0e3
meanu (II) onu, cuHTe3upanu MpH ABE pa3IuyHu Temrneparypu. OT MaKCUMyMUTE Ha
KMHETUYHUTE KpHUBH, monydeHu upe3 UV-vis chnekTpockonus ce HabIo1aBa
yckopenusi epekt Ha menuute (II) Hionn BBpXy peAykiusTa Ha 3JaTHUTE HOHU U
pactexa Ha GNPS. EdekTbT ce nmoTBbpxkAaBa OT MOJYYECHUTE TaHHU U U300pakKeHUs
OT aTOMHO — cujioBUsi MUKpockon ( AFM ), kpieTo € u3MoJi3BaH KaTO HHCTPYMEHT 3a
u3clie/IBaHe KWHETHMKAaTa Ha pacTtexka Ha HaHouyactuiure. Or AFM ananuza u
MOJIyYEHUTE H300paKeHMsITAa HANpaBeHHM B HA4YaJlOTO HA CHUHTE3a, ca OIpeAesIeHU
pasmepute (1.e. nuamerpure) Ha GNPS, kaTo 3a ompenensiHe Ha TEXHHS PACTEXK €
W3MOJI3BaH KMHeTH4YHUsS Mojnen Ha Finke — Watzky (F — W). ExcnepuMeHTamHuTe
JaHHU W TEOPETHUYHUTE ChHBIIAJCHUA I[IOKa3BaT, ue€ LHUTpaTHaTa PEAYKIUS Ha
TeTpaxJiop3jaTHaTa KHCEIHWHA ce YCKOopsiBa, upe3 nobaBsHe Ha meanu (II) ionwm.
YckopsiBa ce u pactexbT Ha GNPs crnenBaiiku momena Ha Finke — Watzky.
M3non3Baiiku TpaHCMHUCHOHHA elekTpoHHa Mukpockonuss (TEM), e ycraHoBeHa
Mopoorusita U paznpeneIeHUeTo Ha pa3Mepa Ha HAaHOYACTHUIUTE, CUHTE3UPAHU T10
nuTpatHus Meton cbe u 6e3 menuu (1) onu. Pesynratute mokassart, ye 100aBSIHETO
Ha meaaHu (II) ioHn B mbpBOHAYAIHATA PEAKIIMOHHA CMEC Ha IUTPATHUS CUHTE3 (CUHTE3
Ha TypkeBuu) BOAM 10 Obp3a pEAyKIMATa Ha 3JIATHUTC HOHHM, KOETO YCKOPSBa

HU3PACTBAHCTO HA 3JIaTHUTC HAHOYACTHIIH, CﬂeﬂBaﬁKH CIIOMCHAaTUusA KHMHCTUYECH MO/JCII.

15. “Kinetic study of gold nanoparticles synthesized in the presence of
chitosan and citric acid” Silviya Simeonova, Peter Georgiev, Kai S. Exner,
Lyuben Mihaylov, Diana Nihtianova, Kaloian Koynov, Konstantin Balashev,
Colloids and Surfaces A, Volume 557, 20 November 2018, Pages 106-115,
https://doi.org/10.1016/j.colsurfa.2018.02.045

In this work colloidal gold nanoparticles (GNPs) are prepared using a citrate-
reduction route, in which citric acid serves as reductive agent for the gold precursor

HAuUCIls. We demonstrate that a temperature variation on the one hand enables to tune
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the reaction rate of GNP formation and on the other hand allows modifying the
morphology of the resulting metal nanoparticles. The use of chitosan, a biocompatible
and biodegradable polymer with a multitude of functional amino and hydroxyl groups,
facilitates the simultaneous synthesis and surface modification of GNPs in one pot. The
resulting GNPs, which are stabilized by a network of chitosan and B-ketoglutaric acid
units, are characterized by UV — vis spectroscopy, atomic force microscopy (AFM),
transmission electron microscopy (TEM) as well as fluorescence correlation
spectroscopy (FCS) and reveal an average diameter of about 10 nm at the end of the
synthesis. The kinetics of GNP formation is studied by calculating T activation
parameters based on UV — vis and AFM data such as the apparent activation energy,
entropy and free energy applying the concept of the Finke — Watzky model and

harmonic transition state theory.

Konougnu 3nmatHm Hanoudactuiin (GNP) ca momydeHM 1o IUTpaTHO —
PEAYKIMOHEH ITbT, IPU KOWTO JTUMOHEHATA KUCEINHA CITYXKH KaTo peIyKTOp 3a 3J1aTHUS
npexkypcop HAuCl4. YcranoBeHo, e 4e mpoMsiHaTa Ha TeMIepaTypaTa OT €Ha CTpaHa
MO3BOJISIBA Ja C€ OMNpejenn ckopocTra Ha obpa3dyBane Ha GNP u or apyra crpana
M03BOJIsIBA MOAU(UIIMPaHEe HA MOP(OJIOTUATA HA TTOTYUYEHUTE METATHU HAaHOYACTHUIIH.
W3non3BaHeTo Ha XUTO3aH, OMOCHBMECTUM M OHMOPA3rpaguM MOJUMEP C MHOKECTBO
(YHKIMOHAIHA aMUHO M XUIPOKCUIIHU TPYIH, YIIECHSABA €THOBPEMEHHHS CHUHTE3 U
noBbpxHOcTHaTa Moupukarus Ha GNP B enun u cwim cba. [lonydennre GNP, kouto
ca CTa0WIM3UpaHM C Mpeka OT XWUTO3aH U [-KeToriyrapoBa KuCElIHMHA, ca
oxapakrepusupanu ¢ UV-vis ClIeKTpOCKOMH s, aTOMHO — cujioBa Mukpockomnus (AFM),
TpaHCMHCHOHHA enekTpoHHa Mukpockornuss (TEM), kakTto #  KopenalnuoHHa
¢bayopecuentHa cnektpockonus (FCS). Ouenenust B kpast Ha CUHTE3a CpeieH pa3Mep
Ha yactuuute € oT okoio 10 nm. Kunetukara Ha oOpasyBaneto Ha GNP e onpenenena,
4ype3 U3YMCISBaHE Ha MapaMeTpuTe OT nojydeHute aanHu ot UV - vis u AFM, karo
NpUBHIHATA AKTUBAI[MOHHA E€HEPrus, EHTPONUSATa M CBOOOJHATA EHEPrus, KaTo ce
u3non3ea moxaena Ha Finke - Watzky u Teopusara Ha XapMOHMYHOTO NPEXOJHO

CBbCTOAHUC.
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We proposed a novel method for studying the kinetics of synthesis of gold
nanoparticles (GNPs) at the air/water interface. In this approach an insoluble monolayer
of 4-hexadecylaniline (HDA) served as a reducing agent of tetrachloroauric acid
dissolved in the liquid subphase of the monolayer. The GNPs were transferred by means
of Langmuir — Blodgett (LB) method on mica or copper grids for Atomic Force
Microscopy (AFM) and Transmission Electron Microscopy (TEM) analysis. The data
from the two imaging methods were compared and discussed. We also obtained kinetic
data for the evolution of the GNPs’ size in time from the analysis of LB films transferred

in the course of GNPs’ synthesis at the air/water interface.

[IpenyoxkeH e HOB METOJ 3a M3CIeBaHEe HAa KMHETUKATa 3a CHHTE3 Ha 3JIaTHU
Hanoyactuiin (GNP) Ha (a3oBata rpanuna Bb3Ayx/Boma. [lpum To3m moaxon
HEpa3TBOPUM MOHOCHONW oT 4 — xekcageuwilanuwind (HDA), koWTo ciyXu KaTto
peaylMpalll areHT Ha TeTpaxJiop3fiaTHA KUCEeINHA, pa3TBOpPEeHa B TeuHaTta mnojdasa Ha
MOHOCIIOS. 37aTHUTE HAHOYACTHIIM Ca MPEXBBHPJICHH, 4pe3 Meroaa Ha Langmuir —
Blodgett (LB) Bbpxy cirofa WM MEIHH MPEXHYKHA 3a aHAJIU3 ¢ aTOMHO — CHJIOBa
Mukpockonus (AFM) u TpancMmucuonna enekrponHa mukpockonus (TEM). JlanuuTe
OT J1BaTa 00pa3Hu METO/1a ca CpaBHEHU U 00chaeHH. [loaydeHn ca KWHETHYHU TaHHH 32
pacTexa M pa3Mepa Ha TIOJTyYCHUTE HAHOYACTHIIA BB BPEMETO OT aHanu3a Ha LB - Te

¢unMu, MpexBbPIICHU B X0/1a HA CUHTE3a Ha (pa3oBaTa rpaHUIlA Bb31yX/BOAA.
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Despite the known limitations of cisplatin chemotherapy, the treatment of cancer
by platinum — based drugs remains the method of choice for many oncologists. The
advancement in drug delivery formulations and protocols of combined treatments
provided effective tools to ameliorate the side effects of platinum-based therapies.
Another approach to improve the pharmacological profiles of anticancer platinum drugs
is to properly modify their structure and composition, which has produced numerous
platinum complexes with improved therapeutic effect. Recently, we have demonstrated
the strong anticancer potency of supramolecular nanocapsules that form by self-
assembly of four bis — anthracene ligands with two metal ions, either Pt(I1) or Pd(ll).
Herein, we focus our study on the Pt(ll) nanocapsule and its uptake by two types of
cancer cells, suspension cultures of HL — 60 cells and the adherent cancer cells HT-29.
Comparison of the platinum uptake by cancer cells treated with the nanocapsule and
with cisplatin evidenced superior uptake of platinum caused by the nanocapsule, which
in HT — 29 and HL — 60 cells prevails by 21 and 31 times, respectively. Morphological
changes in the HL — 60 cells induced by the Pt(Il) nanocapsule were studied by
transmission electron microscopy (TEM) which provided plausible explanation of the
uptake results. These data corroborate also with the known nanocapsule's very high
cytotoxicity, better selectivity, and lack of cross — resistance  with cisplatin.
Additionally, our estimations of the drug — drug interactions in combined treatments
established the propensity of the nanocapsule to exert supra-additive cytotoxicity in
combination with cisplatin against the bladder cancer T — 24 cells. All these findings
define the scope for more detailed pharmacological characterization of the presented

Pt(11) nanocapsule.
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Bbropekn H3BECTHHTE OrpaHMYEHUs HA XUMHUOTEpANMATAa C LUCIUIATHUHA,
JICYEHHUETO Ha paK C JeKapcTBa HAa OCHOBATa Ha IJIaTHHA € U300p 32 MHOTO OHKOJIO3H.
HampenskbT BB (OpPMYIMPOBKHUTE 3a JOCTABSIHE Ha JIEKapcTBa M IPOTOKOJIUTE 3a
KOMOMHHMPAHO JIeUEHUE MPEeAOoCTaBsd €PEKTUBHM HHCTPYMEHTH 3a OOJIeKYaBaHE Ha
CTpaHWYHUTE €QEeKTH OT Tepanuure, OazupaHu Ha IUlaTHHA. Jpyr mnoaxonx 3a
nonoOpsisane Ha (apMakoJIOTHYHUTE NPOGUIM HA MPOTUBOPAKOBUTE IJIATUHOBU
JIEKapCcTBa € MPaBWJIHOTO MOAU(DUIMPAHE HA TSAXHATa CTPYKTypa U ChCTaB, KOETO €
MIPOU3BEJI0 MHOYECTBO IJIATUHOBH KOMIUIEKCH C MOAOOPEH TepaneBTHuYeH edekT. B
Hallla CKOpOIIHA NyOJMKalus € JJAOKIaJBaH CUJIHHUSAT MPOTUBOPAKOB e(dexT Ha
CyNpaMoOJIEKYJTHH HaHOKAINCyJu, KOUTO ce oOpa3yBaT, 4pe3 CaMOOpraHu3MpaHe Ha
YeTUpH OMC — aHTPaIlEeHOBU JMTaHau ¢ ABa MeTayiHu HoHa, Pt(Il) wmm Pd(I1). Tyk Hue
(dbokycupaMe HaieTo uscienBaHe BbpXxy HaHokarcysnaTta Pt(Il) u HeitHOoTO ycBOsIBaHe
OT JBa BHUJA PAKOBU KJIETKH, CYCHEH3HMOHHH KyiaTypu oTr HL — 60 kierku u
arnomepupanu pakoBu knetkn HT-29. [Ipu cpaBHeHHETO CE YCTaHOBH, Y€ YCBOSBAHETO
Ha IUIATHHA OT PAaKOBUTE KIETKH, TPETHPAHHW C HAHOKAICYyJaTa M IUCIIIATUHATA,
M0OKa3Ba BHUCOKA YCBOSIEMOCT Ha IUIaTMHATa OT HAHOKAICyJiara, NpH KOETO
koHneHTpauusita u B kiaetkure HT — 29 u HL — 60 e crorBetHo 21 u 31 mbTH.
Mopdonoruunure npomenn B HL-60 knerkute, npuunaenn ot Pt(Il) nanokancyna, ca
U3Cle[IBAaHU 4Ype3 TPAHCMUCUOHHA enekTpoHHa wmukpockonus (TEM), xkoero
MPEeI0CTaBU NMPaBA0No100HO 00sICHEHHE Ha Pe3yATaTUTE OT MOTTbIIaHeTo. Te3u JaHHU
MOTBbPXAKAABAaT U MHOT'O BHCOKaTa HUTOTOKCHUYHOCT, MO — Jo0OpaTa CEeNeKTUBHOCT U
JMIICaTa Ha KPbCTOCAHA PE3UCTEHTHOCT HAa HAHOKAIICyJaTa 3a€JHO C LUCIIJIaTUHATA.
OcBeH TOBa, OT OLICHKUTE IpPU B3aUMOJECHCTBUETO ,,JIEKAPCTBO — JIEKApCTBO,, NpHU
KOMOMHHUPAHU JIEUEHUs YCTAaHOBHXAa CKJIOHHOCTTAa Ha HaHOKarcyjaTa Ja YInpaXHsBa
Cynpa — aJuWTHUBHA MHUTOTOKCHUYHOCT B KOMOWHAIMS C LUCIUIaTHHA cpemry T-24
KJIIETKUTE Ha paK Ha NUKOYHUSA MeXyp. Bcuuku Te3m OTKpuTHs crnomaraT 3a
no — mnoapoOHa QapMakoloruyHa xapakTepucTuka Ha mnpencrtaBenata Pt (II)

HaHOKaIICYJIA.



