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KATAJITHYHI BJACTUBOCTI CUHTETUYHOI'O
T'AYCMAHITY B PEAKIII PO3KIAJAHHSA O30HY

CunrezoBano 3pasku IS-Mn i IIS-Mn, saxi oxapakrepu3oBaHi wmetogamu PODA,
IY-crextpockomii ta pH-merpii. Metomom P®A BcraHOBIEHO, 1m0 00WABAa 3pasku €
KpucTaniqHuMu i MoHO(asHumu: IS-Mn mictute ¢pasy Mn,O, a spasok 1IS-Mn — Mn,O,.
CHexkTpu CHHTE30BaHMX 3pa3KiB OCOOIHMBO BIAPI3HAIOTHCS B 00IACTi BAJICHTHUX KOJHBAaHb
Mn-OH i Mn-O. BcraHoBieHO, MO OTpPHMaHi 3pa3KH XapaKTEPU3YIOTHCS PI3HUMH
sHauennamu pH cycnensii: Mn,O, gopmye myxne cepenopume, a Mn,O, — cabkoKucIe.
TecTyBaHHS 3pa3KiB B peakiii po3KJIaJaHHSI 030HY ITOKa3ano, II0 aKTUBHICTH TayCMaHITY
3HAYHO BHUIIA HIX U OiKCOiiTY.

KurouoBi ciioBa: raycmadirt, OikcOiiT, Gpa3oBuii CKiam, po3KiIagaHHS 030HY.

["aycmaniT (mpupoaHuii MiHepai) HanexuTh 10 3Mimmanux Mn(I111)/Mn(Il) okcunis
(Mn,0,), mae cTpykTypy MmiHeni 3 kaTioHaMmu Mn*" B TeTpaeapuuHiil KoopauHaii
ta KatioHamu Mn*" B okraempuuHiii koopauHarii [1]. Meroau CHHTE3y raycMaHiTy
€ JOCUTh pi3HOMaHiTHUMH: BigHOBIeHHs KMnO, B mpucyTHOCTI cTabinisaTopis [2,
3]; 3omb-renib MeTon [4]; TepMiuHa TpaHchopmariis (pazoBa Tpanchopmartis) [5, 6];
OCaUKEHHSI 3 MOJAIBIINM OKUCHEHHAM ocaxy Mn(OH), mepokcumom Boamto 7, 8] abo
kucHeM ToBiTps [9, 10]. MeTon OKHMCHEHHS 0Cajy TaKoX BHKOPHCTOBYHOTH ISl CHH-
Te3y Giprecity [11, 12]. B 3B’s3Ky 3 MM BHHHKA€ MpoOIeMa OTPUMAHHS YHCTHX (a3
1 YHUKHEHHS ()OpMYBaHHS rayCMaHITY Iijl yac CHHTe3y OipHeciTy, abo HaBmaku. B pobori
[13] obroBoproroThcs nuIsixu (opMyBaHHS OIpHECITY Ta rayCMaHITY i YaC OKUCHEHHS
ocaxy Mn(OH), kucHem noBiTps. ['aycMaHIT yTBOPIOEThCS GE3MOCEPEHBO Ta MOKE
TpacopmyBaTHCs B OipHECIT 3a JIMITYIOYOK CTa/Ii€l0, TOMy B 0araThbOX BHIaJKaX
CHHTE3 OIpHECITY € TOBrOTpUBAINM IporiecoM [ 14, 15]. OueBuaHO, MOIKHO TIPUITYCTUTH,
IO JJIS1 OTPUMAHHS YHCTOI a3y rayCMaHiTy Tpebda MPUCKOPUTH OKUCHEHHS CYCIeH3ii
Mn(OH),, mo Ha Hamry QyMKy, MOXE CTaTHCS 3aBISKH ONTHMi3allii yMOB CHUHTE3y Ta
BUKOPHCTAHHS B SIKOCTI OKHCHHKA 030HY.

["aycmaHiT Mae pi3HOIUTAHOBE 3aCTOCYBAHHS, ajie B IKOCTI KaTaiizaTopa Horo Okl
3a BCE BUKOPUCTOBYIOTh B PEAKIIISIX OPTaHIYHOTO CUHTE3Y, B IPOIIECax OUUCTKU MOBITPS
Big gopmanpaeriny ta NO, a Takox nerpaiamnii a300apBHHUKIB B po3uuHi [5, 16, 17].
B peaxmii po3kiaaHHs 030HY cepesi OKCHIHUX (popM MaHTaHy HAHOIBII AETAIBHO J10-
crimkeni a, B, v, 6-MnO, [18].

MeTa poOOTH — OTPUMATH TayCMaHIT METOJIOM OKHCHEHHS 030HOM Ta JIOCIITUTH HOTO
KaTaJITHYHI BIACTHBOCTI B peakiii ra30()a3HOro0 HU3bKOTEMIIEPATYPHOTO PO3KIIaaHHS
030HY.

6 DOTI: https://doi.org/10.18524/2304-0947.2021.1 (77).226025
© A.C. Tpy0a, T.JI. Pakurcbka, 2021



Kamanimuuni enacmugocmi cunmemuyno20 2aycmManimy 6 peakyii po3kiaoanis 0301y

METOAUKA EKCIIEPUMEHTY

Cunmes Mn O,

Po3uunn 35 r KOH y 200 mu1 xomnoauHoi Bogu togasanu 1o po3unny 30 r MnSO,-H,0
y 200 M Bogu. OTpuMaHy CyCIEH3il0 NOMILIaJId B APEKCEeIb 1 MPOIYCKAIH O30HO-
MOBITPSIHY CyMilll 3 06’ €MHOI0 BUTPaToro | JI/XB 3 KOHIIeHTpariero 0300y 100 mr/m® npu
T = 18°C npotsirom 4 rog.

Otpumanuii ocaz GiIbTPyBaIy, MPOMUBAIHM Ta MPOCYIIYBAJIN MIPU KIMHATHIN TeM-
neparypi npotsiroM go0u (3pasok IS-Mn). 3pazok [S-Mn npoxaproBanu npu 600 °C
npotsiroM 4 roguH (3pa3ok 11S-Mn).

Penmeenogazose oocniosxcennsa 3pa3KiB BAKOHAHO HA MOPOIIKOBOMY AH(paKkToMe-
tpi Siemens D500 B Minnomy Bunpomintosanni (CuK (A =1,54178 A)), 3 rpaditoBum
MOHOXpPOMAaTOpPOM Ha BTOPMHHOMY IY4YKY. 3pa30K Miclis PO3TUPAHHS B CTYIILI PO3Mi-
[IyBaJIH B CKJSIHY KIOBETY 3 po6ounm 06’emom 2x1x0,1 cm® muist peectpartii tudpaxro-
rpamu. udpakrorpama oTpumMana B iHTepBaui KyTiB 10°<26<70° 3 kpokom 0,03° Ta
4acoM HakKOMMUYEHHS 60 CeKyH] y KOXKHIH TOUIIi.

14 cnexmpu 3pa3kiB, npecoBaHux B Tabnerku 3 KBr, peecTpyBanu 3a 10MOMOTO0
cnekrpodoromerpa Perkin Elmer Spectrum BX FT-IR System (400—4000 cm™) i3 criek-
TPaJIBLHOIO PO3ALIBHOIO 3MATHICTIO 4 cM™!.

IIpomonimuuni énacmusocmi 3pa3KiB AOCTKyBanu MetogoM pH-metpii. 3a ymoBu
0e3nepepBHOro NepeMilllyBaHHS B CKIISTHKY 3 JUCTHIILOBAHOIO BOot0 (20 mur) momaBa-
JIM HaBaXKy 3paska macoro 0,2 r. BumiproBannsi pH cycnensii 3aiiicHIOBaIu 3a 10T0-
mororo npunaay pH-340 3i ckigauMm enextponom Mapku ICJI 43—07 ta xsnopcpiOHUM
enexkrpoaoM mapku DBJI IM3.

Bennuuny cycnensiiinoro epexry (ApH,) pospaxoByBanu 3a piBHSAHHAM:

ApH =pH_-pH, (1)

ne pH,, pH_ — 3nauenns pH cycnensii, siki BumiproBanu 4epes 15 ¢ Ta micnist 10CArHeH-
Hs pIBHOBAry, BiMOBITHO.

Memoouxa mecmyeanms 3pasKie 6 peaxyii posxaaoants 0301y. O30HO-TIOBITPSIHY Cy-
mim (OI1C) 13 3a1aHO00 KOHIICHTPAIIEI0 030HY OTPUMYBaJH B 030HaTOpi Mapku I1'-1111
JI€I0 TUXOTO ENIEKTPUYHOTO PO3psiny Ha KuceHb moBiTps. Ilomauy OIIC perymoBanu
3a mokaszaHHsMU peomerpa. BimnocHa Bonoricte OIIC cranoBuna 72%. IlouaTkoBy
(C5,) 1 kiHteBy (Cy, ) KoHUEHTpauii 030HY B AianasoHi Bix 1 10 1000 mr/m® aHanisyBanu
3a JIOTIOMOTOI0 ONTUYHOTO ra3zoaHaiizatopa (Moaenb «LIMKIoH-peBepe») 3 MEKEI0 BH-
seierss 0,1 mr/v3.

Kinetnky po3knagaHus 030Hy 3paskamu IS-Mn i IIS-Mn BuBYanm B mMpoTOUHiH 32
razoMm TepmocrtaroBaHiid (20 °C) ycTaHOBII MpH CTaJIUX YMOBax (PO3MipH peakTopa,
niniiiHa mBuakicte OIIC), koMK BIIMBOM MaKpOKIHCTMYHHUX (DAKTOPIB Ha MIBUIKICTD
peakiiii MO)KHa 3HEXTYBaTH.

AKTHUBHICTB 3pa3KiB OI[iHIOBAJIM 32 TAKUMH NTapaMETPaMu:
— KoHcmanma weuoxkocmi peakuii nepmoro nopsanky (k) 3a yacom HamiBmepe-
TBOPEHHS 030HY (T, ,):

12

k=069 ¢ )
T




A. C. Tpyba, T.JI. Pakumcoka

— Oocniona kinbkicms 0301y (Q, ,, Mosb O,) Ha Yac HaNiBIEPETBOPEHHS 030HY, PO3-
pPaxyHOK $IKOi 3IMCHIOBANM TO TUTOII BiIMOBITHUX O30HOTPaM, IMOOYTOBaHUX
B KoopauHarax ACg, - T.

PE3YJBTATH TA iIX OBTOBOPEHHSA

Daszosuii cknao. Ha puc. 1 npeacrasieHi qudpakrorpamu, siKi MiATBEPIKYIOTh, 1110

cuHTe30BaHi 3pa3ku [S-Mn (a) i [IS-Mn (6), € kpuctamiyaumu. 3a MeTooM PiTBenbaa
3aificHeHo ifmeHTHdiKamiio (Ga30BOro CKiIagy, BU3HAUCHO MapaMeTPU KPHCTATIuHOI
IpaTKy Ta po3MipH KpUCTaiTiB (Tadi. 1). BctanoBneHo, mo o0u1Ba 3pa3ku € MOHO(Da3-
HUMH. 3pa3ok [S-Mn MicTute ¢asy raycMaHiTy 3 napamMeTpaMu KpUCTaiuHOi rpaTku
TETPAroOHAIbHOT CUMETPIl, AKi BiINOBIIAIOTH CTaHAAPTHOMY 3pazky Mn,O, (a = 5,762 A,
¢ = 9,469 A) [JPCDS24-0734]. Po3mip KpucTamiTis cknanae 43 HM i e B Mexkax Bi-
JIOMHUX pe3ynbTaTiB. Tak, HAPUKIAJ, PO3Mip KPUCTAJITIB TayCMaHiTy, CHHTE30BaHOTO
METOJIOM OCAJKECHHS B IPUCYTHOCTI TOBEPXHEBO-aKTUBHUX PEUOBHH, CTAHOBHUTH 35 HM
[19], a 30mb-renem metogoMm — 56,6 uMm [4].
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Puc. 1. ludppakrorpamu 3paskis Mn,0, (a) i Mn,O, (6)

Fig. 1. X-ray diffraction patterns of Mn,0, (@) and Mn,O; (6)

Tabmurs 1
®a30BuUil CKJIAJ | CTPYKTYPHI XapaKTepUCTHKH CHHTE30BaHUX 3Pa3KiB

Table 1

Phase composition and structural characteristics of the synthesized samples

Ipasoxk Daza Bwmict (]:am, IMapameTrpu rpaTku P031\.4i!)
mac,% A) KpHCTAJiTIB, HM
Mn,O a=15,76216
- 374 >
1S-Mn Hausmannite 100,0 c=9,43150 43
11S-Mn Mn,0, 100,0 a=9.40736 66
Bixbyite
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3pasok [IS-Mn, skuii OTpuMaHO MpokaproBaHHAM 3paska Mn,O, nporsrom 4 rogun
y TOBiTpsiHOMY cepenoBuii 3a ymoBu 600 °C, mictuth (asy 6ikcoiity Mn,O, 3 Ky6iu-
HOIO KPUCTAJIIYHOIO IPATKOIO, TTAPAMETP SAKOI BIANOBIJa€ CTaHAapPTHOMY 3pasKy Mn, O,
[JPCDS24-0508] (Tabm. 1).

SIKI0 B3SITH 710 yBard BiJJoMy CXeMy TEPMIYHOTO mepeTBopeHHs [20]

525°C 925°C 1180°C

(X-MI'IOQ LSOOC) B-MI'IOQ EEm— B-Ml’l203 e B-MI’I304—) 'Y-MI]304,

10 mosiBa (asu Mn,O, mix yac npoxaprosanus Mn,O, Oyze He 3po3yminoro. Ae 'y pasi
3IIACHEHHSI ITI€T TPOLIEAYPH B KHCHEBMICHOMY cepeoBuIli 3a yMoBH 560 °C aBTop [1]
criocTepirainy HacTynmHui (a3oBUi mepexis

560°C
4Mn,0, + 0, ——— 6Mn,0,, 3)

3a SIKUM BiZOyBa€ThCs OKHUCHEHHS TeTpaeapuvHoro Mn?' Ta mepexiJ MImiHEeIbHOT
CTPYKTYPH rayCMaHiTy B KyOI4HY CTPYKTYpy OIKCOIiTY.

IY-cnekmpanoui xapakmepucmuxu. Ha puc. 2 TpeacTaBlIeHO CHEKTPU 3pa3KiB
Mn,O, (a) Ta Mn,O, (6) B obnacTi BaseHTHHX KoauBaHb Mn-OH i Mn-O. Buano, mo
CHEKTPU LHMX 3pasKiB Bipi3HsAtoThCA. i raycManity (puc. 2a) YiTKO BUSBISIOTHCS
cMyra norHaHHs 11t Mn®>* B T d—Koopz[I/IHaui'l' npu 631 cm! Ta CMyTH TOTIIHHAHHS TSI
Mn?*' B Oh—KOOpI[I/IHaHﬁ mpu 523 1407 cm!. BanentHi konuBanHs Mn-OH BHSBISIOTHCS
mpu 860 cm!. I1i pe3ynbTati KOPEIIOIOTh 3 YUCCIbHUMU JIITCPATyPHUMU JTaHUMU IS
rayCMaHiTy, OTPUMAHOro pisHUMHU criocobamu [19, 21-23].

T, % T, %
80 | 80
860
60 60
408
40 40
523
632
20 ' : ! 20
1000 800 600 400 1000 800 600 400
Vv, cM™! Vv, cM’!
a) 6)

Puc. 2. Y-cniexrpu 3paskis Mn,O, (a) Ta Mn,O, (6)

Fig. 2. FT-IR spectra for Mn,O, () and Mn,0O, (6)
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B o6macti 1000400 cm! B [U-criekTpi 6ikcOiiTy (puc. 26) BUSIBIICHO AEKibKa IHTEH-
CHUBHMX CMYT TIOIIMHAHHS MpH 674; 658; 606 i 542 cm™!, sKi MPUMHCYIOTH BAJICHTHUM
xonuBaHHAM Mn-O B Mn O, [24]. Cnabka cmyra noruHanns npu 946 cm BigHecena
10 BaJICHTHUX KoimBaHb Mn-OH. Tpeba Takox 3a3HauuTH, 10 y crekrpi Mn,O, Bu-
3Ha4aoThCst BajaeHTHi (3388 cm!) ta nedopmariitai (1635 cm!) konmuBanust OH-rpymm
B MoJieKynax Boau. B [U-crekrpax 3pazka Mn, O, 1i cMyru NOIJIMHAHHS BiJICYTHI.

Ilpomonimuuni éracmusocmi OKCUIIB MaHTaHy. B mporiecax ajcopOrrii razomnomio-
HUX TOKCHYHHX PEUYOBHH OKCHJIAMH METANiB, a TaKOX B PEAKIIAX IX KaTaTiTHIHOTO
OKHCHEHHsI a00 BIJIHOBIICHHSI CYTTEBY POJIb BIJIIrpae MpUposia MOBEPXHEBHUX IICHTPIB,
cepell SIKMX KHCIIOTHI Ta OCHOBHI IEeHTpH JIproica, KUCIOTHI IIeHTpH bpeHcrena, ka-
TIOHHI Ta aHIOHHI BakaHCii, a Takok moBepxHeBi OH-rpynu 3B’s3aHi B KpUCTAIIYHINA
rpartili, 130JIbOBaHI Ta acOIiHOBaHI 3 MOJIeKyJiaMu Boau [25]. Came 3 HassBHICTIO KUCITOT-
HUX 1 OCHOBHHUX IIEHTPIB JIbtoica Ta OpeHCTEIBChKUX KUCIIOTHHUX IICHTPIB MOSCHIOIOTH
Pi3HI MEXaHi3MHU TIPOTOJII3Y MOJICKYJ BOJH:

npomonis Ha OCHo8HOMY yenmpi Jlvroica

MO+ HOH <> MOH + OH"; “4)
npomoniz Ha KuciomHomy yeumpi Jlvioica
M+ HOH < MOH + H'; %)
npomoniz Ha KUCI0mHOMY yenmpi bpencmeoa
M-OH + HOH <> MOH; + OH". (6)

Sk mpaBuio, y pasi npoToiizy MOJEKy Bou 3a peakiismu (4) i (6) pH cycnensii
OKCHJIIB METAJIIB 3pOCTa€ y uaci Ta HaOyBae crajoro 3Ha4eHHs. Y pasi (5), HaBnaku, pH
CyCIIeH31{ 3HIKY€EThCS JI0 TIEBHOTO CTAJIOTO 3HAYCHHS.

Ha namry mymky, paszom 3 peakuismu (4)—(6) Tpeba BpaxoByBaT JUCOIIAIIIO TTO-
BEPXHEBHX TPYIL:

MOH+ H,0 <> MO™ + H,0", (7)

MOH;+ H,0 <> MOH + H,0" (®)

B pE3yJbTaTi KO 301IBIIYETHCS KOHIICHTpAIlisi HOHIB BOJAHIO. B 11iloMy Ha Meraso-
KCHJIHIHM MMOBEpXHI B pe3ysibTaTi rifjparaiii GopMyroThecs GyHKIiOHAIBHI Tpymu MO™,
MOH, MOH}, cniiBBiiHOLIEHHS MiX SKMMH 3aJ1€KMTh BiJl pH cepeloBHuIa Ta KOHCTaHT
piBHOBar (7) i (8). i1 cuHTEe30BaHKUX 3pa3KiB pe3ynbTaTh BuMiproBaHHs pH cycrnensii
HaBEJICHO B Ta0JI. 2, sIKi CBiI4aTh, 10 P KOHTAKTI 3 MOJIEKynamu Boau Mn,O, popmye
JTy)He cepenopuile, a Mn, O, — ciabKoKuCIIE.

Tecmyeanna spaskie € peakyii posknadanns oszowy. CunTesosani 3pasku Mn,O,
1 Mn,O, onnakoBoi Macu 0,5 T BUIIPOOyBa/IH B peaKllii HI3bKOTEMIIEPATYPHOTO PO3KIIA/IaHHSI
030HY 3a ymMoBH Cg,= 100 mr/m?, U = 6,2 cm/c, © = Li/xs (puc. 3). Buaso, 1o npodini ki-
HETUYHMX KPHBUX BM3HAYArOTHCS (pazoBuM ckiaanoM. Tak, IpU po3KIIaIaHHi 030HY 3pa3koM
Mn,O, KOHIEHTpaIlisl 030Hy Ha BHXOIi 3 PEAKTOPa JIy’Ke IBUIKO HAPOCTAE Ta BKE YEPE3
40 xB. CK03 =0,5Co,. ¥ pasi 3paska Mn,O, npotsirom 12 XB KOHIIEHTpALlisi 030HY Ha BUXOZ
3 peaktopa 3miHroeThes 3 0,12 10 0,98 Mr/m>, a otiM MoBiIBHO 3pocTace mpotsirom 600 XB J10
C§, =50 mr/v,

10
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Tabuws 2
3mina pH BoaHOI cycneHsii cCHHTe30BaHUX 3pa3KiB
Table 2
Time dependences of pH in suspensions of the synthesized samples
3pazok pH, pH_, ApH
Mn,O, 7,75 8,4 0,65
Mn, O, 5,10 6,00 0,90

3
K
0, MI/M

Puc. 3. 3vina C“03 y uaci npu
PO3KITaiaHHI 030HY 3pa3KaMu:
1 —Mn,0;; 2—-Mn,0, (C5,= 100 mr/m*

U=6,2cem/c; T=20°C; m_=0,5T)

Fig. 3. Time dependences of C(f)3 for
ozone decomposition by samples:
1-Mn,0;; 2 -Mn,0, (C§ =100 mg/m’;

U=62 cm/c; T=20°C; m = 0,5 g)

0 150 300 450 600 750

B Tab:1. 3 y3arajibHeHi JiesiKi KIHSTHYHI Ta CTEX1IOMETPUYHI TapaMeTPpH PO3KJIaIaHHS
030Hy B ipucyTHOCTI Mn,O, i Mn,O,. TecTyBanHs 3pa3KiB 3aBEpIIyBalli 32 yMOBH JI0-
CSATHEHHS OJJHAKOBOTI'O CTYIIE€HS PO3KJIaJJaHHs 030HY, a came 50%.

Tabnuus 3

Kinernyni Ta crexiomeTpuyHi napamMmeTpu peakuii po3Kk/IagaHHsA 030HY
3paskamu Mn,O, i Mn,O,
(C5,= 100 mr/m* U = 6,2 em/c; Tep = 0,065 ¢; T=20°C; m_=0,51)
Table 3
Kinetic and stoichiometric parameters of the reaction of ozone decomposition
with samples Mn,O, and Mn,O,
(Ci(‘)‘3= 100 mg/m?; U = 6,2 em/c; T = 0,065 ¢; T =20°C; m_= 0,5 g)

3pa3zok T,,0 XB k,,x10°% ¢! n,% Q,,..<10°% Mo1BO,
Mn O, 660 1,7 50 91,2
Mn,O, 40 28,8 50 4,54

11
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Yac HaniBnepeTBOPEHHS 030HY (T,,,) HAHOLIBIIKMEA y pa3i rayCMaHiTy, 110 BiINOBiIa€
MEHILIOMY 3HA4Y€HHIO KOHCTAaHTH WBUAKOCTI (K, ) Ta GLILIIOMY 3HAYEHHIO KiIBKOCTI
MOJIB 030HY Q) mo npopearysaja Ha nei yac. Husbka aKkTHUBHICTH @am Mn O,
criocTepirajiach HaMH TaKOX Y pa3i OTpUMAaHHS ii METOZOM IpOKapIOBaHHS 1HIITNX TIpe-
KypCOpiB, HaNPMKIIaJ KPUITOMENaHy. 3BiCHO, HAasABHICTb B CTPyKTypi Mn,O, Manra-
Hy B IIBOX CTYINEHSX OKHCHEHHS Mn?* i Mn* cripustume mepebiry pemokc-mpoiecy.
Buxonsiuu i3 3arajnbHUX 3aKOHOMIPHOCTEH PO3KJIaJlaHHs 030HY [26], Ty’KHE Cepe/lOBH-
e CIpUATHME PAJIMKAILHO-TAHIIFOTOBOMY TIepeOiry peakxilii, mo Mmo3Ha4YuThCs Ha Be-
JIMYKHI T, Ta KiIBKOCTI 030HY, LIO POpEaryBaJa.
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KATAJIUTUYECKHUE CBOMCTBA CHHTETHYECKOI'O
T'AYCMAHUTA B PEAKIIUU PA3JTOXKEHUS O30HA

CunresupoBans! 00pa3us! [S-Mn u 1IS-Mn, xotopsle oxapakTepu3oBaHbl MeTogamMu POA,
UK-cnexrpockonuu u pH-merpun. Metonom POA ycraHoBIICHO, 4TO 002 00pasia sBISIOTCS
KPHUCTAIUTMIECKUME U MOHO(DasHbMu: 1S-Mn conepxut dasy Mn,O,, a obpasen 1IS-Mn —
Mn,0O,. CrieKTpbl CHHTE3UPOBaHHBIX 00Pa310B 0COOEHHO OTIMYAOTCS B 00JACTH BaJICHTHBIX
konebannit Mn-OH n Mn-O. YcTaHOBIICHO, YTO TOIyYEHHBIE 00pa3lbl XapaKTePH3yIOTCS
pasHbIME 3HadeHusaMu pH cycnensun: Mn,O, Gpopmupyer menodnyro cpeiy, a Mn,O, — cna-
Gokuciyro. TecTupoBanne 0OpasIOB B PeakIHH Pa3IOKEHUS] 030HA ITOKA3aJI0, YTO aKTHUB-
HOCTb I'dyCMaHNTa 3HAYUTEIILHO BbILIE YeM 711 OMKCOMUTA.

KiioueBble cjioBa: raycMaHuT, OMKCOMUT (a30BbIi COCTAB, pa3IoyKeHHE 030Ha.
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CATALYTIC PROPERTIES OF SYNTHETIC HAUSMANNITE
IN THE OZONE DECOMPOSITION REACTION

Samples of IS-Mn and IIS-Mn were synthesized and characterized by X-ray diffraction, IR
spectroscopy and pH-metry. The X-ray diffraction method revealed both samples to be crystal-
line and single-phase. IS-Mn sample contains a phase of gausmannite (Mn,O,) with the pa-
rameters of the crystal lattice of tetragonal symmetry and the crystallites sized 43 nm. IIS-Mn
sample, obtained by calcination of Mn,O, sample in air under the condition of 600 °C for 4
hours, contains a phase of bixbyite Mn,O, with a cubic crystal lattice and the crystallites sized
66 nm. The spectra of the Mn,0, and Mn,O, samples are particularly different in the region of
Mn-OH and Mn-O valence vibrations. For gausmannite, the absorption band for Mn*" in T -
coordination at 631 cm™ and the absorption band for Mn** in O,-coordination at 523 and 407
cm! were clearly shown. In the IR spectrum of bixbyite, several intense absorption bands were
observed at 674; 658; 606 and 542 cm™!, which correlate with the literature data and correspond
to the valence oscillations of Mn-O in Mn,O,. The pH measurement of the aqueous suspen-
sion of the synthesized samples showed that Mn,O, forms an alkaline medium, and Mn,O, —
weakly acidic upon contact with water molecules. Testing of Mn,O, and Mn,O, samples in the
ozone decomposition reaction at the initial concentration of 100 mg/m? showed that the kinetic
curves profiles were determined by the phase composition. The testing of the samples was
completed and it was established that the same degree of ozone decomposition, namely 50%,
was achieved. For hausmannite, the values of the ozone half-life (t, ) and the amount of ozone
(Q,,,), Which reacted at the end of the experiment, are greater than Mn,O, sample. The presence
of manganese in two oxidation states Mn* and Mn’* in the Mn,O, structure promotes the redox
process, and the alkaline medium contributes to the radical-chain reaction, which affects values
7,, of and chp, which reacted.

Keywords: hausmannite, bixbyite, phase composition, ozone decomposition.
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SYNTHESIS, CRYSTAL STRUCTURE, HIRSHFELD SURFACE
ANALYSIS AND QUANTUM CHEMICAL CALCULATIONS OF
[Cu,(C,H,N,S),(CIO,),] I-COMPLEX WITH 2-ALLYLAMINO-5-
METHYL-1,3,4-THIADIAZOLE

This work is focused on the synthesis and structure characterization of the novel Cu(I)
n-complex [Cu,(Thiaz1),(ClO,),] (1) with 2-allylamino-5-methyl-1,3,4-thiadiazole (Thiaz1)
ligand. The crystals of the compound were obtained by means of the alternating-current
electrochemical technique and studied using single crystal X-ray diffraction. The crystal
structure of the complex 1 is constructed from the centrosymmetric dimers, in which two
copper(l) ions are coordinated by two Thiazl molecules through thiadiazole N atoms
and allylic C=C bond. Energy framework computational analysis for structure 1 has been
performed.

Keywords: copper(l) n-complex, thiadiazole derivatives, crystal structure, DFT calculation,
Hirshfeld surface analysis.

1,3,4-Thiadiazoles have a wide range of applications in pharmaceutical chemistry
[1] and due to their electron-deficient nature, good electron-accepting ability and
chemical stability were found to be excellent precursors for the crystal engineering
of organometallic materials with potential catalytic, magnetic, luminescent,
nonlinear optic activity [2]. An appearance of the olefin C=C bond in a skeleton of
the substituents, attached to the 1,3,4-thiadiazole ring, may serve as actual key for
the selected coordination of transition metal ions due to metal-olefin n-bonding [3,
4]. As it was shown recently, allyl derivatives of 1,3,4-thiadiazoles, which unite rigid
heterocyclic cores and conformation-flexible allyl group, were found suitable for the
preparation of m-coordination compounds with unknown (or less stable) in a free state
Cu(I) salts. For instance, the first examples of Cu(C,H,SO,) n-complexes as well as
the direct Cu(I)-~F(SiF,*) interaction have been observed in copper(I) m-compounds
with 2-allylamino-5-methyl-1,3,4-thiadiazole (Thiazl) and 2-amino-5-allylthio-1,3,4-
thiadiazole (Thiaz2) ligands [5]. According to the Cambridge Structural Database, more
than fifteen n-complexes of Cu(I) salts (CuCl, CuNO,, CuBF,, Cu,SiF, Cu(CH,S0,))
with mono- and diallyl derivatives of 1,3,4-thiadiazoles have been obtained and studied
by X-ray crystallography [6]. As part of our ongoing studies in this area, the synthesis
and structure of a novel [Cu,(Thiaz1),(ClO,),] (1) n-complex are reported here.

Experimental section

Unless otherwise mentioned, all chemicals were obtained from a commercial source
(Sigma Aldrich) and used without further purification. 'H NMR spectrum for Thiaz1l
was measured on a Bruker Avance 400 MHz NMR spectrometer. The chemical shifts
are reported in ppm relative to the residual peak of the deuterated solvent — CDCIl,. The
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infrared spectrum for Thiazl was recorded on a Bruker Vertex 70 FTIR spectrometer
in KBr pellets. Diffraction data for 1 were collected on a Rigaku AFC7 diffractometer
equipped with a Mercury CCD area detector, graphite monochromatized MoK radiation.
Energy framework calculations were performed on the DFT/B3LYP/6-3 lG(d p) level
using the CrystalExplorer 17.5 software [7, 8].

Thiazl was prepared according to the reported previously procedure [9] starting
from the 4-allylthiosemicarbazide. Thiazl: NMR1H (400 MHz, CDCl,), 8, ppm 6.36 (s,
1H), 5.97-5.87 (m, 1H), 5.32 (d, J=17.2, 1H), 5.22 (d, J=10.4, IH), 3.94 (d, /= 5.6
Hz, 2H), 2.57 (s, 3H). IR (KBr, cm™): 3179(vs), 3076(m), 2978(vs), 2915(s), 2855(m),
2768(m), 2357(m), 2334(w), 1643(m), 1566(vs), 1491(vs), 1456(s), 1435(m), 1417(s),
1336(m), 1267(m), 1214(s), 1187(m), 1145(w), 1084(m), 1008(w), 992(m), 960(m),
925(s), 814(w), 756(m), 650(m), 617(w), 522(w).

Crystals of the coordination compound [Cu,(Thiaz1),(ClO,),] (1) were obtained via
alternating current electrochemical synthesis [10]. Equimolar quantities (1 mmol) of
Cu(ClO,),-6H,0 and Thiazl were dissolved in 5 mL of 95% ethanol. The solution was
placed into a glass tube where it was sealed with a minimal volume of residual air using
a rubber stopper equipped with two copper wire electrodes. Alternating voltage of 0.5 V
with frequency of 50 Hz was applied to the electrodes for three weeks. Single crystals
appropriate for X-ray diffraction measurements were collected from the electrodes. The
yield was about 30%.

The collected diffraction data were processed with the Rigaku CrystalClear software
suite program package [11]. The structure was solved using SIR-92 program and refined
by least squares method on F? by ShelXL program with the graphical user interface of
WinGX [12-14]. Atomic displacements for non-hydrogen atoms were refined using an
anisotropic model. The hydrogen atoms were placed in ideal positions and refined as
riding atoms with relative isotropic displacement parameters. Crystal parameters, data
collection and the refinement parameters are summarized in Table 1.

Table 1
Selected crystal data and structure-refinement parameters of 1
Empirical formula C,H,CLCuNO,S,
Formula weight 636.46
Temperature, K 200
Wavelength MoK,
Crystal system, space group Triclinic, P 1

Unit cell dimensions, A

a,A; o, 7.8911(7); 112.483(3)
b,A; B,° 8.0996(9); 90.2844(19)
e A; .0 10.4198(10); 118.682(2)
v, A3 525.05(9)
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Crystal size, mm?

Z 1
Calculated density, g/cm? 2.013
Absorption coeff., mm'! 2.534
F(000) 320

Continued table 1

0.07 x 0.08 x 0.10

Theta range for data collection, ° 2.1-28.9
Measured reflections 5123
Used in refinement 2210
Refined parameters 145
R[F*>20(F?)] 0.0438
wR(F?) 0.1144
dp, JAp, . (e/A%) 0.597-0.797

max’

RESULTS AND DISCUSSION

Compound [Cu,(Thiazl),(CIO,),] (1) crystallizes in the centrosymmetric space
group P 1, with one organic molecule and one Cu(l) ion in the asymmetric unit.
Thiaz1 molecule acts as bridging chelate «, 6-ligand being attached to Cu(l) by means
of the C=C bond of allyl group and two N atoms of 1,3,4-thiadiazole ring (Fig. 1).
The copper(I) ion adopts trigonal-pyramidal (z,=0.79, 7, — four-coordinate geometry
index) surrounding, including in the basal plane of the polyhedron the N2 atom and
the allylic C=C bond of one Thiaz1 molecule, the N1 atom of neighboring heterocyclic
ring. The apical position of the pyramid is occupied by O1 atom of the anion. Thus,
metal ions connect two Thiazl ligands into centrosymmetric [Cu,(Thiazl),(ClO,),]
fragment with one six-member {Cu,N,} cycle and two six-member {CuN,C,} rings.
Similar centrosymmetric dimers were found previously in the structure of CuNO, and
Cu(CF,SO,) n-complexes with Thiazl [9] as well as CuNO, and CuClO, n-complexes
based on 2-allylthio-5-phenyl-1,3,4-oxadiazole ligand [15]. The strength of Cu(Il)—
(C=C) interaction in 1 is confirmed by the fact that allylic C=C bond is elongated to
1.355(5) A (compared with a nominal value of 1.33 A and a value of 1.340(7) A in
Thiaz] structure itself [5]) due to back-donation from an occupied 3d metal orbital to
a low-lying empty n* orbital of the olefin. Short Cu—m of 1.957(3) A (m — a middle
point of C5=C6 bond) distance and moderately large C—Cu-C of 38.2(2)° angle also
confirm this conclusion. The Cu(l) ion deviates from the base of the trigonal pyramid
only by 0.08(3) A, while the angle between the C=C bond and the polyhedron basal
plane is 12.2(1)°.
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Through N — H---O hydrogen bonds between the H atom of the ligand amino group
and the O toms of the ClO,” anion neighbouring [Cu,(Thiazl),(CIO,),] fragments are
linked into hydrogen-bonded stair-like chains (Fig. 1).

Fig. 1. Fragment of crystal structure 1 with displacement ellipsoids drawn at the 50% probability
level. Symmetry codes: (i) —x,—y,—z; (if) —1—x,—1-y,—z.

Table 2
Selected bond distances (A) and angles (°) in the structure 1
Bond Angle
Cu-01 2.628(3) O1—Cu-—m 97.8(1)
Cu—NUI’ 1.972(3) NlI'=Cu—-m 133.5(1)
Cu—N2 2.014(3) N2—Cu—-m 111.5(1)
Cu—m 1.957(3) NI'—=Cu—-N2 114.6(1)
Cu-C5 2.057(3) O1—Cu—-NV 95.8(1)
C5—Co 1.355(5) C5—Cu-C6 38.2(2)

m — is a mid-point of C5—C6 double bond. Symmetry code: (i) —x,—y,—z.

For the deeper analysis of the intermolecular interactions among the fragments of
1, Hirshfeld surface analysis through the mapping of the normalized contact distance
(d,..) as well as calculation of the interaction energies were performed using the

CrystalExplorer software. The most prominent interactions N — H---O among the
amino-group H atoms and anion O atoms of neighboring moieties can be seen in

19



Yu.I. Slyvka, E. A. Goreshnik, N. T. Pokhodylo, M. G. Mys ’kiv

the Hirshfeld surface plot as the strongly red areas (Fig. 2(a)). The other poorly red
and white areas on the surface plot correspond mainly to the C — H---O interactions.
Fingerprint plots were produced to show the intermolecular surface bond distances with
the regions highlighted for H---O and H---S interactions. The contribution to the surface
area for H---H contacts is 24.5%.

H---O (43.8%)

a | | T4 b d;

A 06 08 10 12 14 16 18 20 22 24 A) 06 08 10 12 14 16 18 20 22 24

a b c

Fig. 2. Hirshfeld surface for dimeric fragment of 1 mapped with d _ over the range —0.55 to 1.16 (a).
Fingerprint plots for molecule resolved into O---H/H---O (b) and S---H/H- S (c) contacts.

The energy framework calculations discussed in this paper were performed on
the DFT/B3LYP/6-31G(d, p) level. All the calculations were provided for clusters of
[Cu,(Thiaz1),(ClO,),] fragments within a radius of 3.8 A, which were generated around
a single fragment. This method provides a qualitative picture of the 3D-topology of the
main interactions in the crystal packings. The values of interaction energy calculated
between the dimeric fragments in 1 are tabulated in Table 3 and visualized in Fig. 3. The
cylinders in the energy framework represent the relative strengths of molecular packing
in the different directions — interaction energies are proportional to the thickness of
cylinders joining the centroids of fragments.

b-axis c-axis

Fig. 3. Energy frameworks of 1 representing the total interaction energy (blue)
along the different crystallographic directions.
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According to the calculations (Fig.4 & Table 3), the main intermolecular interactions,
which corresponds to the N — H----O hydrogen bonding with two dimers I, cover the
total energy of —151.6 kJ/mol, with significant influence of electrostatic interaction. The
interaction energy with the next neighboring fragments I, which are located above and
below the main fragment, is —111.3 kJ/mol. The last value indicates significant influence
of the C — H----O hydrogen bonding between mentioned moieties. In contrast to I, IT
and IV, interactions of the main fragment with I1I are mostly determined by dispersion
interactions of ligand Thiazl methyl group. The total energy of all interaction between
the dimers in 1 appears to be —379.4 kJ/mol.

Fig. 4. The principal interactions between fragments [Cu,(Thiazl),(CIO,),] in 1 with numbering of
molecules involved in the interactions with the selected one.

Table 3
The most prominent molecular interaction energies (kJ/mol)
for the [Cu,(Thiaz1),(Cl0O,),] dimers in 1
Ne N« Symop R? E ele E pol E_dis E rep E tot°
I 2 11+x’ Ity, z 816 | -1195 | -541 | -663 | 1174 | -1516
—lx,—ly, -z
1l 2 Itx, y, 2 7.89 678 349 | 429 | 382 -111.3
—1-x, 1-y, -z
I 2 x, -1ty z 8.10 274 272 | 569 | 503 -67.6
- X, l-y, -z
w | 2 Vo, Tty Tz 0048 | 231 | 2158 | -220 | 136 | -468
—1-x,—1y,~1z

“ N is the number of molecules involved in the interactions with the selected one.

b R is the distance between molecular centroids (mean atomic position) in A.

¢ Each energy should be multiplied by the conversion factors k= 1.057, kpol =0.740, k, = 0.871,
krep = 0.618 to obtain the total energy (£, ).
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CONCLUSIONS

We presented the synthesis and structure characterization of the novel T-complex
[Cu,(Thiazl),(ClO,),] (1) with 2-allylamino-5-methyl-1,3,4-thiadiazole (Thiazl)
ligand. Organic molecule reveals quite common coordination behaviour of allyl
1,3,4-thiadiazoles, being attached to the metal ion by means of allylic C=C bond
and two heterocyclic N atoms. Energy frameworks computational analysis confirms
the major role of N — H---O interactions (with predominance of electrostatic factor)
in the crystal structure organization: through N — H---O hydrogen bonds neighboring
[Cu,(Thiaz1),(ClO,),] fragments are linked into hydrogen-bonded stair-like chains. The
energy of C — H---O interactions were also quite high which confirms their considerable
impact in stabilizing the structure of 1.

SUPPLEMENTARY MATERIAL

CCDC number 2052890 (1) contains the supplementary crystallographic data for this
paper. Copies of the data can be obtained free of charge on applications to the Director,
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: int. code +(1223)336—033;
e-mail for inquiry: fileserv@ccdc.cam.ac.uk).
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CUHTE3, KPUCTAJIMYECKASI CTPYKTYPA,

AHAJIM3 NOBEPXHOCTH XUPLI®EJJIA U KBAHTOBO-
XAUMHWYECKHUE PACYETBI II-KOMIIJIEKCA
[Cu,(C,H,N,S),(CIO,),] C 2-AJUIMIIAMUHO-5-METHJI-1,3,4-
TUAJIUA30JIOM

Ilens 51O pOOOTBI — CHHTE3 M ONpEACNICHHE KPUCTAJUIMYECKOW CTPYKTYyphl HOBOTO
n-xomriekca Cu(l) cocrasa [Cuy(Thiazl),(ClO,),] (1) ¢ 2-anmunamuso-5-metui-1,3,4-
tuaguaszonoM (Thiazl). Kpucramisl coetuHeHNs TOMYYEeHbI METOJIOM IIEPEMEHHO-TOKOBOTO
JNEKTPOXUMHUYECKOTO CHHTE3a M HCCIEIOBaHbl PEHTTEHOCTPYKTypHO. Kpucrammmueckas
CTPYKTypa KoMIulekca 1 mocTpoeHa U3 HEHTPOCHMMETPUYECKUX THUMEPOB, B KOTOPBIX IBa
noHa menu(l) koopnuHupoBanbl 1ByMs Monekyinamu Thiazl aromamu N Tmammaszona u an-
mbHOIO cBs3bio C=C ymmranga Thiazl. [IpoBexens ananmu3 nmoBepxHocTH Xupuidenaa ast
JIUMEPHOI YacTULIbl KOMIUIEKCA ¥ KBAHTOBO-XUMUYECKHUE PAacUeThl SHEPTUil MEKMOIICKYILIp-
HBIX B3aUMOJCHCTBUH.

KiroueBbie cioBa: menp(l) m-xoMIuiekc, MpOW3BOMHBIC THAIMA30Ja, KPUCTAJITHYECKAst
cTpykTypa, pacdetsl DFT, ananus moBepxHocTH Xupidena.
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CHUHTE3, KPUCTAJIYHA CTPYKTYPA, AHAJII3 MTOBEPXHI
TTPIIPEJIBIA TA KBAHTOJBO-XIMIYHI OBUNCJIEHHS
M-KOMILJIEKCY [Cu,(C H,N,S),(CIO,),] 3 2-AJIIJTAMIHO-5-
METWJI-1,3,4-TIAIA30J10M

CrarTd NpHUCBAYCHA CHHTE3Y Ta JOCIIIKEHHIO KPUCTAJIYHOI OYJ0BH HOBOTO TT-KOMILIEKCY
Cu(D) cknany [Cu,(Thiazl),(CIO,),] (1) 3 2-aninamino-5-metni-1,3,4-riaxiasonom (Thiazl).
Thiazl cuHTE30BaHO 3a BIZOMOIO METOAWKOI, BHXOISMYH 13 4-aminTiocemikapOasuiuy.
SxicHi MoHOKpHcTamu 1 onep)kaHO METOIOM 3MIHHO-CTPYMHOTO EIeKTPOXIMIYHOTO CHH-
Te3y Ha MiJHHX esekTponax (mpu Hanpysi 0.5 B, wactora 50 I'n) i3 eraHOIBHOrO PO3UMHY
opraniyHoro jiranay Ta kynpymy(II) nepxiopary rexcarinpary. Cromyxka 1 KpucrasisyeTscs
B IICHTPOCUMETPHUUHIT MPOCTOPOBii rpymi P 1, 3 OJHI€I0 OPraHIYHO MOJICKYJIOK Ta OJTHIM
ionom Cu(l) B acumeTpuuHiit yacTuHi komipku. Monekyna Thiazl BUKOHYE B CTPYKTypi poib
MICTKOBO-XEJIATHOTO JIiranzy, koopanHyouuch a0 ioHiB Cu(l) 38’s3xom C=C aniibHOi Tpy-
nu ta 1Boma aromamu N 1,3,4-tianiazonsHoro spa. lon kynpymy(l) dopmye TpuronambHo-
nipamiganbHe 0TOYEeHHs (reoMeTpHIHUi inaekc 7, = 0,79), sike y 6a3aibHil NIOMKHI oieapa
Bkutouae aroM N2 Tta 38’30k C=C oaniei monexynu Thiazl, a Takox arom N1 cycizHboro
TeTepPOLMKIIYHOrO sipa. ANiKaIbHY MO3ULI0 HipaMiay nocigae arom O mepxiopar-aHioHy.
Bracninok n-koopanHamii 10 IEHTPaIbHOTO aroMa moABiitHui 38’530k C=C nemo BHIOB-
xuBes 710 1,355(5) A, y nopisnsnHi i3 HekoOpAMHOBaHMM y CTPyKTYypi camoro Thiazl. Uepes
BomHeBi 38’13k N — H- O mik aromamu H aminorpymu niranmy ta aromamu O mepxJiopar-
anionis cycigni ¢pparmentu [Cu,(Thiazl),(CIO,),] 00’ eanyI0ThCs y BOAHEBO-3B’A3aHHH CXO0-
JUHKOBHH JIaHIOr. JIIsl IeTalbHOro aHaiizy MDKMOJICKYIIPHUX B3aeMOJiil MK (parMeH-
TaMHy IpoBeieHo aHai3 nosepxHi [ipmidensra. Buecok xontakris O---H, S---H i H---H
y TIIomLy moBepxHi cTaHOBHTH 43,8%, 5,1% 1 24,5%, BigmoigHo. Po3paxyHkm eHeprii
MIDKMOJIEKYJIIPHUX B3aeMoziit, npoBoamnuck Ha pieai DFT/B3LYP/6-31G(d, p). Bei po3pa-
XYHKH 311ificHeno s knactepis pparmentis [Cu,(Thiazl),(ClO,),] B paxiyci 3,8 A, sxi 6ymm
c(hopMOBaHi HABKOJIO OHOTO (hparMeHTa. 3a pe3yIbTaTaMH PO3PAXyHKIB, EHEPTis OCHOBHUX
MDKMOJICKY/ISIPHIX B3a€MOJIIT, 1110 BiAOBIAa0Th BogHEeBUM 3B’ si3kaM N — H---O 3 nBoma -
Mepamu, ckianae —151,6 kJlx/monb. CymapHa eHeprist BCiX MDKMOJEKYISIPHUX B3a€MOJIIH
y ctpykrypi 1 craHOBUTH —379.4 k/[)x/MOIB.

KurouoBi cioBa: m-xomruteke Kynpymy(l), moxigHi Tiagia3ory, KpucTanidyHa CTPYKTypa, 00-
yucnenns: DFT, anani3 nosepxni ['ipuidennbaa.
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CIHHEKTPOCKOIIIYHE JOCJIIJI’KEHHSA COJIBOBHUX I1JIABIB
CUCTEMM SmF,-CeF ,-NaCl-KCl

Meromamu IY cnekrpockomii INpOIyCKaHHS, CHEKTPOCKOIIl Au(y3HOro BiIOWUTTS Ta
JIOMIHECLEHTHOI CIEKTPOCKOMIi, BCTAHOBIEHO XapakTep B3acMojii y cucremax SmF -
CeF, Ta SmF,-CeF,-NaCIl-KCl. B 00ox cucTemax BHABICHO BUHMKHEHHS W 3pOCTaHHs
micty Sm(I) ta 3menmenus Bmicty Sm(III) sik Ha crazii TBepmodasHoro mpoiecy mnpu
1100 °C, tak i npu 06po6i y posmrasi NaCl-KCl npu 700 °C 3aBasku peaxiisiM OKHCHEH-
HsI — BIJIHOBJICHHSI MIDK KOMIOHEHTaMH CHUCTeM. 3MiHa BaJICHTHOTO CTaHy Sm HpOSBIISIETHCS
y 3HHKHEHHI { TICOXPOMHOMY 3CYBi OJJHUX CMYT I BHHHKHEHHI 1HIIUX Ha CHEKTpax ITuQy3-
Horo BinouTTs. Ha cnekrpax jIoMiHeCIeHIiT CIIoCTepiratoThCst CMyT BUCOKOT iHTEHCUBHOCTI
y miama3zoni 640-740 uwm, mo BiamosigaTs 5d-4f exekTpoHHUM mepexoxam y oHax Sm?'.
OOroBOPIOETHCSI MEXaHI3M OKMCHO — BiJJHOBHUX Ta OOMIHHHX peakmiii MK KOMIIOHEHTaMU
(hTOpHUAHOT CUCTEMH, & TAKOXK OKHCHO — BITHOBHOI B3a€EMOI1 3 XJIOPHIHUM PO3ILIABOM.

KiiouoBi cj1oBa: JIFOMiHECHEHIIS, OKMCHEHHS — BiJHOBJIEHHSI, CUCTEMA, COJbOBHHU ILIaB,
creKTpocKomiuHi MeToan, ¢propux Camapiro, propux Llepiro.

Camapiii Ta Llepiii BITHOCATHCS 10 JAHTAHIIIB 3MIHHOI BaJeHTHOCTI. J{ilicHO, KpiM
3BHYAIHOTO CTYNCHS OKHCJICHHS +3, BOHH BHSBILIIOTH Y CBOIX CIIONYKaxX, 30KpeMa,
¢dbrTopunax, cryneHi okucHeHHs +2 Ta +4, BimnoBijaHo [1-3]. [IposB 3a3HaYeHHUX CTY-
TICHIB OKMCHEHHSI 3aJICKUTh BiJl yMOB YTBOpPEHH crioyk. Banentauit ctan Sm(11), six
3’scyBanu aBTopy [4], crabinizyerbes y cknagnomy gpropuai SmMgF . ¥V poborax [5,6]
pu ciibHOMY npokaprosanHi SmF, ta CeF,, y mmbokomy Bakyymi abo iHepTHOMY Ta-
3yBaTOMY CEpeOBHIII BiI0yBacThes yTBOpeHHs (a3 Ha ocHosi SmF, Ta CeF,. Toi pakr,
10 TiABHINEHHS TEMIepaTypH MO3UTHBHO BIUIMBAE HA CTa0LII3aIlil0 3a3HaueHUX (a3,
CBIAYUTH PO IXHiH CHIOTEPMIUHUI XapakTep. 3 iHIIOro OOKY MPH JOCIiHKCHH] PO3UH-
HCHHS Y COJIbOBHX PO3IIIaBax iHANWBIAyalbHUX (GTOPUAIB JAHTAHIIIB, 30KpeMa, (hTOpH-
ny €spormiro [7,8] Ta ixHBOT KpHCTamizamii y ApiOHOAMCIIEPCHOMY CTaHi BCTAaHOBJICHO
¢axr BigHoBnenns EuF,. 3acturii niasu BUSBWIN IKaBi CIIEKTPasIbHI BIIACTUBOCTI, 30-
Kpema, IHTeHCHBHY OJIaKUTHY JIFOMiHECILIEHII10, TTOB si3aHy 3 Sd-4f enekTpoHHMMH 11e-
pexomamu B ionax Eu?' tomio. JIjisi HEPO3YMHHOTO 3AJIUINKY, HATOMICTh, XapaKTEePHUM
€ TOETHAHHS XapaKTepHO1 OJIAKUTHOT JIOMIHECUEHIIIT — 3aBIsSKH IPOCOYYBaHHIO HOTO
COJILOBHM PO3ILIABOM — 3 OPAHIKEBO-UEPBOHOIO JIIOMIHECHEHIIIEK0 ocany EuF, 3aBusaku
4f-4f enexrponHuM niepexozam y ionax Eu®’. HemomaBHO mpoBeIeHO CIEKTPOCKOMIY-
He pocnimkenns cucremu EuF -CeF, micis TepMooOpobku y TBepaodasHoMy cTaHi Ta
HACTYITHOI BUTPUMKH y COJIBOBOMY IDIaBi [9]. BcranoBneHo, mo y 3a3HaueHii cucreMi
BiIOyBaeThes mpakTuuHO mikoBute BimHoBieHHs Eu(Ill) mo Eu(Il), sk y compoBomy
IUTaBi, TaK ¥ Y HEPOSUNHHOMY 3QJTUIIIKY.
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Cnexmpockoniune docriodcenns convosux niaesie cucmemu Smk -CeF -NaCI-KCl

Lime gociKeHHS — BCTAHOBUTH 3aralibHi 3aKOHOMIPHOCTI Ta 0COOJIMBOCTI OKHCHO-
BiIHOBHOI B3aemonii y cucremi SmF -CeF,-NaCl-KCl Ta ii BiimBy Ha CreKTpajibHi
BJIACTHUBOCTI 3aCTUTIIOTO COJBOBOTO TIJIABY.

METOJUKUN EKCHEPUMEHTY TA PO3PAXYHKIB

Camapii(Ill) ¢propun (SmF,) oxepxano uuisxom o6pobku oxcuay camapiro(III)
mapku Cm-1 (TY 48-4-189-12), BmicT ocHOBHOI pe4oBUHU 99,9%, KOHIICHTPOBAHOIO
(roposonneroro kucnororw, H,F, kBamidikamii X.4. 3 HACTYTHUM OCYLICHHSAM y Ba-
KyyMi Ta BHCOKOTEMIIEPATYpPHUM MPOXKAPIOBAHHAM Yy IHEPTHOMY Ta3yBaTOMYy CEpeno-
Bumti (He). ¥V nposenenomy Hamu panime [4,5] AOCTIKEHHI BCTAaHOBJICHO, 1O MPH
BrucokotemneparypHiii (1o 1100 °C) o6pobui y BakyyMi abo iHEPTHOMY ra30BaHOMY
cepenosumti (He) y cucremi SmF -CeF, BinOysarotbes nomithi 3MiHu (ha3oBoro ckia-
ny. CriouarKy yTBOPIOIOTBCS TBEP/ PO3UMHU Ha OCHOBI B-SmF, (BucokoTemneparypua
Moauikais) rekcaronanbHoi cunronii Ta CeF, ananoriunoi crpykrypu. Bpewri pemr
pu TepmMooOpoOiti 3a 1100 °C y BakyyMi YTBOPIOETHCS Y HE3HAUHIH KITBKOCTI KyOiuHa
¢asa cknagy SmF,, .

Ouinky BmicTy po3unHHOi peuosrnu (SmF, a6o CeF,) y niasi npoBoausu 3a METO-
JIMKOI0, 1110 0a3yeThesl HA TEPMOANHAMIYHUX PO3pPaxyHKaxX OOMIHHMX peakuiil Gpropu-
JIiB JIAaHTaHIJ[iB 3 KOMIIOHEHTaMHU COJIbOBOTO po3ruiay, a came, NaCl ta KCI. Panimre
[9] Hamu Oyi0 MOKa3aHO, IO MPH PO3YMHEHHI TEPMOJMHAMIUHO BUTIIHIIINMU € 00-
MiHHI peakiii ¢ropuaiB meranis 3 NaCl, naromicts KCl y nmoganbimomy crpusie pos-
YHHEHHIO Yepe3 KOMITJICKCOYTBOPEHHS y po3IuiaBi. CxeMy MpoOIeciB MOXHA MpeCcTa-
BUTH PiBHSHHIMHU:

SmF (CeF,) + 3NaCl «» SmCl,(CeCl,) + 3NaF, (1)

KCI + SmCl,(CeCl,) < K [SmCI,J(K[CeCl,]). ©)

[Ikona, anme yepe3 BIJACYTHICTh TEPMOIWHAMIYHHMX MApaMETPiB PeaKiliii KOMIUIEeK-
COYTBOPEHHS 3a peakili€ro (2) TOBOAUTHCS 3aJ0BOJILHATUCS PO3paxyHKoM peakiii (1).
TepMmoarHaMIYHI MTapaMeTpy OKPEMHUX KOMITOHEHTIB (PEaKTHBIB Ta MPOJYKTIB peaKilii)
Opanu 3 noeigauka [10]. Po3paxoBani 3HadueHHs po3unHHOCTI y po3muiaBi NaCl-KCl
npu 700 °C cranosmats 0,069 Ta 0,093% moi., ado 0,21 ta 0,28% mac. a1 SmF, Ta
CeF,, Binnosinno. Omxke, Meton POA y nanoMy BHNAJIKy BUSBISETHCSA MO €(DEKTUB-
HUM 4Yepe3 He3HaYHHH BMicT aucrepcHoi (azu. Cxemy TBepmodasHoi B3aEMOIIT Mk
(bropuaaMu JTaHTaHIIB MOXHA 3aITMCATH HACTYITHUM YHHOM:

SmF, +CeF, <> SmF,+CeF,, 3)

SmF, +CeF, <> Sm[CeF ]. @)

Peaxirist koMIiekcoyTBOpeHHS (4) Mae cpusiTi peakiii (3), sika cama 1o cobi He €
CaMOJIOBUILHOIO Ta BUMarae ocoOnuBHX yMoB (auB. Buie). [Ipu posmisai B3aemomii
tBepaodasnoi cucremn SmF,-CeF, 3 posmnasom NaCl-KCl ciin matn Ha yBasi HacTyn-
HE: a) pO3YUHHICTL SmF, Mae OyTH HAaHOLIBIIO CEPEl KOMIIOHEHTIB; 0) PO3YUHEHHS
SmF, Ta CeF, mae cynpoBoKyBaTucs peakiissMu OKUCHEHHS — BITHOBJICHHS 32 y4acTi
COJIBOBOTO PO3IJIABY.
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Just mocnmimkeHHS 31 CHEKTPOCKOMIYHUX METOAIB 3aCTOCOBaHO HacTymHi: [Y
CIIEKTPOCKOIIIIO0 MPOIYCKAHHS, CIIEKTPOCKOII0 AuQy3HOTO BinoUTTa ([IB) Ta momi-
HECIICHTHIO CIIEKTPOCKOIio. [Y CIeKkTpu MpoIyCKaHHS 3alHCyBald Y KOOPIHMHATaX
T=1(V), ne T,v —nporyckaHHs if XBIIIbOBE YNCIIO, BiAMTOBITHO, HAa CICKTPOPOTOMETPI
Frontier Perkin-Elmer (CIIIA) y mianma3oni xBunbpoBux uncesn 4000-200 cm!. 3pasku
Ha ocHOBI Csl roryBasm 3a cranfapTHO Metonukoro. Crexktpu /B BuMiproBanu 3a
noriomororo criekrpodoromerpa Lambda-9 (Perkin-Elmer) y miamazoni 200-2500 am
K 3aJICKHOCTI:

F(R) = f(0)= (1-R)> /2R =k / s, (5)

ne F(R) — dynknis Kybenkn — MyHnka, R — BigHOCHE BiIOUTTS, K, S — KOe(IIiEHTH T10-
IJIMHAHHS W PO3CIFOBaHHS, BiJIIIOBITHO.

CriekTpH JTFOMiHECIIeHIIT 3anucyBaiu Ha criekrpodiayopumetpi Fluorolog-FL 3-22
(dpaHn1isn) 3a KIMHATHOT TEMITEpaTypH MPHU PI3HUX JOBXKHHAX XBHJIb 30y/KEHHsI, BUOIp
SIKUX 31HCHIOBAIIN 3 XapaKTepy CIEKTPIiB 30YHKEHHSI.

PE3YJBTATH EKCIIEPUMEHTY TA iX OBTOBOPEHHSA

Ha IY cnexrpax npomyckanus (puc. 1, xpusa 1) 3paska cuctemn SmF -CeF, B 00-
nacti 200-400 cm! BHIHO ABI CMyTH, H0OpE PO3MIICHUX HA KW, ITOJOXKEHHS SKHX
MoKa3aHo y Taoi. 1.

T.% soT%
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vV, oM’ vV, om!
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Puc. 1. IY crextpu npomnyckanns cuctem: @ — SmF,-CeF,, 6 — SmF ,-CeF ,-NaCI-KClI

Fig. 1. IR transmission spectra of systems: @ — SmF -CeF,, 6 — SmF,-CeF,-NaCl-KClI

OueBHIHO, HAMHIKYI 3HAYEHHS V BIIIIOBIIAIOTH BaJEHTHUM KOJIMBAHHAM 3B’ SI3KiB
Sm(II)-F, a Bumi — 387 s13kxiB Sm(I11)-F, Ce(I1I)-F i1, moxxmuBo, Ce(IV)—F. V¥ Toii ke uac,
cmyra B aianazoni v=1050-1100 cm' BUHHKaE, OYEBUIHO, Yepe3 JAOMIIIKY CHIIIKATIB
(xonuBaHHs 3B’ s13KiB Si—O) MIpy MPOXKAPIOBaHHI 3pa3ka y MOCYIMHI 3 KBapIIOBOTO CKJIA.
PiBeHb mpomyckaHHs 3pa3Ka CUCTEMH € BUCOKHUM (TioHaa 90%), 110 CBIMYUTH TIPO J10-

Opy 3akpucranizoBanicTs (a3 cuctemu SmF -CeF,.
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Cnexmpockoniune docriodcenns convosux niaesie cucmemu Smk -CeF -NaCI-KCl

Taommus 1
Iosio:kennst mikiB Ta emyr noriunanus B IY cnekrpax nponyckanns cucrem SmF -CeF,
(micast nposxkaprosauns) Ta SmF -CeF, (micsis Burpumru y posmiasi NaCl-KCl)
Table 1
The position of the absorbance peaks and bands in the IR transmission spectra of the SmF -
CeF, systems (after calcination) and SmF -CeF, (after annealing in the NaCIl-KCl melt)

Cucrewa Ionoxenns mikis (V ,emh)
SmF -CeF, 2326 1084 382 257 208
SmF -CeF,-NaCl-KCl 257

Inuna kapruna cnocrepiraerses y Bunazky cucremu SmF -CeF -NaCl-KCl, o mic-
TUTH COJIbOBUH IJIaB 3 TUCIIEPrOBAaHUMH Yy HUX YacTKamMu (PTOPUAIB JAHTaHIIiB. Y LbO-
My Bumnajaky Ha [Y cniextpi nponyckanns (puc. 1, kpusa 2, Tabi. 1) npakTHYHO BiICYTHI
CMYTH NOIIMHAHHA (TOPUAIB Yyepe3 IX HE3HAUHUI BMICT.

HatomicTs Bupa3HOIO € cMyra MOIJIMHAHHS, 110 BIAMOBIJA€ KOJIWBAHHSAM 3B’S3KiB
NaCl ta KCI ocxoBu (6ins1 210-220 cm!, ToOTO Ha rpaHHIII MOXKIUBOCTI 3aCTOCOBYBa-
HOTO Npuiany). Yepes 3HAYHO HUXKUY TeMIIEpaTypy TEpMOOOPOOKH y COIBOBOMY PO3-
J1aB1 OPIBHAHO 3 TBEpAo(a3zHUM nporiecoM Ha Y crekTpi NpakTUYHO BiJACYTHI CMY-
TY TIOTJIMHAHHS, 1110 BI/IMOBIIal0Th KOJUBAHHSM 3B’s13KiB Si—O. Jlo TOTO X XJIOpHUIHUN
pO3IUIaB YMHUTH 3aXUCHY (10J0 Miporiaponisy), a y Bunaaky Ce(IV) — mie it BinHOB-
JOBaJIbHY Aito. [IpomyckanHs 3pa3ka CUCTEMH 13 COJIbOBUM ILJIABOM B OCHOBI € 3HAUHO
HIDKYUM, HIK Y nionepe/nii cucremi SmF -CeF , 110 MOKIIMBO, IOB’SI32HO 3 HAABHICTIO
YABTPaAMIKPOAUCIIEPCHUX YaCTOK, L0 CHIIBHO PO3CiIOI0Th BUIIpoMiHIOBaHH: B [Y mia-
Ma3oHi crekTpy. Y Oyab sikoMy BUnaaky xapakrep IY crekTpiB gae 3arajibHy KapTUHY
3MiH, 110 Bi0OYBalOTbCA y CUCTEMI MiCIIsi BUTPUMKH Y COJIBOBOMY PO3ILIABI.

Crnekrpockomnisi [udy3HOTro BiIOUTTS BiTOOpakye 3MiHH, KI MalOTh MICLE y €JIeK-
TporHil cTpykTypi SmF, Ta CeF, miciis TpuBaioro npoxxaproBaHHs, a NOTIM BUTPUMKA
y conboBoMy posiuiasi. Ciekrpu nudysuoro Binourts (IB) cucremu SmF -CeF, mpen-
CTaBJICHO Ha pUC. 2, a TOJOXKEHHA Ta IHTEHCUBHICTb BIJAMOBIIHUX CMYT MOIIMHAHHS
HaBeeHO y Taoi. 2.

Sk BurmuBae 3 puc. 2, a Ha cnekrpax B B YO giana3oni micis TepMOOOpPOOKH
BHMHUKA€ JIOBOJI IIMPOKa i iHTeHCHBHa cMyra B obmacti 200-300 HM, HakIaJal0unuCh
Ha JIEI0 MEHII BUpa3Hy cMyry 3 MakcumyMmoM Tipu 300 uwm. Ilepiia 3 HUX, IMOBipHO,
CBOEIO MOSBOIO 3000B’sI3aHa €JIEKTPOHHUM repexoaam tumy 4f-5d y iionax Sm?’, a ra-
KO, MOXKJIUBO riepeHocy 3apsay Ce*” — Ce*'. Jlpyra, ckopii 3a yce, moB’sizana 3 4{-5d
enekTpoHHUME Tiepexopamu B #oni Ce’" [11]. Ile 3Haunimi 3miHu BigOyBarOThCS 31
cnektpamu B y Buaumomy i ommkaboMy Y niana3zoHax crexrTpy.

Tak, kinpkicte cMyr B [Y giama3oni 3aBasku 4f-4f enekTpoHHUM mepexoaaM pi3ko
CKOPOYYETHCS, a Ti, IO 3AJIUIIMINCA, TEPIUIATh CYTTEBUH TICOXpOMHHUH 3¢yB. Jlo TOro
K, B oomacti A=1800-2100 cm' 3’sIBISIOTBCS (IOCUTH HECHOAIBAHO, HA MEPIIUH IT0-
II1) IOBOMI IMPOKA ¥ iHTEHCHBHA CMyTa NOIIMHAHHS. Ii BUSBIEHO yHepIle HaMH
npubIM3HO Ha TOMY K Micli, Jie epeOyBae anasnoriuna cmyra 4f-4f nepexonis y EuF,
[11,12].
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Puc. 2. Cnexrpu nudysnoro Binourts B YO (@), Bunumomy (6)
it ommxaboMy 4 (6) miamazonax cucremu SmF -CeF,

Fig. 2. Spectra of diffuse reflectance in UV (a), visible (6) and near IR ()
ranges of SmF -CeF, system

3Bijick MOsKHA 3pOOMTH OHO3HAYHKI BUCHOBOK ITPO HAsIBHICTh HOHIB Sm>", 110 Mic-
Ts1b 4f° mipiBeHs, sk i fonn Eu®’. 3po3ymisio, 1110 yepes pi3Hi po3MipHO — 3aps/IoBi ma-
pameTpH BIAMOBITHUX HOHIB, (hopMa i pO3TaIlyBaHHS CMYT MalOTh JICIIO BiPI3HATHCS
OIHE BiJ OAHOTO.
Tabmuus 2
IMonoxkenns Ta iINTEHCHBHICTH NiKiB noruHanus cucrem SmF -CeF, Ta

SmF -CeF -NaCl-KCl y Bugumomy i Gnmxubomy I nianazonax cnexrpy
Table 2

The position and intensity of the absorbance peaks of the SmF,-CeF, and

SmF -CeF ,-NaCl-KCl systems in the visible and near IR ranges of the spectrum

Cucrema A ,um/F(R),y.o.

MaKc.

410/0,218; 460/0,51; 480/0,19; 490/0,153; 540/0,37; 645/0,293;

SmF -CeF, 900/0,035; 1155/0,113; 1180/0,07; 1890(11:1.)/0,058; 1940/0,135;
2000/0,13
HYIT* 450/0,02; 560/0,015; 1110/0,01; 1600/0,042

SmF,-CeF,-NaCI-KCl
BUIT** |450/0,016; 560/0,01; 1110/0,012; 1600/0,054; 1880/0,01

Mpumitka: *HUII — HikHs yactiHa tiaBy, **BUIT — BepxHs yacTHHA TUIaBy

Butpumka 3paska y posmiasi NaCl-KCIl npu3BoauTs 10 moAaiIbIINX 3MiH Y CIICK-
Tpax nudy3Horo BigouTTs (puc. 3, Tabdmn. 3).
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Puc. 3. Cnexrpu qudysHoro Binoutts B YO (a), Bugumomy (6) it ommxasomy Y () miamasonax
cuctemu SmF,-CeF,-NaCl-KCI: 1 — HukHs 9acTHHA MIaBY, 2 — BEPXHs YACTHHA MIIaBY

Fig. 3. Spectrum of diffuse reflectance in UV (a), visible (6) and near IR (8) ranges
of the SmF -CeF,-NaCl-KCI system: 1 — the lower part of the melt, 2 — the upper part of the melt

Crin 3a3Ha4YMTH, IO B I[HOMY BHITQAKY BHMipH criekTpiB /B mpoBommmm sk st
BEPXHBOT (PO3YMH — PO3ILIAB), TaK 1 JJIsi HWKHBOI (HEPOUMHHHUM 3aJIUIIOK) YaCTHH
COBbOBOTO IIaBy. OTXKE, TYT B AiI0 Ma€ BCTYNUTH (PAKTOP PO3UMHHOCTI CIIOJIYK y CO-
JILOBOMY PO3TOIIi, a TAKOXK CITiJl BpaXOBYBaTH iXHIO B3a€MOJIII0 Y PO3UUHHOMY CTaHi.

Tabuuus 3
Ioaoxenns i inTencuBHicTh mikiB norunanns cucrem SmF,-CeF, Ta
SmF,-CeF -NaCl-KCl B Y® nianasoni ciekrpy
Table 3
Position and intensity of the absorbance peaks of the SmF,-CeF, and
SmF,-CeF,-NaCl-KCl systems in the UV range of the spectrum
C Moso:xxenns InTencuBHnicthb, F(R),
ncrema
MaKCHMYMY, HM B.O.
SmF,-CeF, 215 240 260 325 2,31 2,64 2,62 0,54
SmF,-CeF,-NaCl-KClI HYIT* 280+330 365 -0,006 + —0,05 0,02
BUIT** 205 + 320 365 -0,006 + 0,05 0,02

Ipumitka: HUIT* — HuwkHs yactuna miaBy, BUIT** — BepxHs yacTHHA IU1aBy

Takum YMHOM, a0COJTFOTHI 3HAYCHHS IHTCHCUBHOCTI CMYT y BEpXHil 9aCTHHI MatOTh
MOCTYIATHCS TAKAM JUIsl HWKHBOT YACTUHM 1 TUM OLIbIIE — IS IPOXKAPEHOT0 3pa3Ka.
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3 puc. 3 BuruMBae, 1m0 xapakrepui ;s Sm* emyru [11, 12] y Bumumomy i Oiik-
HhoMy [Y nianmazoHax CIEKTPY clIaOMIal0Th, SMEHIIYIOTHCS 32 CBOEKO KUTBKICTIO M TEpIT-
JISITh TIOAIBIINN TIIICOXPOMHUH 3CYB.

Tak, 3 ’sitrt cmyT 4f-4f iepexo/1iB y BUAMMOMY Jiara3oHi miciisi 00poOKH B po3Iiia-
Bi NaCl-KCl 3anumaerbes nuie i HAWOUTBI IHTEHCHUBHI, PelITa K BUPOIKYETHCS
y cnabki mivku. Jlemo ciradirae, ajge 3amuimaeThes cmyra y aiamasoni 1800-2100 v,
X04a W 3MIIIYEThCS Y KOPOTKOXBHIIBOBUM Jiama3oH. OTxke, CIIOCTEPIracTbes CyTTEBA
3MiHa CIBBIAHOIIECHHs MK HoHamMu Sm*" Ta Sm?* Ha KOpUCTh ocTaHHiX. [Ipore, ciix
Opatu 710 yBaru MOJIMBIiCTh 3HHUIEHHs YacTuHr Sm(I]) cionykamu Ce(1V) y posmasi
3a CXEMOIO:

SmCl, + K,CeCl, — SmCl,+ 2KCI + CeCl.. (6)

Toit paxr, mo cniekrpu [IB (0co0nuBoO, y BUAMMOMY JIiala30Hi) BEpXHBOT i HUKHBOT
YaCTHH COJBOBOTO IUIABY € Iy)Ke OJM3bKHMH 32 TIOJOKCHHSIM CMYT Ta IXHBOIO 1HTEH-
CUBHICTIO, HABOANUTH HA JTYMKY PO CIJIBHE IPOCOYYBAHHS CONEOBOTO PO3ILIABY KPi3h
HEpO3YMHHMN 3amuiiok. [Ipote, B U niana3oHi pi3HULS MiX IHTEHCUBHOCTSIMH CMYT
MOTVIMHAHHSI BEPXHBOI Ta HIKHBOI YaCTHH IUIABY € TOBOJII TIOMITHOIO.

3asepmmty posrsan cnekrpis JIB cucremu SmF, -CeF,-NaCl-KCl cnin posrsgom
ixHIX ocoOnuBocTeld B YD miana3oHi crnektpy (puc. 3a). XapakTepHUM IS HUX Ha-
SIBHICTB BEJIMKOI KIJIBKOCTI MiKiB, CMYT, CKOpINI 3a yce, 3a paxyHok 4f-4f enexkTpoHHUX
nepexoiB y Wonax Sm>* ta Sm?,

e omHiE OCOOIMBICTIO € «3aHYPEHHS» OLTBIIOT YacTHHM criekTpa JIB y obnacts
Bix’emMHEX 3HaueHb F(R); 11e MoXke CIyryBaTH 03HAKOIO MOXKIIUBOTO TIPOSIBY JIFOMiHEC-
IIEHIIIT y Jiama3oHi, OMU3bKOMY JI0 0OTOBOPIOBAHOTO.

Cnekrp mominecuenuii cucremu SmF -CeF,, mo npofimm BUCoKoTeMIIEpaTypHY
00po0OKy (puc. 4) Bil3HAYAETHCS HASIBHICTIO TPHOX HAWBHUPA3HIIIMX CMYT.

¥10°, B.0.
3 4

0 T T T T
300 400 500 600 700

A, HM
Puc. 4. Cnexrp mominecuenuii cucremu SmF,-CeF, npu HacTyHUMX napameTpax:
A =265 nwm, minuna 3,0-3,0 am

Fig. 4. Luminescence spectrum of the SmF,-CeF, system at the following
parameters: A = 265 nm, slit 3.0-3.0 nm

32



Cnexmpockoniune docriodcenns convosux niaesie cucmemu Smk -CeF -NaCI-KCl

[Tepia 3 Hux — B obnacti 340—-380 HM, OYEBHIHO, BIATIOBIIAE JTFOMIHECIICHIIIT HOHIB
Ce** (5d-4f enextponni nepexomm). [i iHTEeHCHBHICTB € He Iy’Ke BETMKOIO, MOKIIHBO de-
pe3 HasBHICTH HoniB Ce*™ JIpyra i Tperst cMyru y miamasonax 400—450 um ta 640660
HM, BiIIIOBIHO, € BIIOOpaKEHHSIM JIFOMIHECIICHITIT HOHIB Sm*" (loHKn Sm>" BUSBIISIOTH
Jy’)Ke cinaOKy JIFoMiHecHeHIi10) 3aBasaku Sd-4f i1, moxknuBo 4f-4f enexkTpoHHUM Tepe-
xonaM. HasiBHI pO3IIEIUICHHS 3a3HaY€HUX CMYT Ha BY3bKi ITIKU CBIIYaTh PO MOMKIIH-
BicTh mposiBy 5d-4f enekTpOHHUX MepexoiB B HOHI Sm**. 3HaYHO BHIIA IHTCHCHBHICTD
moMinecuennii SmF, nopinsno 3 Takoro st CeF, € cBinueHHsamM Ha KOPUCTh OiTbIIO
YCIHIITHOCTI €IEKTPOHHMX MEPEXOIIB MIXK Pi3HOBAJIEHTHUMH HoHaMu Sm? ta Sm3*; Ha-
tomictp o Ce*" Bimirpae ponb racuuka mominecueniii Ce**. O6pobka 3pa3ka cucre-
mu SmF_-CeF, y posnnasi NaCl-KCl cyTreBo BrumBae Ha HOTo CHIEKTp JIFOMiHECHEHIIT

(puc. 5).

1*107, B.o.
61

2
0 N T T T T T
300 400 500 600 700 800

A, HM

Puc. 5. CriekTpu JTFOMiHECIICHIIIT CHCTEMH SmF3-CeF3-NaC1-KC1: 1 — HIDKHS YaCTHHA IUIaBY, km_: 270
uM, minuaa 3,0-3,0 uM, 2 — BepXHs 9acTHHA TaBy, A, =310 uwm, minuna 3,0-3,0 HM

Fig. 5. Luminescence spectrum of the SmF,-CeF,-NaCl-KCl system: 1 — lower part of the melt,
A, =270 nm, 3.0-3.0 nm, 2 — upper part of the melt, A =310 nm, slit 3.0-3.0nm

Crnocrepiraerbes cyTTeBe (y AECSATKH pa3iB) 3pOCTaHHS IHTEHCHUBHOCTI JIFOMi-
HecteHIii. [Ipu npoMy HaWOITBIIIOK IHTCHCUBHICTIO BiJI3HAYAETHCS CMyTa, IO Bij-
MOBiZ[a€ BHYTPILIHBOLCHTPOBUM €JIEKTPOHHUM Tepexomam y HoHax Ce*'. Xoua
IHTEHCUBHICTb JIFOMIHECIEHIIIT HOHIB Sm?" TakoX CHJIBHO 3pOCTa€, BOHA HENIO I10-
CTYMAEThCSI TaKil Jyisi momepeqHboi cmyru, mo Hanexuts Ce’’. Ilpu 1pomy BoHa
PO3LIMPIOETHCS Yy JIEKiIbKa pasiB MOPIBHSAHO 3 aHAJOTIYHOIO CMYTOIO0 Y CHCTEMI
SmF -CeF, 10 06po6ku y posmasi NaCl-KCl. O4eBuno, 3rajani 3MiHu BiI0yBarOTh-
Csl BHACJIIJIOK JIEKUTBKOX B3aEMOIIOB’sI3aHUX MPOLIECIB: @) PO3KJIalaHHs HOBOYTBOPEHO-
ro CeCl, 3a cxemoro:

CeCl, — CeCl, + 1/2CL1, (7)
a TaKoXX MOro BWIIITAaHHS, II€ TIOCIa0I0e eeKT raciHHs JIOMIHECIeHIIil; 0) YaCTKOBE

okucHenns SmCl, tum xe CeCl,;:
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SmCl, + CeCl, — SmCI, + CeCl,. (®)

Crin Takox BpaxoByBaTH, IO MICHs KpHCTati3amii po3duHy — pO3IUIaBY yTBOPIO-
€TbCSA BEJIMUE3HA KIIBKICTh YIBTPAMIKPOJUCIEPCHUX YACTOK (PTOPHUJIIB, OTOYECHUX
cTabUTi3yI0OuMMHU 000JIOHKAaMU XJIOPUIB, III0 Ma€ MOCHIIOBATH €(DEeKT JIFOMiHECHCHII.
IixaBo, 110 CIIEKTPH JIOMIHECIEHIII] HEPOZYMHHOTO 3IUIIKY (HM)KHS 4acTHHA 3pa3Ka)
I 3aCTUIVIOTO PO3YMHY — PO3ILIaBYy (BEpXHS YacTHUHA 3pa3Ka) € AyXe MOAIOHUMH OfHE
JI0O OJHOTO; MPH LbOMY IHTEHCHBHICTh OCTAHHBOTO HABITh MOCTYHA€THCS MEPIIOMY
3 HUX, Ha BiaMiHy, Hanpukiaj, Bix cucremu EuF,-CeF,-NaCl-KCl1 [9].

BUCHOBKHA

CHEeKTPOCKOMIIYHIUMH METOJIaMH TATBEPKCHO OKHCHO-BITHOBHY B3a€MOIIIF0 MIXK
SmF, ta CeF, y TBepnodasnomy npoueci 3 YTBOPEHHSM CHONyK i (a3 Ha ocHOBI SMF >
BcranosieHo (akT po3uMHEHHs MPOAYKTIB B3aeMofii (mepepaxHo SmF,) y posmiasi
NaCl-KCl, mpo 1o ¢BiJ4uTh BEJIbMU IHTCHCHBHA JIFOMIHECIICHITIS ¥ aiana3oHi 640—740
HM 3aBIsKd 5d-4f eneKTpOHHNM MepexoaaM y HoHax Sm?* y coJpOBOMY ILIaBI.
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CIIEKTPOCKOIIMYECKOE UCCJIIEJOBAHUE COJIEBbBIX
IJIABOB CUCTEMbI SmF,-CeF ,-NaCl-KCl

Metogamun UMK cnekTpockomuy MNpOIMYyCKAaHUS, AIEKTPOHHOH CHEKTpOoCcKomnH anuddys-
HOTO OTpaXCHHs M JIIOMHHECHEHTHOW CIIEKTPOCKOIIMM YCTAHOBICHO OKHCIHTEIbHO-
BOCCTAHOBHUTENBHOE B3aMMOIEHCTBHE MeXk/y Komronentamu cuctem SmF,-CeF, u SmF .-
CeF,-NaCl-KCl. Obnapy»eHO CyIeCTBEHHOE CHIDKeHHE mpo3paunocTd B UK nunamasone
CIIEKTpa TPH IIEPEXo/ie OT NMEPBOH U3 CHCTEM KO BTOPOH, ITO OOBSCHSACTCS YCHICHHEM pac-
CeSTHUSI YIIBTPaMHUKPOIUCIEPCHBIMU YacTHIIAMHU ()TOPHJIOB B COJICBOM IUIaBe. B obenx cucre-
Max HaOmonaeTcs oOpazoBanue 3HaunTenbHOro uncna Sm(Il) u ymensinenne comepxaHus
Sm(III). i3mMeHeHre BaIEHTHOTO COCTOSTHISI CaMapysi Kak Ipu TBepaoda3Hoit TepMooOpadboT-
ke (1100 °C), Tak u pH BeIIEpKKe B coneBoM paciutase mpu 700 °C mposiBisieTcs B HcUes-
HOBEHHH OJTHUX I10JIOC MOIIOIICHNUS, BOSBHUKHOBEHUH HOBBIX MOJIOC M THIICOXPOMHOM CIIBHTE
ocraBmmxcs nonoc. Ha criekrpax ToMIHECIIEHIINY HAOTIONAIOTCS TIOJIOCHI H3ITyYSHUSI BBICO-
KO# HHTEHCHBHOCTH B uana3one 640—740 HM, KOTOpbIE COOTBETCTBYIOT 5d-4f 3eKTpOHHBIM
nepexofaMm B MOoHax Sm?>*. B To jxe Bpemsi HanOOJbIeH HHTEHCHBHOCTBIO OTMEYaeTCsl Mo-
JI0Ca, OTBEYAroIIasi BHYTPUIIEHTPOBBIM 5d-4f snekTpoHHbIM mepexonam B nonax Ce**. ITlo-
Bunumomy, coenuaenne Ce(IV), obpasyromieecs B pe3yabTaTe 0OMEHHOH peaknuy CI0KHOTO
(bropuna c coneBbIM pacIIaBOM, YIECTYYHBACTCS C MOCIIEIYIONINM Pa3JI0KEHUEM U HE OKa3bl-
BaeT BIMSHMS HA XapaKTep JTIOMHHECIICHITHH.

B 1esoM, MHTEHCHBHOCTD JIFOMHHECLIEHIIH TOCIe 00paOOTKH B COJIEBOM PACIlIaBe BO3pac-
TaeT B HECKOJIBKO JAECSTKOB Pa3, 4TO TOBOPHUT O CYIIECTBEHHOM H3MEHEHNN MEXaHH3Ma H3IIy-
yeHnsi. OOCYKIeH MEXaHH3M OKHCINTEIbHO-BOCCTAHOBUTEBHBIX PEaKinii B TBep1odhazHOM
COCTOSIHHH, a TaK)keé OOMEHHBIX MPOIECCOB B COJIEBOM pacIuIaBe U MOCIIE ero KpUCTAIIN3a-
tmu. [Ipennonaraercs 3Ha4UTEIbHAS POJIb COJIBBATHBIX 000JIOUEK BOKPYT YacTHIl (TOPHIOB
JIAHTAHHUJIOB B MPOIeCccax JIIOMUHECIICHIINH.

KnioueBble cjoBa: crnekTpocKkonmmieckne MeTonbl, (Gropupj camapus, (GpTopHI Iepwus,
OKHCJIEHNE-BOCCTAHOBIIEHNE, COJIEBOI IJIaB, CONbBAaTHBIE OOONOYKU YACTHUI], JTIOMUHEC-
LEHIINS.
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SPECTROSCOPIC STUDY OF SALT MELTS
OF THE SmF,-CeF,-NaCI-KCI SYSTEM

Redox interactions between the components of the SmF,-CeF, and SmF,-CeF,-NaCl-KCl
systems have been established by IR transmission spectroscopy, diffuse reflectance electron
spectroscopy and luminescence spectroscopy. A significant decrease in the transparency in the
IR range of the spectrum was found when passing from the first of the systems to the second,
which is explained by an increase in scattering by ultramicrodispersed particles of fluorides in
the salt melt. In both systems, the formation of a significant amount of Sm (II) and a decrease
in the content of Sm (III) are observed. The change in the valence state of Samarium both
during solid-phase heat treatment (1100 °C) and during holding in a salt melt at 700 °C is
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manifested in the disappearance of some absorption bands, the appearance of new bands, and
a gypsochromic shift of the remaining bands. The luminescence spectra exhibit high-intensity
emission bands in the 640-740 nm range, which correspond to 5d-4f electronic transitions
in Sm?* ions. At the same time, the highest intensity is observed in the band corresponding
to intracenter 5d-4f electronic transitions in Ce*" ions. Apparently, the Ce(IV) compound,
formed as a result of the exchange reaction of complex fluoride with a salt melt, volatilizes
with subsequent decomposition and does not affect the character of luminescence.

On the whole, the luminescence intensity after treatment in the molten salt increases by
several tens of times, which indicates a significant change in the radiation mechanism. The
mechanism of redox reactions in the solid-phase state, as well as exchange processes in the
salt melt and after its crystallization, is discussed. A significant role of solvation shells around
particles of lanthanide fluorides in luminescence processes is assumed.

Keywords: spectroscopic methods, Samarium fluoride, Cerium fluoride, oxidation —
reduction, salt melt, solvation shells of particles, luminescence.
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BIOJIOT'TYHA AKTUBHICTb N-{3-[(4-METUJIBEH3EH-1-
CYJIb®OHIDIMIHO]-6-OKCOHUKJIOI'EKCA-1,4-A1€H-1-1J1}
APUJIAMIIAIB TA IX MOXIJTHUX

JlocmikeHHsT METOIOM CepifHMX po3BeleHb MoKazamd, mo N-{3-[(4-meTmnOeH3eH-1-
cynb(oHiT)iMiHO]-6-0Kconnknorekca- 1,4-ieH-1-inapunaMian Ta iX MOXiJHI MPOSBISIOTH
OaKTepUIUIHY 1 PYHTIHIHY aKTUBHOCTI — MiHIMaJIbHa OaKTEPUIIIHA KOHIICHTPALis CKIIa/Ia€
62,5 MKI/MII IO BiIHOIIEHHIO J10 OakTtepiit Mycobacterium luteum, MiHiMaabHa (QyHTiUIHA
KOHIICHTpAIIisl TOPiBHIOE 62,5 MKI/MII TIpH Aii Ha 1BiIEBi TpuOH Aspergillus niger. Metonom
nudy3ii pedoBHH B arap BCTAHOBJIEHO, IO JIaHi CHOJYKH B JOCHIIKYBaHUX KOHIIEHTPALISIX
MIPOSIBUJIM HU3bKi MMOKa3HWKU aKTUBHOCTI IO BiJHOIIEHHIO 10 Oaxrepiil Escherichia coli,
Staphylococcus aureus, Mycobacterium luteum i rpu6iB Candida tenuis, Aspergillus niger.

KirouoBi cjioBa: GakTepuinaHa aKTUBHICTb, QYHTIIIM/IHA aKTUBHICTb, XIHOHIMIH, OCH3aMi/,
MeToq TUQy3ii peHOBUH B arap, METO/I CEpiifHUX PO3BE/ICHb.

IH(exkiliHI 3aXBOPIOBAHHS 3aBXIHM OyJM OCHOBHOKO MPUYMHOIO MAcoBOi 3arubeni
HAaCEJICHHS, 0COOJIMBO IMiJT yac emigemiit. I xoya 3apa3 BipycHa 1H(EKIlis 3aTHIIAEThCS
CepHO3HOIO 3arp03010 JIJIs JIF0AeH, 3a ocTaHHi 60 POKIB 3aBISKU aHTHOIOTUKAM BIATIOCS
JIOCSATTH 3HAYHOTO IPOTPECy B 3HIDKCHHI 3aXBOPIOBAHOCTI Ta JICTAILHOCTI Bix OakTe-
pianpHuX iHMeknii. OmHak, BKe 3apa3 OyBac BaKKO CBOEYACHO BH3HAYHUTH aJICKBATHY
aHTHOAKTEpiabHy TEpaIiio i He MOKHA CKa3aTH, IO 3aCTOCYBAaHHS HaiCydYacCHIIIHX
AHTUOIOTHKIB TapaHTy€e KIIIHIYHUE YCIIX MPH BaXKKil iHpekmii [1].

Yacte BUKOPUCTAHHS 1 37TOBKHBAHHS aHTHOIOTHKAMH 32 MHHYII KiTbKa JECSATH-
JIITh 3pOCH B MEAMIIMHI, BETEPHUHAPIT 1 CITbChKOMY TocroaapcTsi. [TosiBa pe3ucTeHT-
HUX 1H(QEKIIHHUX areHTIB CTA€ BAXJIUBOIO 1 3arpo3jIMBOIO npobiemoro. Hampukian,
CETICHC 3AIUIIAETHCS OTHICIO 3 TOJIOBHUX IIPUYHH CMEPTHOCTI 1 3aXBOPIOBAHOCTI, HE-
3Ba)KAKOUM HA BUCOKHWH PIBEHb MEIUYHOTO OOCIYTOBYBAaHHS 1 JOCTYITHICTh aHTHO10-
THKIB IIHPOKOT i [2].

Cepii03HOI0 MPOOIEMOI0 OXOPOHU 3[0POB’SI B yCHOMY CBITi CTaJIH MUTAHHS ITOIIHU-
peHHS 1 JIIKyBaHHS MOJIPE3UCTEHTHUX TH(EKIIN, Ha3BaHUX AMEPUKaHCHKHM TOBapH-
CTBOM 3 iH(ekmiiHuX 3axBoproBanb (IDSA) «kESKAPE»-narorenamu, 10 KX, HallpH-
KJIaJI, BITHOCHUTHCS 30JI0TUCTHIA cTadinokok (Staphylococcus aureus, MRSA) [3].

Bracniiok IMHApOKOro 3aCTOCYBaHHS aHTHOIOTHKIB KOMMEHCAIbHA (Jiopa JFOIUHH,
10 SIKOi BiTHOCUTHCS KHUIIKOBA nanudka (Escherichia coli), Takoxx HaOyBae pe3UCTEHT-
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HOCTI [4]. Escherichia coli — HaliuuclieHHII aepoOHI KOMMEHCAI TOBCTOTO KHIIIEY-
HUKY. [IeBHI ITaMU BUKJIMKAIOTh Jiapero, BCi ITAMU MOXYThb BUKIIMKATH iH(peKito,
SKIIO0 BOHH TOTPAIUIIOTh B CTEPIUIBHI JIOKYCH OpraHizMmy mronuHu [5]. HeraruBHmit
BIUTMB Ma€ TAaKOXX KPYrooOir MaTroreHiB uepes MPOXYKTH XapuyBaHHS Ta 00 €KTH Ha-
BKOJIMIITHBOTO CEPEAOBUINA. BHUSIBICHO 3HAYHE 3HIDKCHHS Yy TIIMBOCTI 10 aHTHOIOTUKIB
y Escherichia coli, BunliieHHX i3 CHPOTO KypyaTd, OBOYEBOTO Caiary, CUpPOro M’sca,
MOBEPXHI CUPOTO SiflIsg, HEeMacTepru30BaHOTO MoJioKa Ta iH. [6]. [ligBuIIeHHS YacToTH
HETOCHITANBHUX THeKIIH, 00yMoBIleHUX Escherichia coli — nponyueatom ESBL, Bu-
3HAETHCS TOJOBHOIO KIITHIYHOIO ITPOOIeMOoro B €BpoTi Ta iHIIKMX perioHax cBity [7].

ToMy akTyaJlbHUM € TIOIIYK HOBUX CTPYKTYPHHX IPOTOTHIIIB BHUCOKOAKTHBHHX
«CTIOJYK-JTIIEPiB» JUIS CTBOPEHHS aHTUMIKPOOHHX 3aco0iB. B monepenHix 1o cimiIKeH-
HSIX BCTAHOBJICHO, IO JESIKi MOX1/IHI, SIKi MICTSITh XIHOITHUN (PparMeHT MmoKazayim Oak-
TEPUIMIHUN ePeKT Mo BIAHOIICHHIO 10 Oaktepi Escherichia coli, Staphylococcus
aureus ta Mycobacterium luteum Ta BUCOKI 3Hau€HHS (QYHTIHIHOI aKTMBHOCTI JO
KyIsTypH rpudiB Aspergillus niger i Candida tenuis [8, 9]. T1oXiiHI XIHOHIMIHIB ITPOSB-
JSIOTh TAaKOXK QyHTimMIHy akTuBHICTH [10]. 3 iHIoro 60Ky, 6eH3aMin Ta Horo moxiaHi
MPOSBJISIIOTH MIMPOKHUH CHIEKTP 610JI0T1YHOT aKTUBHOCTI, 30KpeMa, IPOTUMIKPOOHY, 3HE-
00JTr0104Y, TPOTU3aNIANIBHY, TPOTHITYXJIMHHY, ceplieBO-cyarHAY [11, 12].

Panime cunre3oBano HOBi N- {3-[(apuii- 1 -cynb(oHin)iMiHO |-6-0kconmkiorekca- 1,4-
ni€eH-1-ut}apwraminu [13, 14], siki B CBOTH CTPYKTYpl MICTATh XIHOITHE SO 1 aruia-
MiHOrpyIty. HOBi cuHTe30BaHi apuiaMiin MOXKYTh OyTH CTPYKTYPHUMH IMPOTOTUIIAMU
BHCOKOAKTUBHHUX «CHOJYK-TIICPiB» JIJIsi CTBOPCHHS aHTUMIKPOOHUX 1 (DyHTIIMIHUX
npenaparis. ToMy JOITBEHO TPOBECTH CKPUHIHTOBI TOCIIKEHHS CEPe/l CIONYK AaHO-
rO KJIacy Ha IpeJMEeT BHUSBICHHS PEUOBUH 13 BUPAKEHUMHU aHTUMIKpOOHUMH abo (yH-
TIIUTHAMH BIACTHBOCTSIMH.

Metoro gaHoi poboTH € BH3Ha4YeHHs aHTHOakTepianbHOl nii HOBHX N-{3-[(4-
MeTHIOCH3eH- 1 -Cynb(hOoH1IT)IMIHO [-6-OKCOIMKIIOreKca- 1 ,4-mieH-1 -1} apunamMigie -~ Ta
iX MOXiAHMX MO BIJHOIICHHIO 10 Oaktepiu Escherichia coli, Staphylococcus aureus,
Mycobacterium luteum, a TakoX iX (YHTIUIHUX BIACTHBOCTCH IO BiTHOIICHHIO 10
rpubiB Candida tenuis, Aspergillus niger.

MATEPIAJIN I METOAU JOCJIAXKEHHSA

IY crexTpu CMHTE30BaHUX CIIOTYK 3amucyBanu Ha crnekrpomerpi UR-20 B Tabier-
kax KBr. AHaji3 9MCTOTH TOCIIIKYBaHUX CIIOTYK poBoautu MetomoM TIHIX Ha mac-
trHax Silufol UV-254. Jng cnonyk 1a—f, 3—5 B SIKOCTI pO3YMHHHKA BUKOPHCTOBYBAIH
XJ0pohopM, ETIOEHT — cUCTeMa PO3UMHHUKIB OeH3eH-rekcan, 10:1, ans cnonyk 2a—e
B SIKOCTI PO3UMHHIKA BUKOPHUCTOBYBAIIN IIPOMAH-2-0H, EIIOCHT — CHCTEMa PO3YMHHUKIB
6enzen-erunarnerar, 10:1. IIposiB Y®-cBiTiioM.

N-{3-[(4-MeTuaodensen-1-cynabponii)imino]-6-okconukiorexca-1,4-nien-1-ia}
apuiamigun la—f cuHTE30BaHO 3a PEaKIli€r0 BiAMOBIMHUX N-(4-OKCOIUKIIOreKca-2,5-
nieH-1-inigeH)apwicyinbpoHaMigiB 3 N-xyiopaMigaMu 31 CIiBBIJIHOILIEHHSIM pearcH-
TiB 1:2 y pO34MHI MpOIMaH-2-0Hy 3a MPUCYTHOCTI TPUETHUIIAMIHY 32 METOJMKOI [15].
Xapakrepuctuku cnonyk la—f Binnmosinatots giteparypHum nanum — la, b, d [15], 1c,
e, f[13].
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N-{3-[(4-memunbenszen- 1-cynoponin)imino]-6-oxcoyurnozexca-1,4-dicn- 1-in}apunamiou

N-{2-T'inpoxcu-5-[(4-meTnndensen-1-cyiabdonin)amino| penina}apuaamian
2a, b cuHTE30BaHI B pe3yJIbTaTi BIIIHOBICHHS BIANOBIMHUX N-{3-[(4-MeTninbOeH3eH-1-
Cyib(OH1LIT)iMIHO |-6-0KconmKIIorekca- 1,4-nien-1-i1} apunaminis [ 15], apuaamiam 2¢, d
OTPUMAHO B pe3yJIbTaTi TiIpOraloreHyBaHHs, ApUJIaMij 2e — B pe3yiibTaTi TiolllaHyBaH-
HA BianoBigHux N-{3-[(4-meTtunbdenseH-1-cynb@oHin)iMiHo|-6-okcouukiorekca-1,4-
nien-1-in}apunaminis 1 3a metoauxoro [14].

N-{4-|(4-MeTniabdensen-1-cyanponin)ivino]-1-oxco-1,4-qurinponadranen-2-
in}oenzamin 3, N-[3-(kap6amoinamino)-4-oxconadranen-1(4H)-ininen]-
4-meTnnben3eH-1-cyabponamin 4 cunrezoBano 3a meronukoro [15], N, N’-(3,6-
aiokcoumknorekca-1,4-nien-1,4-giin)audensamia S — 3a meronukoro [16].

AHTUMIKpOOHY aKTHBHICTh CHHTE30BAHHX CITOJIYK BUBYAIIM HA TECT-KYJIbTypax Oak-
tepit Escherichia coli 67, Staphylococcus aureus 209-p, Mycobacterium luteum BKM
B-868 Ta rpu6iB Candida tenuis BKM Y-70, Aspergillus niger BKM F-1119 metonom
nudy3ii pedoBUH B arap (i3 3aCTOCYBaHHSM JIYHOK) Ha TBEPAOMY MOKUBHOMY CEpeJIo-
Bumli (M’sico-nentoHHuit arap MITA — mst Gakrepiil, cycno-arap CA — nnst rpu6iB).
MikpobHe HaBaHTaxeHHs1 craHOBHIIO 10° KYO B 1 Mut (Juisi BUTOTOBJIGHHS CycCIeH3il
OaxTepii BUKOPUCTOBYBaJIM cTaHIapT MyTHOCcTi 10 3a Mak®apmanmoM; miapaxyHOK
KIIiTHH (criop) rpubiB 31ilicHIOBaIM B Kamepi [opsieBa). TpuBamicth iHKyOarii OakTe-
piii cxiranana 24 rox. npu temmeparypi 35 °C, rpudiB — 48—72 ron. npu TemMieparypi
28-30 °C.

CTymiHb aKTHBHOCTI JOCII/PKYBAHUX CIIOJYK OIIHIOBAJIM 32 BEJMYMHOKO JiaMETpiB
30H MPUTHIYEHHS POCTY TECT-KYJIBTYP MIKpOOPraHi3MiB, BBXKalOUH, 10 MPHU JiaMeTpi
11-15 MM MiKpoOpratizM MajlodyTIMBHU A0 Tpenapary, npu 16-25 MM — 4yTJIMBUH,
mpu AiaMeTpi Oinbie 25 MM — BUCOKOUYTIMBHHA. II0BTOPIOBAaHICTh KOXKHOTO JOCHTITY
TPUKpATHa.

Minimansry inridytoay (MIK), 6axrepurunny (MBK) i ¢dyrrinnaany (M®K) xon-
[IEHTPAIIF0 BU3HAYAIIN METOJIOM CEepiiHMX PO3BEICHb PEYOBUHU B PIJIKOMY MOKUBHO-
My CepeaoBHIII (M’ SCO-TIENTOHHUI OyIbOH JIJIsl OaKTepii Ta HEOXMEJICHE ITUBHE CYCJI0
6—8"B st rpu6iB) B Mexkax 0,9—500 MKI/MJI i3 3aCTOCYBaHHSM ITONIEPEIHBO IIPUTOTOBA-
HOTO pobovoro po3unny cnoiayku B JIMCO B konnentparii 10000 Mkr/Mi. Y MoxuBHE
CepeIoBHILE 1IHOKYIIIOBAIIM MMOCIBHUI Marepian Oakrepiil 1 rpubiB (MiKpoOHEe HaBaHTa-
xenns 109 KYO Ha 1 mut, BUKOpUCTOBYIOUH cTaHAapT MyTHOCTI 0,5 3a Mak®apnanaom).
3acigHi mpoOipKH BUTPUMYBAIM B TEPMOCTaTi MpH BiAmoBinHii Temmneparypi (37 °C
i 6aktepiit, 30 °C s rpubiB) mpotarom 24—72 ron. PesynbsraTu oIfiHIOBa M 32 Ha-
SIBHICTIO YH BIJICYTHICTIO POCTY MIKpOOPTaHi3MiB, 3/IIMCHIOKOYH Bi3yaJbHUN KOHTPOJIb
B IIPOXOSIYOMY CBITJIi, MOPIBHIOKOUH CTYITIHb MIKpOOHOT MyTHOCTI IIOXKHBHOTO CEPEJIO-
BHIIA 3 HETaTHBHUM KOHTPOJIEM).

Jlis BU3HAYeHHS MiHIMaANIBbHOT OakTepuiuaHoi koHueHtpamii (MBK) abo wiHi-
ManbHOT (yHTinmaHo1 KoHneHTpanii (M®K) 3 mpobipok, B SKUX PO3YHHU CEPEIOBHIIA
BUSIBUJIUCS Bi3yaJibHO Mpo30puMH Binoupanu mo 0,02 mi cepenoBuIla i HAHOCHIIM Ha
crepuibHi MITA (anst Gaktepiit) abo CA (s TpubiB) y crepunbHux vamkax Ilerpi,
siKi iHKyOyBanu B TepMocTtati. OWiHKY pe3yabTaTiB 3AicHIOBANN I TecT-OakTepiit
yepe3 24 roj., Juid TecT-rpu0iB yepes 48—72 rof. 3a BIACYTHICTIO POCTY KOJIOHIH MiKpO-
Oprasi3miB Ha iHKyOoBaHMX yaimkax [lerpi Buznauanum MBK yu M®K nociimkyBanoi
pedoBuHH. [TOBTOPrOBAHICTH JOCIIAY TPUKpATHA.
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PE3YJIBTATH JOCJIAXKEHHSA TA IX AHAJI3

HocnimpkenHss anTubakrepianbHol Al 1O BiAHOWIEHHIO N0 Oakrepit Escherichia
coli, Staphylococcus aureus, Mycobacterium luteum i GyHTILMIHUX BIACTUBOCTEH MO
BiJiHOLLIEHH!IO 110 TpubiB Candida tenuis, Aspergillus niger npoBeieHo Ha crioaykax 1-5
(cxema 1), siKi 3 onHOTO OOKY MICTSTh XiHOTIHE/aMiHO(DEHOIbHE SAPO, a 3 IHIIOT0 — apU-
namigHul parMeHT.

R! R
2
R ° 5 R2 OH_
Ts =
N N TSy N
H H H
la—f X 2a-e X
H
Ph N 0
Y O
0 B
0] N Ph
NH, H

1: R'=R’>=X=H (a), R'=Me, R>=X=H (b), R'=X=Me, R?=H (¢), R'=X=H, R>=Me (d), R'=H,
R>=X=Me (e), R'=R>=X=Me (f) 2: R'=R>=X=H (a), R'=Me, R>=X=H (b), R'=X=Cl, R>=Me (c),
R'=Br, R>=Me, X=Cl (d), R'=SCN, R>=Me, X=ClI (e).

Cxema 1.

[TepBuHHA OIIHKA aHTUMIKPOOHOI aKTUBHOCTI CHOIYK 1—5 mpoBesieHa 3a JI0IoMo-
TOI0 METOY IUQY3ii peIOBUHHU B arap MpH KOHICHTpamisx pedoBuaH 0,5 1 0,1%. Anaiz
OTPUMAaHMX PE3yJBTATIB CBIAYNTH PO TE, IO B JOCIIDKYBAHUX MEXKax KOHIEHTpaIlil
TECTOBI KyIbTypH Oaktepiii Escherichia coli, Staphylococcus aureus ta rpubiB Candida
tenuis 1 Aspergillus niger BUSBHIUCS HEUYTIMBUMH JIO i1 BCIX JOCIIPKYBAaHUX CIIO-
JyK — JliaMeTp 30H MPUTHIYEHHS He repeBuinyBaB 10 mm (Tabnuis 1). TinbKu KynbTypa
Oaxrepiii Mycobacterium luteum BUsSBHANIACS MaJIOYyTJIMBOKO JIO Jii crionyk 2 a, b.

AHai3 MoKa3HUKIB MiHIMaJIbHOT OakTepuIuaHol kKoHteHTpanii (MBK) i minimMans-
HOT 1HTriOyrodoi koHneHTpanii (MIK) cronyk 1-5, BU3HaYeHHX METOIOM CepiitHHMX
PO3BEJICHb, OKA3aB, 1110 HAWOUIBII e(EeKTHBHUMH CEPe] TOCIIHPKYBAHUX CIIOIYK SIBJISI-
toThest apwtaminy 1d, 2a ta 3. MIK crionmyku 2a cknamana 31,2 MKr/Mi ipoTH OakTepii
Mycobacterium luteum, cnonyk 1d ta 3 — 62,5 Mxr/mi ipotu 6akrepiit Mycobacterium
luteum Tta Staphylococcus aureus, BiINoBiAHO (TaOMUIS 2).

AHani3 QyHrinUAHOT aKTUBHOCTI JOCHIKYBaHUX CIIOJIYK MOKa3aB, M0 HAHOUIBII
e(heKTUBHUMH cepesl JOCIiPKYBaHUX CIIONYK € apuiamian 1a ta 2b 1o BiJIHOIIEHHIO
1o TpubiB Aspergillus niger (Tabmuns 3). MiniManbHa 1HTiOyrOYa KOHIICHTpAIIiS CKIa-
nmana 31,2 Mkr/mi, a MiHIMalibHa (YHTIIUIHA KOHIIEHTpatis — 62,5 Mkr/mi. TecTosi
Kynerypu TpubiB Candida tenuis ta Aspergillus niger BUSBUIHCS PE3UCTCHTHUMH 0
nii cnonyk 1b—f, 3-5.
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Taommus 1

DyHridakTepuINIHA AKTHBHICTH cnioyk 1-5 (MeToa audysii peuoBuHu B arap)

Fungibactericidal activity of compounds 1-5

(the method of diffusion of the substances into agar)

Table 1

Homep KoHnuenrpanis, Jiamerp 30H NpUrHiYeHHs POCTY MiKPOOpPraHizmis, MM
CHOJYKH % E.coli S.aureus M. luteum C.tenuis A.niger
0,5 0 0 0 0 7,0
la
0,1 0 0 0 0 0
0,5 0 0 0 0 0
1b
0,1 0 0 0 0 0
0,5 0 0 0 0 7,0
1c
0,1 0 0 0 0 0
0,5 0 0 0 0 0
1d
0,1 0 0 0 0 0
0,5 0 0 0 0 7,0
le
0,1 0 0 0 0 0
0,5 0 0 0 0 7,0
1f
0,1 0 0 0 0 0
0,5 7,0 10,0 15,0 0 7,0
2a
0,1 0 0 8,0 0 0
0,5 8,0 0 12,0 0 10,0
2b
0,1 0 0 0 0 0
0,5 0 0 0 0 7,0
2¢
0,1 0 0 0 0 0
0,5 0 0 0 0 7,0
2d
0,1 0 0 0 0 0
0,5 0 0 0 0 7,0
2e
0,1 0 0 0 0 0
3 0,5 0 10,0 0 0 0
0,1 0 0 0 0 0
4 0,5 0 7,0 0 0 0
0,1 0 0 0 0 0
5 0,5 0 0 0 0 0
0,1 0 0 0 0 0
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Tabmuus 2

IMoxa3znuku MiniMaJbHoI iHridyouoi konuenTpauii (MIK) i minimaabHol 6akTepHuuIHOL

koHueHTpauii (MBK) cnostyk 1-5, 110 Bu3Ha4eHi MeTo10M cepiliHiX po3BeleHb

Table 2

Indicators of minimum inhibitory concentration (MIC) and minimum bactericidal

concentration (MBC) of compounds 1-5, determined by the method of serial dilutions

Kyabrypu 0akrepiii
Homep cnoaykn Escherichia coli Staphylococcus aureus Mycobacterium luteum
MIK, MBK, MIK, MBK, MIK MBK
MKI/MJI MKI/MJI MKI/MJI MKI/MJI MKI/MJI MKI/MJI
la + + + + 125,0 500,0
1b + + 250,0 * 125,0 250,0
1c + + + + 250,0 *
1d + + 500,0 * 62,5 250,0
le + + + + 250,0 *
1f + + + + + +
2a + + 500,0 * 31,2 62,5
2b + + + + 125,0 250,0
2¢ + + + + 250,0 500,0
2d + + + + + +
2e + + + + 500,0 *
3 + + 62,5 125,0 + +
4 + + 125,0 250,0 + +
5 + + + + + +

IIpumiTka. + — B TOCTIDKYBaHUX KOHIIGHTPAIIISIX CIIOCTEPIraBcs picT MIKpOOpraHi3My Ha piBHI KOH-
TpPOIIO;
* — B IOCIIDKYBAaHUX KOHIICHTPAIISX TTOKA3HUKH O10IIHTHOTO €(eKTy HE BCTAaHOBIICHO.

BUCHOBKH

JocnimpkeHHs 01070T19HOT aKTUBHOCTI N-{3-[(4-MeTriOeH3eH- 1 -cynb(hoHiI)iMiHO |-
6-oxconukiorekca-1,4-aien-1-i}apunamigiB Ta iX MOXIIHUX METOJIOM CEpiHHUX PO3-
BEJICHb TOKA3aJIM, M0 HAWOIIbITy OaKTEpUIIUAHY aKTHBHICTH MarOTh N-{4-MeTHi-3-
[(4-meTmnbensen- 1-cynbhoni)iMiHO [-6-0KCcoTTnKIoreKkca- 1 ,4-mieH- 1 -i1} OeH3ami,
N-{2-rizmpokcu-5-[(4-metnnbdensen- 1 -cynbdonin)amino]penin } 6enzaminy  ta  N-{4-
[(4-meTmnbensen- 1-cynbhonin)imino |- 1-0kco- 1,4-murigponadraneH-2-ia } OeH3ami,
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Ta0mwms 3

[oxa3nuku miniMaabHol iHridyo4doi konuentpauii (MIK) i minimanbHol pyHrinuanoi

koHuentpauii (M®K) cnonyk 1-5, n10 Bu3HaueHi MeTooM cepiliHUX po3BeaeHb

Table 3

Indicators of minimum inhibitory concentration (MIC) and minimum fungicidal concentration
(MPC) of compounds 1-5, determined by the method of serial dilutions

Kyabtypu rpubis
Homep cnosykn Candida tenuis Aspergillus niger
MIK, M®K, MIK, M®K,
MKT/MJI MKT/MJI MKTI/MJI MKTI/MJI
la 250,0 500,0 31,2 62,5
1b + + + +
1c + + + +
1d + + + +
le + + + +
1f + + + +
2a 500,0 * 500,0 *
2b 500,0 * 31,2 62,5
2c + + 500,0 *
2d + + 500,0 *
2e + + 500,0 *
3 + + + +
4 + + + +
5 + + + +

[MpumiTka. + — B JOCHIHKYBaHUX KOHIIEHTPALSIX CIIOCTEPIraBcs PicT MiKpOOpraHi3My Ha piBHi KOHT-

poutio;

* — B IOCIIPKYBAaHUX KOHIICHTPAIISX TOKA3HUKK O10IIMTHOTO €(eKTy HE BCTAHOBIICHO.

a HaOLIbITy (PYHTINMHY aKTUBHICTH MPOSBHIN apriiaMiau N-{3-[(4-meTnnbOen3eH-1-
cynb(oHLIT)iMiHO |-6-0kconmkorekca- 1,4-nien-1-in}oen3aminy  ta N-{2-TiIpokcu-3-
MeTHI-5-[(4-MeTriOeH3eH- 1 -cyib(oHiNI)aMiHo |perin } Oen3amia.  Metogom  nudysii
PCUYOBHH B arap BCTAHOBJICHO, LIO JaHi CIIOJYKU MPOSBUIIM HU3bKI MOKA3HUKU aKTHB-
HOCTI B JIOCJI/DKYBaHHX KOHIICHTPAIIISIX 110 BIIHOIICHH!O JI0 OakTepiit Escherichia coli,
Staphylococcus aureus, Mycobacterium luteum 1 rpubiB Candida tenuis, Aspergillus
niger Ha TBEPIOMY TIOKUBHOMY CEpEIOBHILL.
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BUOJJIOTUYECKAS AKTUBHOCTD N-{3-[(4-
METUWJIBEH3EH-1-CYJIb®OHUWJ)UMHUHO]-6-
OKCOLUKJIOT'EKCA-1,4-TUEH-1-UJI}APUJIAMUN OB
N UX IMTPOU3BOJHbBIX

HccnenoBanuss METOIOM CEpUHHBIX pa3BeAeHUH Mokazand, uyTo N-{3-[(4-meTnnbenson-1-
Cynb()OHMIT)UMHUHO |-6-0KconnKIorekca- 1,4-ueH- 1 -1} apuiaaMu/bl U X TPOU3BOHBIE TTPO-
SIBJIAIOT OAKTEPUINAHYIO U (YHTHITHIHYIO aKTHBHOCTH — MHHUMAJIbHAs OaKTEePUIIIHAS KOH-
LEHTPaNUs COCTaBIsAeT 62,5 MKI/MII IO OTHOIIEHHIO K Oakrepusim Mycobacterium luteum,
MHHHUMaJbHas (GyHIHIM/IHAS KOHLEHTpAIMs paBHa 62,5 MKI/MJI P BO3JCHCTBUH Ha IUIeC-
HeBble rpuObl Aspergillus niger. Metomom nudQy3un BeIecTB B arap yCTaHOBJIEHO, YTO AaH-
HBIE COETMHEHHNS B MCCIIETYeMbIX KOHICHTPAIMAX TPOSIBUIIN HU3KHE TTOKA3aTeNN aKTUBHO-
CTH I10 OTHOIIEHHUIO K Gaktepusm Escherichia coli, Staphylococcus aureus, Mycobacterium
luteum v rpudam Candida tenuis, Aspergillus niger.

KirodeBble ci1oBa: GakTepulniHAsS aKTHBHOCTb, (DYHIMIM/IHAS aKTHBHOCTb, XMHOHHMUH,
OeH3amut, Metox uQdy3nu BEIECTB B arap, METO/ CEPUITHBIX Pa3BeJCHUIH.

S.A. Konovalova!, A. P. Avdeenko!, V. 1. Lubenets?, O.Z. Komarovska-
Porokhnyavets?, I. Yu. Yakymenko?, E.N. Lysenko*

" Donbass State Engineering Academy, Akademichna str., 72, Kramatorsk-13, 84313,
Ukraine; chimist@dgma.donetsk.ua

2 Lviv Polytechnic National University, Department of Technology of Biologically Active
Substances, Pharmacy and Biotechnology, S. Bandera str. 12, Lviv, 79013, Ukraine

# Ukrainian State University of Chemical Technology, Gagarin ave., 8, Dnipro, 49005,
Ukraine

“ Donetsk National Medical University, Department of General and Biological Chemistry
No.1, Railway Station str., 27, Liman, Donetsk region, 84404, Ukraine

BIOLOGICAL ACTIVITY OF N-{3-[4-METHYLBENZENE-1-
SULFONYL)IMINOJ-6-OXOCYCLOHEXA-1,4-DIEN-1-YL}
ARYLAMIDES AND THEIR DERIVATIVES

N-{3-[(4-Methylbenzene- 1-sulfonyl)imino]-6-oxocyclohexa-1,4-dien-1-yl }arylamides

and their derivatives were synthesized by the reaction of the corresponding N-(4-
oxocyclohexa-2,5-dien-1-ylidene)arylsulfonamides with N-chloramides. The biological
activity of the synthesized compounds was studied on test cultures of Escherichia coli 67,
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Staphylococcus aureus 209-p, Mycobacterium luteum VKM B-868 and fungi Candida tenuis
VKM Y-70, Aspergillus niger VKM F-1119 by the method of diffusion of substances into
agar on a solid nutrient medium. The degree of activity of the test compounds was determined
by the diameter of the zones of inhibition of growth of test cultures of microorganisms.
The minimum inhibitory, bactericidal and fungicidal concentrations were determined by
the method of serial dilutions of the substance in a liquid nutrient medium. At the studied
concentration, the method of diffusion of substances into agar on a solid nutrient medium
has shown that these compounds have low activity against bacteria Escherichia coli,
Staphylococcus aureus, Mycobacterium luteum and fungi Candida tenuis, Aspergillus niger.
The diameters of the zones of inhibition of growth of test cultures of microorganisms were
less than 15 mm. In research by the method of serial dilutions of the substance in a liquid
nutrient medium, they have been found to have bactericidal and fungicidal activity. The
minimum inhibitory concentration of N-{2-hydroxy-5-[(4-methylbenzene-1-sulfonyl)amino]
phenyl}benzamide was 31.2 pg/ml against bacteria Mycobacterium luteum. The minimum
inhibitory concentration of N-{2-hydroxy-3-methyl-5-[(4-methylbenzene-1-sulfonyl)amino]
phenyl}benzamide against fungi Aspergillus niger was 31.2 pg/ml. The minimum bactericidal
concentration of N-{2-hydroxy-5-[(4-methylbenzene-1-sulfonyl)amino]phenyl}benzamide
was 62.5 pg/ml against bacteria Mycobacterium luteum. Minimum fungicidal concentration
of  N-{3-[(4-methylbenzene-1-sulfonyl)imino]-6-oxocyclohexa-1,4-dien-1-yl} benzamide
and N-{2-hydroxy-3-methyl-5-[(4-methylbenzene-1-sulfonyl)amino|phenyl} benzamide was
62.5 pug/ml in action to mold fungi Aspergillus niger.

Key words: bactericidal activity, fungicidal activity, quinone imine, benzamide, method of
diffusion of substances into agar, serial dilution method.
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BY®EPHI CUCTEMM HA OCHOBI TAYPUHY

3niicueno pH-, peokc Ta KOHIYKTOMETPHYHE JOCIIHKCHHS KHCIOTHO-OCHOBHOI B3a€MOii
B cucremi NH,CH,CH,SO,H —~ NH,CH,CH,SO,K — H,O nipu 293-313 K; Br3Ha4eHO rpaHuIli
pH OydepHoi aii Ta 3podiieHo oIiHKY Oy(hepHOi eMHOCTI. BH3HaU€HO KOMITOHEHTHHIN CKITaj
cuctemu npu 293-313 K. BusiBieHo KOHIEHTpamiiiHi Ta TeMIepaTrypHi 3aJeXHOCTI 10HHOT
CHJIM JTOCJTIZDKEHOT CHCTEMH Ta KOHCTAHT KHCIOTHO-OCHOBHOI Jucomianii 3a JpyruM cryre-
HeM TaypHHy. BcTaHOBIIEHO BIUIMB KOHIIGHTpALill KOMIIOHEHTIB Ta TEMIIEpaTypH Ha TPaHUILI
pH Oydepnoi xii Ta OydepHy eMHICTS.

Korouosi ciioBa: Taypus, BoHi po3unHH, OydepHa €eMHICTB.

AMiHOeTaHCYAb(OKUCIOTA (TaypHH, Tau) yTBOPIOETHCA B OPTaHi3Mi B IpoIieci me-
PETBOpEHHSI IUCTETHY; BOHA BXOAMTSH IO CKJIay KOPOTKOIAHIFOTOBHX TTETITHIIB, 3yMOB-
moe OydepHi BIACTUBOCTI TOJIOBHOTO MO3KY MTPOTH /i1 MOJIOYHOT KUCIIOTH; € 610JI0T14HO
AKTHBHOIO PEYOBHHOIO 1 IIIMPOKO BUKOPUCTOBYETHCS B METUITHHI [ 1—3]; 3acTOCOBY€ETHCS
K JJ0OaBKa, 0 MOJIMIIY€E KIHETHYHI Ta 3aXHUCHI BIACTHBOCTI XeMOCOPOEHTIB KHCIUX
razi (CO, ta SO,) [4]. Panime namu [5-12] pocnigpkeHi eneKTpOXiMiuHi BIaCTHBOC-
Ti, BCTAHOBJIEHI 3HAYEHHs PK , TEMIIEPATYPHI 3aIEKHOCTI TEPMOAMHAMIYHUX (QYHKIIIH
JIcolianii aMiHOMeTaHCYTb(OHOBOT KHCIIOTH Ta 11 N-aJKiJIOBaHUX TOXITHUX, & TAKOXK
mexi pH 6ydeproi aii Ta 6yepHa emHicTb po3unHiB pu 293-313 K.

B naHiit po6oTi monaHi pe3ynbratu pH-, peokc- Ta KOHJIYKTOMETPUYIHOTO JOCITi-
mxenns noseninku cucremu NH,CH,CH,SOH — NH,CH,CH,SO,K (TauK) — H,0
B iHTepBaii Temneparyp 293-313 K 3 MeTor BCTaHOBJICHHS (pAKTOPIB, IO BILIU-
BAIOTh Ha i KMCIOTHO-OCHOBHI XapakTepuCTHKHU, OydepHy emHicTh Ta rpanuni pH
OydepHoi mii.

EKCIIEPUMEHTAJIBHA YACTHUHA

VYV nociimkeHHsIX BUKOprCcTOBYBaiH Tau (kBamidikarmii “x.4.””). s npuroryBaHHS
JOCTIDKYBAaHUX PO3YHMHIB BHKOPHUCTOBYBAIM AHMCTHIBOBaHY Bomy. s oTpumyBaH-
HSI BOMHHUX PO3YHHIB, [0 HE MICTATh PO3UNHEHOTO MOJIEKYSIPHOTO KHCHIO Ta OKCHIY
Bymiento (IV), mpu miAroToBI TUCTWIIATY KPi3b HHOTO MPOAYBAIH a30T (IIOTEPEIHBO
OYHIICHUHN MTPOIYCKAHHAM KPi3b JIyKHUH PO3YHH MiPOTaIoNy Ta MPOKAPCHNH XIOPHT
KaJIblIit0) a00 MOMePEeaHb0 BOMY KHUIT SITHIH IPOTATOM KiJTbKOX TOIWH.
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bygepni cucmemu na ocnogi maypuny

[ToTeHmioMeTpUYHI BUMIPIOBaHHSI IPOBOJIHIIN 32 JOTIOMOTO0 10HOMIpY yHIBEpCalb-
Horo DB-74 Ta pH-meTpy Tumy pH-150M. KonnykTtomeTpuyHi BUMIpIOBaHHS BUKOHY-
BaJi Ha KOoHAyKToMeTpi N5721, naT4ukoM KOTpOro ciyuB enekrpon 5981 (BigHOCHA
noxuOka cranoBuina < 2,0%).

PE3YJBTATH TA iX OBITOBOPEHHSA

Ha puc. 1-4 HaBegeHo kpuBi pH-, pelokc Ta KOHAYKTOMETPHUYHOTO THTPYBAHHS
Bonuux 0,01, 0,03, 0,05, 0,06 Ta 0,07 M po3zuuniB Tau Bomaum 0,10 M pozannom KOH.

[lepumii eekt, oueBUIHO, 3yMOBJICHUI YTBOPSHHIM TaypaTy Kajito (piBHIHHA 1),
a JIPyTUil — JIY)KHAM T1IPOJITHYHUM PO3KIIAJ0M Taypar-aHiOHY (pPIiBHSHHS 2) 3 YTBO-
pEeHHSIM a3ipuIuHYy Ta Cylb(haT-aHioHIB, moaioHo [13].

pH pH
12,0
11,0
10,0
9.0
8,0 6)5 P 1 L 1 L I
0 1 2 3 4 0 02 04 06 08 1
CKOH/QTau CKOH/QTau
a 9]

Puc. 1. pH-meTpuyHi KpuBi TUTpYBaHHS BOAHUX po3unHiB Tau BogHuM po3unHoM KOH.
V2, =25mr CY,, = 0,01 M (a) 10,03 M (6); Cloy = 0,10 M.

Tau
Fig. 1. pH-metric curves of Tau aqueous solutions titration by KOH aqueous solution.

VL, =25ml; CS,, =0.01 M (a) and 0.03 M (6); CYyy =0.10 M.
T,K:293-1;298 —2; 303 -3;308—-4;313-5.

Xin pH- (puc. 1, 2), penokc- (puc. 3) Ta KOHIYKTOMETPUIHHX (pUC. 4) KPUBHX TH-
TPYBAHHsI CYTTEBO 3aJIEXKHUTH BiJ [0YaTKoBOI KoHIeHTpawii Tau (CY, ), mo Bkasye Ha
BIIMIHHOCT1 KHCIIOTHO-OCHOBHOI B3a€MOJIIT B AOCITIKyBaHii cuctemi. Ha iHTerpab-
HUX PEIOKCMETPUYHUX KPUBUX TUTPYBaHHs (puc. 3a) mpu COTau= 0,01 M cniocrepira-
€ThCs 10 J1Ba 371aMu nipu criBBigHomenni C . /Q, = 1,0: 1,0 Ta 2,0: 1,0, sknm Biamo-
BIJIAIOTh 3J1aMH Ha KOHIYKTOMETPUYHUX KPUBHX THTPYBaHHS (pucC. 4a).
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[Tepmunii eekt, OUEBUIAHO, 3yMOBJIICHUN YTBOPCHHSM Taypary Kaiiro (piBHSHHA 1),
a JPYruil — JIY>)KHUM T1IPOTITHYHUM PO3KIIAZ0M TaypaT-aHiOHY (PIBHSHHA 2) 3 YTBO-
PEHHSIM a3ipuuHYy Ta cyiab(haT-aHioHiB, moxioHO [13].

N H;CH,CH,S0,0™ ? NH,CH,CH,S0,0™ + H" (1)
NH,CH,CH,S0,0"+ OH™ ? NH(CH,), + SO3™ + H,0 )
E, MB E.MB
200
0 160 L
120
-50 80
40
-100 0
-40
-150 -80
-120
-200 ! ! L ! -160 =4
0 1 2 3 4 0 0,5 1 1,5 2
CKOH/(QTau CKOH/QTau
a 9]

Puc. 3. PegokcMeTpuyHi KpUBI THTPYBaHHS BOJHUX PO3YMHIB Tau BOXHUM PO3YHHOM
KOH. V;  =25wmm; C? =0,01 M (a) 1 0,03M (6); C%yyy = 0,10 M.
Fig. 3. Redoxmetric titration curves of Tau aqueous solutions titration by KOH aqueous
solution. Vi, =25ml; C},, =0.015 M (@) and 0.03M (6); C%¢y = 0.10 M.

Tau Tau

T, K:293 -1;298 —2;303 - 3; 308 —4; 313 - 5.

Ilpu Bummx smadenwsix C¢ (0,03 = 0,07 M) Ha pefOKCMETPUYHUX KPHBHUX
TUTPYBaHHS (HANPHUKIAI, pUC. 30) CIIOCTEPIra€ThbCs JHILIE O OJHOMY CKayKy TUTpY-
Banns npu C,  /Q -~ 1,0 : 1,0. [Tineuienns 3na4eHHs COTa MPU3BOJUTH 0 3CYBY
3J1aMy Ha KOHJlyKTOMETPHYHHMX KPUBUX B 00/1acTh MeHmMX 3Ha4enb C, o /Q, = 0,7 Ta
0,4 mpu C9 = 0,03 M rta 0,05 M, signosinsxo. [Ipu npoMy BIUIMB TeMrepaTypu mpu
Buiux 3HadeHHsix C¢ (0,06 ta 0,07 M) Ha Xix pH-METpHYHHX KPUBHX THTPYBAaHHS
(Hanpukian, puc. 20) HIBETIOETHCS.
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bygepni cucmemu na ocnogi maypuny

Ha ocHoOBI ekcriepuMeHTaIbHUX AaHuX (pHc. 1, 2), 3 BAKOPUCTAHHAM MaTeMaTHIHOL
MoOJIeIi, 10 BpaxoBye 3akoH nirounx mac (1), (3), marepiansHuil 6ananc o Tau (4)
Ta YMOBY €JICKTPOHEUTPAITBHOCTI (5), pO3paxoBaHO 10H-MOJIEKYISIPHUH CKJIaJ] BOTHUX
po3uunniB Tau i TauK (wanpuxnan, puc. 10).

0
0 1 2 4
CKOH/QTau
a
% Omim! ¥, Omlm!
0,16 0,16
0,12 0,12
0,08 0,08
0,04 0,04
0 0 L L L ]
0 02 04 06 08 1 12 14 0 0,2 0.4 0,6 0.8
C\KOH‘/’(QTau CKOH/QTau
9] 8

Puc. 4. KoHlyKTOMETpHUYHI KPHUBI TUTPYBAaHHS BOJHOTO po3uuHy Tau BOTHUM
po3unnom KOH.

0
VTau

=25 m; C?

Tau

=0,01 M (@) 0,03 M (6) i 0,05 M (6); C%0y = 0,10 M.

Fig. 4. Conductometric titration curves of Tau aqueous solutions titration by KOH
aqueous solution.

Vi, =25ml; CY

Tau

=0.01 M (a) 0.03 M (6) and 0.05 M (5); C %0y = 0.10 M.

T, K: 298 — 1; 303 — 26, 26; 308 — 36, 36; 313 — 40, 4s.
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2H,0 ? H;O"+ OH" 3)
Qrae = [ N H3CH,CH,S0,07] + [NH,CH,CH,S0,07] 4)
[NH,CH,CH,S0,0 ]+ [OH ] =[H;0"] + [K] (%)

3TriJIHO 3 OTPUMAaHUMU JIAHUMU (HAIIPHUKIIAJ, pyc. 5), Tau y BOMHUX pO3UunHAX iICHYE
npu C,/Q. < 0,5 mepeBaxHO y BUIVIAII LBITTEP-10HY (KpHBa 2), MOAIOHO cucTeMam
3 DIIMHOM [9], aMiHOMeTacy b OKHCI0TOrO Ta i N-ankiioBanuMu moxigaumu [10, 11,
14, 15]. Bwmict 'aHiOH.y NHZCH2CH28020' (kpuBa 1) IpsMO TIPOTIOPIIIHMIA BITHOIIICH-
HIO CKOH/QTau BIJIMTOB1/THO /10 PiBHSHHSA (6).

N;=A;+B; - C,/Q,, (6)

100 Puc. 5. CriBBigHOIICHHS Pi3HUX GopM
KOMTIOHEHTIB y cuctemi Tau — TauK —
H,O0 3anexno Bij Cxon/Qauk Tipu 313 K.
N; — MoJIbHA YacTKa.

Fig. 5. Ratio of various forms of

components in the Tau — TauK — H,O

80

60 system as a function of Cxop/Qrauk at 313
0\.2 K. N; — molar fraction.
Z
40 N, = [NH,CH,CH,S0,07]
QTau
20 oo [NH,CH,CH,S0,0"] |
QTau

0 02 04 06 08 1
CKOH/QTau

, 3riIHO 3 OTPUMAHMMHK NaHUMHK (HaNPUKJIAJ, PUC. 6) KOHLIEHTPALIMHI 3a1€KHOCTI
[NH,CH,CH,SO7 J/[NH,CH,CH,SO; ] = f (Q,,/Coy) ONUCYIOTHCS PIBHAHHAM BHY
(7). B cBoro uepry nuisixom 00poOKH eKCIIepUMEHTaIbHUX JaHuX (puc. 1, 2) BCTaHOB-
Jeno, mo sanexnocti C, /Q. = fipH) onucyoTses piBHAHHAM By (8), TapameTpu
SIKMX HaBeAeHo B Ta0m. 1.

N
[N H;CH,CH,SO; J/[NH,CH,CH,S0; ] = 4;+ B Qra/Cron (7

1g(Ckon/Qrau) = 4; + B pH (8)
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Byghepui cucmemu na ocnogi maypumy

Tau - TauK - H,O npu 0,2<C,  /C <1,0

Taommus 1

Table 1
Buffer pH limits and parameters of (7) and (8) for
Tau — TauK - H,O system at 0,2<C,_ . /C  <1,0
PiBusinns (7) PiBusinng (8)
T, K pHM
' A B, R A, B R
0 0
CTau = 0,01 M; Ckon = 0,10 M
293 8,75-11,6 -0,6952 0,9881 0,999 - - -
CTaw = 0,03 M; Clon = 0,10 M
303 7,95-9,40 -0,9986 1,0004 1 -6,5220 0,6930 0,9935
308 8,20-9,35 -0,9980 1,0006 1 -6,6343 0,7034 0,9928
313 8,20-9,30 -0,9976 1,0010 1 -6,4481 0,6828 0,9931
0
CTau = 0,05 M; Cxon = 0,10 M
293 8,00-9,75 -0,9990 1,0000 1 -5,7740 0,5956 0,9966
298 8,50-10,60 -0,9987 1,0006 1 -7,8006 0,8023 0,9424
303 8,27-10,50 -0,9985 1,0005 1 -6,2696 0,6445 0,9759
308 8,15-9,95 -0,9976 1,0005 1 -6,5484 0,6809 0,9793
313 8,00-9,85 -0,9965 1,0003 1 -5,8457 0,6074 0,9875
C Y = 0,06 M; Cron =0,10 M
298 8,30-9,65 -0,9995 1,0005 1 -8,2788 0,8616 0,9933
303 8,30-9,65 -0,9981 1,0004 1 -7,2976 0,7535 0,9829
308 8,30-9,65 -0,9973 1,0005 1 -6,6656 0,6838 0,9895
313 8,30-9,65 -0,9961 1,0006 1 -6,6131 0,6785 0,9924
0 0
CTau = 0,07 M; Cgoy =0,10 M
298 8,25-9,45 -0,9990 1,0003 1 -7,6521 0,7897 0,9583
303 8,25-9,45 -0,9989 1,0005 1 -7,8879 0,8197 0,9558
308 8,25-9,45 -0,9977 1,0005 1 -6,8311 0,7015 0,9895
313 8,25-9,45 -0,9963 1,0005 1 -6,4205 0,6572 0,9944
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Puc. 6. CriBBiIHOIICHHS Pi3HUX
(hOpM KOMITOHEHTIB y CHCTEMI
Tau — TauK -~ H,O 3anexno
BiJ QTau/CKOH npu 293 K.

Fig. 6. Ratio of various forms
of components in the
Tau — TauK — H,0O system
as a function
of Q. /Cypy at 293 K.

Puc. 7. KoHueHTpamiiiHi 3a1eKHOCTI

0 =
pK, s Tau npu CT‘%lu 0,03 M.

Fig. 7. pK, concentration dependences

for Tauat CO =0.03 M.
Tau

T, K: 298 (1); 303 (2); 308 (3); 313.



bygepni cucmemu na ocnosi maypumny

Benuunnu gocrosipuocti anmpokcuMartii (R* > 0,98) cBimuars mpo 3am0BiTbHHIN
XapakTep Kopejsii 3a piBHAHHAMHE (7) i (8). 3Ha4eHHS BIIBHOTO 1iieHa (4,) piBHSIH-
Hs (7) A7 BCIX TOCHIDKEHUX CUCTEM MPUOIIM3HO OJTHAKOBI Ta Y OiJBIIOCTI BUMAJIKIB
~ —1 (tabn. 1). 3nayenns mMuoxnuka Oinsg pH (B) Takox MpUOIHM3HO OIHAKOBI Ta
~+1, noxi6wo [11]. lle cBiuuTH Mo Te, 10 NPH 3MEHMIEH] criBBinHOmenHs Q. /C,
aMIHOETaHCYJIb(OKHUCIIOTA 13 IBITTEP-10HHOT (POpPMHU TIEPEXOSITh B aHIOHHY (y BUIJISII
com) i mpu Q. /C, ,, = 1 maiixe na 100% iCHYIOTh B OCTaHHBOMY BUIJIAMI (pHC. 5),
momioHo [11].

Yitkoi TemmnepaTypHOi 3al€KHOCTI KoediuieHTiB A, Ta B, piBHaHHA (8) He
CIIOCTEPIraeThCsi, OYEBHIHO, Yepe3 CKJIaJHI KOHIEHTpAIIiHY 1 TemreparypHy
3aJIe)KHOCTI KOHCTAHT nucoriamnii Tau (Hanpuknan, puc. 7), monidHo [7, 8, 11].

Cnin BisHauuTH, O KoedinieHTH piBHsAHHA (8) 4, Ta B, 38’43aH1 MiX cO00K0 3aeK-
HOCTSIMH BHTY (9), TapaMeTpH SKHX HaBeICHO B Ta0. 2.

B=a+ B, ©)
Ta0nwns 2
IMapamerpu piBusnb (9) 1as cucrem Tau — TauK - H,O
Table 2
Equation (9) parameters for Tau — TauK — H,O system
C g’au k) M T, K ai Bi R2
0,03 303-313 -0,0203 -0,1092 0,9873
0,05 293-313 0,0193 -0,1004 0,9983
0,06 298-313 0,8991 -0,0619 0,8774
0,07 293-313 -0,0483 -0,1098 0,9995

KoHnenTtpaniiina 3aj1eXXHICTh 10HHOT CUIIH ONUCY€eThCs piBHAHHIM (10), mapameTpu
SIKOI'O HaBEJIEHO B Ta0I. 3

n=A4,+B- CKOH/QTau (10)

Koeinientn 4, Ta B, piBnsnus (10) Tak camo, 5K i 3HAYEHHS 10HHOT CHJIM B 130€JIeK-
TpHUHIA Touwi W (Talbn. 3) MPakTHYHO HE 3al€XKaTh BiJl TEMIIEPATYPU y MEXkax Mo-

P . e~ 0 co . .
XHOKH JJI T1€1 3K CaMO1 Cepil CTau Ta C KOH * HpI/I IbOMY KOHICHTPAIIMH1 3aJICKHOCT1

B, =fiC (%au) Tap =AC gau) OMHCYIOThCS piBHAHHAMU Buay (11) Ta (12).

B,=0,0054+0,5926 - C°_ (11)

u,, = 0,0035 +0,32263 - C9_ (12)

BuxopucroByroun oTpuMaHi 1aHi, Oyiau po3paxoBaHi KOHCTaHTH ioHi3amii Tau (13).
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 [NH,CH,CH,S0,0 ]{H"]
KTau7 + H (13)
[NH,CH,CH,S0,0]

pKTau = 'lg KTau- (14)

30Ha eexTuBHOI OydepHoi aii posunny (pH 6yp) JTCKHTD B obmacri pH, ipu skii
- [NH,CH,CH,S0,0°] _ 10 [16] (rabn. 1). Ha ocuoBi owuisku rpanuus pH

10 [NH,CH,CH,S0,0°] i

OydepHoi AiT aMiHOETaHCYIH(POKUCIOTH (Ta0. 1) BUSBICHO, 110 3 11 JOIIOMOT O MOX-
Ha TIATPUMYBATH KHCIOTHICTh CEPEOBHINA B 00acTi BHINE (Di3i0JOTIYHUX 3HAYEHb
pH y BchoMy iHTEpBaMi J0CHiKeHUX TeMmeparyp (293-313 K).

3 MiJBUIICHHSIM TeMIepaTypH 3Ha4eHHS pH HWxkHBOI rpaHurl OydepHoi mii mis
cucremu 3 C9 = 0,03 M 3pocrae, a mmst C§ = 0,05 M 3meHmyersest. 3HaYCHHS
pH BCpXHLOl FpaHI/II_Il Oydeproi aii st cucrem 3 CY = 0,03 M Ta 0,05 M 3meHy-
I0ThCS T1JT Yac iX HarpiBaHHs. [panumi pH OydepHol 1ii BOJHMX pO3YHMHIB HA OCHOBI
CY . =0,06 MTa0,07M BiJl TEMITEpaTypHy HE 3aJIeXkKaTh.

ITinBuIIEeHHS KOHIEHTpAIii aMiHOETaHCYIh(POKUCIOTH (Tabn. 1) MPU3BOIUTE 110
scyBy rpanuubs pH Oypepnoi nii cuctemun N H,CH,CH,SO,07/NH,CH,CH,SO,0"
B Kuciy obmacth nipu 298 K.

Bydepna emuicth po3unHy (1, M) BH3HAYa€ThCS YHCIOM CKBIBAJICHTIB CHIIBHOI
OCHOBH 200 CHJIBHOT KHUCJIOTH, SIKI HEOOX1THO JT0OaBUTH IS TOTO, 11100 3MiHuTH pH Ha

onuaUITO [16—19]: dc

T= 4ol (15)

ne dC — uucio moneit noganoi ocHou (OH™), 110 CIPUYMHUIIO YHUCIEHHO PiBHE 3011b-
urenHs konuenTpauii ocHosu (NH,CH,CH,SO,0") 3a paxyHOK IIpUCYTHBOT y PO34HHI
cnpspkenoi kuenoru (N H,CH,CH,SO,0"), sriano:

N H,CH,CH,S0,0" + OH- — NH,CH,CH,S0,0" + H,0 (16)

3riIHO TaHWM, TIOJJaHUM Ha puc. 1—4, 3amexHOCTI CKOH
HAHHAM BHY (17), mapaMeTpu KOTpOro HaBeIeHo y Tali. 4.

Cooy=A+B -pH+C - pH? (17)

= f (pH) onmcytoTbes piB-

Crnin 3a3HauuTH, MO, MOAIOHO [11], 3rimHO 3 JaHuMU TabOn. 4 IS CHCTEM 13
0 . , .
CTau > 0,03 pu 0,5 < CKOH/QTau < 1,0 xoucranty pisusiuus (17) 4, Ta B, 38’A3aHi Mix
€00010 MPSIMO MPONOPLUIHHIMY 3aNexHOCTIMH (18), HaBegeHNME Ha pHC. 8.

—0,1292 - 0,2146 - 4; R*=0,9934; n =22 (18)

st cucrem 3 Cgau 20,06 koncranra C, piBHsiHHs (17) Opu MiJBUIEHAX TEMIIEPATY-
pax npuiiMae HyJIbOBE 3HAYCHHSI.
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Tabumus 3
3navenns pK, , 1, Ta napamerpu piBusnb (10) st cucTremu
Tau - TauK - H,O npu 0,2<C,  /C <1,0
Table 3
pK, , u, value and equation (10) parameters
for system Tau — TauK - H,0 at0,2<C,  /C  <1,0

TK Pk, . WM A, 10° B, 10° R?

Cfa = 0,03 M; Ckon =0,10 M
293 9,15 0,01302 1,7119 22,205 0,9962
298 8,96 0,01302 1,7119 22,205 0,9962
303 8,98 0,01301 1,7119 22,205 0,9962
308 8,97 0,01300 1,7119 22,205 0,9962
313 8,96 0,01298 1,7119 22,205 0,9962

Cla = 0,05 M; Cxon =0,10M
293 9,13 0,01991 1,9937 36,558 0,9983
298 9,40 0,01988 1,9937 36,558 0,9983
303 9,30 0,01987 1,9937 36,558 0,9983
308 9,15 0,01987 1,9937 36,558 0,9983
313 9,08 0,01986 1,9937 36,558 0,9983

C % = 0,06 M; Cron = 0,10 M
298 9,30 0,02308 2,6472 41,590 0,9980
303 9,30 0,02308 2,6472 41,590 0,9980
308 9,30 0,02308 2,6472 41,590 0,9980
313 9,30 0,02308 2,6472 41,590 0,9980

Clhw = 0,07 M; Cy =0,10 M
298 9,43 0,02583 3,4598 45,578 0,9980
303 9,33 0,02582 3,4598 45,578 0,9980
308 9,33 0,02579 3,4598 45,578 0,9980
313 9,33 0,02576 3,4598 45,578 0,9980
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Puc. 8. B3aemHi 3anexxHoCTi KoedirieHTiB piBHIHHS (12)
anst cucreM Tau — TauK — H,0 npu 0,5 < C, . /Q,, ... < 1,0.

Fig. 8. Mutual dependences of equation (12) coefficients
for Tau — TauK — H,0O system at 0,5 < C,./Q <1,0.

YAMSA —

C Y 0,03 M(1); 0,05 M (2); 0,06 M (3); 0,07 M (4).

g cucremu i3 €y, =001 Mmpu 0,5 < Cron/ Q. £1,0 4, B Ta C, 38’3201 Mixk
c00010 TpsMO TponopuifHIMH 3aexHocTsIMA (19) Ta (20) mpu 298-313 K.

B =-0,011-0,0167-4 ; R = 0,9998; n = 4 (19)

C = (1,035 +0,6897-4)-10%; R? = 0,9998; n = 4 (20)

[nsxom mudeperiiroBanHs piBHSHHES (11) oTpuManu BUpas3u IS BU3HAYCHHS OY-
depnoi emnocri y cucremax Tau — TauK — H,O (piBusnns 9).

= Cxon — g +2.C.pH
e 7P 1)

OTpuMaHi pe3ysnbTaTu i JOCIiIKEHUX CUCTEM IMpeICcTaBiIeHo Ha puc. 9, 10.
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Tabmuus 4
IMapamerpu piBusinns (17) ais cucremu Tau — TauK - H,O
Table 4
Equation (17) parameters for Tau — TauK — H,O system
0,5<C,,,/Qy,, <1,0 1,0<C,,./Q... 2,0
A, 10 B, 10? C - 10° R 4, B, 10 C, - 10° R
Co =0,01M;Co  =0,10M
293 3,190 -6,3356 0,3166 0,9977 2,0657 -3,6816 1,6465 0,9963
298 9,366 -1,6742 7,488 0,9879 1,7244 -3,0303 1,3311 0,9731
303 6,164 -1,1468 5,337 0,9944 2,7716 -4,7164 2,0119 0,9816
308 5,705 -1,0597 4,939 0,9968 8,3437 -1,5941 0,7568 0,9930
313 5,378 -1,0069 4,733 0,9941 1,3110 -2,3868 1,0875 0,9954
C(%au =0,03 M; C%OH =0,10 M
293  -4,406 8,5963 3,979 0,9896 - - - -
298 5,821 -14,524 9,127 0,9862 - - - -
303 2,385 -6,6471 4,608 0,9897 - - - -
308 2,928 -7,9123 5,339 0,9931 - - - -
313 5,306 -1,3268 8,353 0,9950 - - - -
Cgm‘ =0,05 M; COOH =0,10 M
293 -0,936 0,7067 0,575 0,9885 - - - -
298 -7,382 14,506 0,686 0,9918 - - - -
303 -6,142 12,154 5,735 0,9833 - - - -
308 -4,848 9,3208 4,181 0,9830 - - - -
313 0,422 -0,1372 1,442 0,9931 - - - -
Co =006 M;Co0 =0,10M
298 -8,812 17,36 8,2?;3 0,9749n ) - - - -
303 -1,778 2,150 0 0,9902 - - - -
308 -1,679 2,041 0 0,9893 - - - -
313 -1,652 2,014 0 0,9891 - - - -
Co =0,07M;Co  =0,10M
298 -6,288 11,70 -5,(')‘21”1 0,97591\ ) - - - -
303 0,467 -1,274 1,188 0,9979 - - - -
308 -1,983 2,402 0 0,9918 - - - -
313 -1,853 2,262 0 0,9925 - - - -
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3riziHo 3 oTpuManuMu JanuMu (puc. 9, 10), 31 30inbmennsam crispinnomenns C, ./
Q,,, 6ybepua emuicts cucremu Tau — TauK — H,O mms cucrem Ch,, = 0,01 + 0,03 M
3p0cra€ B obmacti Temneparyp 298 + 313 Knpu 0,2 <C, /Q_ <1,0.Tlpu C, . /Q . =
1,0 (C%a = 0,01 M) 3HaueHHS T Pi3KO 3MEHIIYETHCS BHACIIIOK TiAPOTITHIHKMX MEpe-
TBOPEHb B JOCITIKyBaHii cucreMi. st cucreM 3 Cg = 0,05 M (ipu 293 +313 K),
0,06 M (ipu 303 + 313 K), Ta 0,07 M (mipu 308 + 313 K) Oydepna emHicTh cucre-
mu Tau — TauK — HZO MPAKTHYHO HE 3aJICKUTh BiJl CITIBBIHOIICHHS CKOH/QTau y no-
CIJDKYBaHOMY KOHIIEHTpaliiHOMYy Jiana3zoHi. Kpim Toro, 6ydepHa eMHicTh crucTeMu
Tau — TauK — H,O y nexinbka pasis Buma 3a OypepHi eMHOCTI cucteM YAMSA —

YAMSK - H,0 [11].

0.2 0.6 1 14 1.8 0.2 0.4 0.6 0.8 1
CKOH/QTau CKOH/QTau

a o
Puc. 9. Konuentpauiiini 3anexuocti 6ydeproi emuocti B cuctemi Tau — TauK — H,0.

Fig. 9. Buffer capacity concentration dependences in Tau — TauK — H,O system.

CY% =0,01 M(a), 0,03 M (6). T, K: 293-1; 298-2; 303-3; 308-4; 313-5.

Tau

[Toxi6no mo cucrem YAMSA — YAMSK — H,O [11], uiTkoi TemMneparypHoi 3anex-
HOCTI T JUIsl TOCITI/DKCHIX CHCTEM HE CIOCTEPIraeThCsl 4epe3 CKIaHi 3a1ekHOCTI pK,
=AT) Ta [NH CH,CH SO3 VINH,CH,CH,SO;] = fipH, T) mist nocmnimkyBanoi ami-
HOC}’J‘IB(l)OKI/ICJ‘IOTI/I. 3asexHICTh [N H3CH2CH280 ; VINH,CH,CH,SO; ] = fipH) moxHa
OTpUMATH NUIIXOM KOMOIHAIIIT iHiiHOTO (7) Ta jJorapudmigyHoro (8) piBHSAHB, OMHCa-
HUX BUIIE.

Orpumani nani mozo Oydeproi emnocti cucremu Tau — TauK — H,O pexomentyeTs-
Cs1 BUKOPUCTOBYBATH Y XIMIYHOMY aHalli3i, MiKpoOiOJIOTiuHUX Ta OI0XIMIYHUX JTOCII-
JOKSHHSIX, JTaHI MO0 KUCIOTHO-OCHOBHHX XapaKTEPHCTUK BHUBUCHUX PO3UUHIB — MPH
MOJIENIIOBAaHH1 XeMOCOPOLIMHMX MPOLECiB ynoBmoBanHs kucaux rasis (CO, Ta SO,).
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Puc. 10. Konuenrpauiitni 3anexnocti Oypeproi emuocti B cuctemi Tau — TauK — H,O.
Fig. 10. Buffer capacity concentration dependences in Tau — TauK — H,O system.

C?, =0,05M (a), 0,06 M (6). T, K: 293—1; 298-2; 303-3; 308-4; 313-5.
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| DU3NKO-XUMUIECKUI HHCTUTYT 3aIATHI OKPY/KAIOIICH CPEIBI U UeToBEKa
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BY®EPHBIE PACTBOPbBI HA OCHOBE TAYPUHA

OcymecTtBineHo pH, peqokc U KOHAYKTOMETPUYECKOE UCCIeIOBAaHHUS KHCIOTHO-OCHOBHOTO
B3aHMOJICHCTBUS B CUCTEME NHZCHZCHZSOSH — NHZCHZCHZSO3K - HZO npu 293-313 K;
omnpenenensl rpanuisl pH OydepHoro neiicTBrs 1 Ipou3BeaeHa olieHKa OydepHOit eMKoCTH.
OmpeneneH KOMIOHEHTHBII cocTaB cucteMsl ipu 293-313 K. O6HapykeHbI KOHIIEHTpAIH-
OHHBIE U TeMIIepaTypHbIe 3aBUCUMOCTH MOHHOM CHJIBI UCCIIEIOBAHHOM CUCTEMBI U KOHCTAHT
KHCIJIOTHO-OCHOBHOM JIMCCOIMAIINHY IT0 BTOPOH CTYTICHU TaypyuHA. YCTAHOBIICHO BIHMSHHE KOH-
LIEHTpaLMii KOMIIOHEHTOB U TeMIIepaTypbl Ha rpanuisl pH OydepHoro neticteust u OydepHyio
€MKOCTb.

KuioueBble ciioBa: TaypuH, BOJHEIE pacTBOPHI, Oy(hepHast eMKOCTb.
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BUFFER SOLUTIONS BASED ON TAURINE

The acid-base interaction in the aminoethanesulfonic acid (taurine, Tau) — potassium amino-
ethanesulfonate — water system was studied by pH-, redox- and conductometric methods in
the temperature range 293-313 K. The ion-molecular composition of NH,CH,CH,SO,H —
NH,CH,CH,SO,K - H,0 system was calculated.

It is shown aminoethanesulfonic acid in aqueous solutions to exist at the ratio C,,/Q, <0.5
mainly in the zwitterion form similar to systems with glycine, aminomethanesulfonic acid
and its N-alkylated derivatives. The content of the aminoethanesulfonate anion is directly
proportional to the CKOH/QUI ratio.

The studied system ionic strength and acid-base dissociation constant for the second stage of
the aminoethanesulfonic acid concentration and temperature dependences were determined.
The ionic strength values at the isoelectric point (i, )are directly proportional to CTau and

practlcally do not depend on the temperature within "the error for the same series CY,, and

CKOH

The pH limits of the buffer action are determined and the buffer capacity of these systems
is estimated. It has been established that effective buffer zones of Tau aqueous solutions can
to maintain acidity in the higher then physiological pH range at temperature range 293-313
K. The buffer capacity of NH,CH,CH,SO,H — NH,CH,CH,SO,K — H,0O system exceeds
the analogous values of YNHCH,SO,H — YNHCH,SO,K - H,0 (Y = H, CH,, CH,CH,OH,
C(CH,), and C,H.C H,) systems.

The obtained data on the buffer capacity of the aminoethanesulfonic acid — potassium
aminoethanesulfonate — water system can be used in chemical analysis, microbiological
and biochemical studies, and the acidity data of the solutions studied can simulate the
chemisorption of acid gases (carbon and sulfur dioxides).

Keywords: taurine, aqueous solutions, buffer capacity.
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COPBHIﬁI—_[O—JIIOMIHECHEHTHE BU3HAYEHHS
OPOTOBOI KHUCJIOTHU B JIIKAPCBKHUX ITPEITAPATAX

BupueHo JOMiHECIEHTHI BracTUBOCTI opoToBoi kucnotn (OK), Biramina B ,, mo e
010JIOTIYHO aKTUBHOK PEYOBHHOI. [loka3aHo, MO0 B KOMIUICKCHIM CIIOJYI[ OPOTOBOI KHC-
notu 3 ionamu Tb (I11) 3xificHIOETBCS BHYTPIITHHOMOJICKYIISIPHE TICPEHECEHHSI CHEepril 30y/1-
JKEHHSI BIJI JIiraH/a /10 i0Ha JIAHTaHIN, B PE3yNIbTaTi YOr0 CIIOCTEPIiraeThesi CEeHCHO1Ti30BaHa
mominecrenmis iona Tb (III). ¥V cepemoBumi HeioHHHX i KarioHHHX [IAP iHTeHCHBHICTH
mominecuennii (I ) Tb (IIT) 3pocrae. Beranosnero, mo B mapi TBepoi (hasu BHACTIIOK
3aKpIIUICHHSI aHaNlITa Ha MOMIMEpHil Marpuii copOeHTa 1 301TBIIEHHAM JKOPCTKOCTI HOro
MOJIEKYJIH, CTIOCTEPIraeThCs O epeKTUBHE TIEPEHECEHHS eHeprii 30y/KEHHS 1 3pOCTaHH
I, xomruiekca. BuBueHo iHTeHCUBHICTS JTIoMiHecHeHIiT copbara kommiekey Tb (III) 3 opo-
TOBOIO KHCJIOTOIO Ha COpOEHTax pi3HOro tuity. OnTUManbHUi pe3ysbTar, JOCSATHYTHIH MpH
BUKOPHCTaHHI B SIKOCTI TBepAoi mMarpuii cuiikarenss Merk. [ToBHOTa BHIIy4eHHS! KOMILICK-
Cy 3 pO34YMHY IpHU koMY focsirae 97 %. 3Haiineno ontumainbhi ymoBu BuaiieHas OK. Ha
ITi/ICTaBi MPOBEACHHX JOCIIDKEHb pO3po0ieHa METOANKA TBEPAO(A3HOTO JTIOMIHECIIEHTHOTO
BU3HAYCHHS OPOTOBOT KUCIIOTH Ta 11 CoJiel B JTIKapChKHX Iperaparax.

KurouoBi ciioBa: TBepaodaszHa TrOMiHECIICHIIIS, TepOill, OpOTOBA KHCIOTA.

Opotosa kucnota (OK) (2,6-airigpockimpumianH-4-kapOOHOBA KHCIIOTa), BITAMIH
B13 BiTHOCUTBCA J0 MIPUMIJMHOBUX MOXITHHUX 1 € O10JOTIYHO aKTHBHOIO PEYOBHHOIO.
YTBOPIOETHCS SIK OJIMH 3 MPOMIXKHUX MPOIYKTIB CHHTE3Y MIPUMIiIHHOBHX OCHOB HYKJIC-
THOBHX KHCIIOT B )KUBHX opraHizmax. Jlikapchki ipernapary Ha OCHOBI KaJIi€Boi 1 MarHi-
€BOI COJIEH OPOTOBOT KUCIOTH BUKOPHUCTOBYIOTHCS B MEIMYHIHM MPAKTHUIL B SKOCTI CTH-
MYJISITOPIB OOMIHHHX TIPOIIECIB B OPTaHi3Mi.

Jlisl BU3HAuUEHHsI OPOTOBOi KHCJIOTH BUKOPUCTOBYIOTH Honsporpacdiunuii [1], me-
TOJM BHUCOKOC(PEKTHBHOI pimuHHOI [2] 1 HOHOOOMIHHOI [3]
o xpomarorpadii, pepmenrarusHi [4,5]. CeHcnubiTizoBaHa JTHOMi-
HecteHist Tb (II1) B komruIekci 3 OpOTOBOKO KHUCIOTOO 3aIpo-

| NH MTOHOBAHA JIJIsl BU3HAYEHHSI OCTAHHBO1 B podoTax [6—9].

HO. Mertoto ganoi pobotu Oyna po3podka METOAMKH COpOIiitHO-
H O nOMiHECHIEHTHOrO BM3HAYEHHS OPOTOBOI KHMCIOTH B JIKap-
0 CBKHX TIperaparax 3 BUKOPUCTAHHIM TBepAo(ha3Hoi ceHCHOii-

30BaHoi JroMinecteHii iona Tb (III).

AITAPATYPA I TEXHIKA EKCHEPUMEHTY

Po3unH oporara kaiis (0,01 Monb/i1) 1 moBepxHeBo-akTUBHUX pedoBHH ([TAP) (eTo-
Hisg, HeoHON 9—-12, Tpurona X-10) rotyBanu po3uMHEHHSIM TOYHHX HABa)KOK PEYOBHH
B AMCTWJIBOBaHI| BO/i. Y poOOTI BUKOPUCTOBYBAIM CTaHAAPTHHI PO3YHH XJIOPUIY TEP-
6ist (1 x 1072 MoB/71), IKUH TOTYBAIK 3 BiAMOBimHOTO OKcHay Mapku «OCHy, nuisixom
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PO3UMHEHHS HOTO B XJIOPUCTOBOMHEBIM KucaoTi (1: 1), 3 monaipIiuM BUJAICHHSM ii
HaUTMIIKY yraproBaHHsM. Konrenrtpamiro tep6ist (I11) koHTpomroBams KOMILUIEKCOHO-
METPUYHUM TUTPYBaHHAM po34rHOM KomIuiekcoHa III 3 ingukaropom apcenaso I B mpu-
cytHOCTi ypotporiny [10]. JIlrominecuenuito ionie Tep6ist (I1I) peectpyBanu B odmacti
470-640 uM 3a nonomororo cnekrpomerpa ICII-51 3 ¢oToeneKTpHIHOI0 TPUCTABKOIO
®EII-1, cnekrpoduryopimerpa «Fluorolog FL 3-22», «Horiba Jobin Yvon» (6e3030-
HOBy Xe-nmammna 450-W). Jls BUBUCHHS KiHETHKW 3aracaHHsl JIFOMIHECIICHIIT 3aCTO-
COBYBaJIH ocIIuIorpadigny pecrpamito. JIFOMiHECIEHIIIO TPH EOMY 30yKYBaH M-
MyJIBCHUM a30THUM JIa3€POM 3 JTOBKHUHOIO XBWJII BUNPOMiHIOBaHH: 337 HM. 3Ha4eHHs
pH po3unnis Bumiprosamu pH-merpom OP-211/1 (Radelkis). BumiproBanHs mpoBoauiIn
npu Temnepatypi 20 + 2 °C.

PE3YJBTATH TA iX OBTOBOPEHHSA

Panime [6] Hamu OyIto TToKa3aHo, 1o B KOMIUIEKCHiH crionyii ioniB Tb (I11) 3 opoto-
BOIO KHCJIOTOIO 3IICHIOEThCS BHY TPiLITHBOMOIICKYIISIPHE TIEPEHECEHHS eHEeprii 30yIKeH-
Hs BiJ] JIiTaH/a JI0 i0HA JIAHTAHIA, 3aBJISIKU YOMY CIIOCTEPIraeThCsl CEHCHUOLTi30BaHa
mominecteHnis iona Tb (I1I). BcranoBieHo, 110 B MPUCYTHOCTI HEIOHHMX 1 KATIOHHUX
[TAP intencuBHicTh mominecteHii Tb (I1I) 3pocrae. B cniekTpi iromiHecneHii iona
Tb (III) mpu 1IOMY CHOCTEPITAKOTHCS CMYTH, BIJIMOBIIHI €HEPIEeTHYHUM IEPEX0/iaM
nepexonam *D, — F (A = 487,5 um), °D, —'F, (A = 544,3 um),’D, — 'F, (A = 585 um)
u°D, — 'F, (A = 620 ™), HalOLIbII IHTCHCUBHOKO € CMYTa, 110 BiJNOBI/Ia€ €IEKTPO-
aunonsHOMY nepexony °D, —'F, 3 MakcuMyMoM noMiHectenii npu A= 545 uM. Y npu-
cytHocTi KarionHoro ITAP eronis (1,2-etunen-6ic-(N-nmenmnokcikapOoHiIMeTiI-N,
N-auMeTinamMoHii) uxaopua) B KoHeHtparii 5-1075 moms/i I ., wiei cMyru 3pocrae
B 2 pasu (puc. 1).

B cnekrpi 30ymxenns Tb (III) B komImiekci 3 OpOTOBOIO KMCIIOTOIO € OfHA CMyTa
3 MaKCUMyMOM Tipu 324 HM (puc. 2).

VY npucytHocti [TAP xapakrep criekTpa He 3MIHIOEThCS, TIPOTE 30UTBIIYETHCS 1H-
TEHCHBHICTh CMyTHW. 3pocTanus I crekTpis 30y/KeHHS 1 JIOMiHECHeHIi BinOyBa-
€ThCSI B PE3YyJIbTATI BUTICHEHHS MOJICKYJI BOJM 3 BHYTPIIIHBOT KOOPIUHAIIIHHOT che-
P KOMILJICKCY, B PE3yJIbTaTi YOro 3MEHIIYEThCs OS3BUIPOMIHIOBAIbHA JI€3aKTHUBALIIS
eHeprii 30ymKeHHs 1 Bii0OyBaeThCs OUIBIT e()eKTUBHE IEPEHECEHHS 11 Ha 10H JIAHTaHIA.
[TinTBep/KEeHHSAM 1ILOTO (PAKTY TAKOXK € 30UIBIICHHS 4Yacy KHUTTS 30y/DKEHOTO CTaHy
xomruiekcy Tb (I1) 3 opoTOBOKO KHCIOTOI B IPUCYTHOCTI eToHIt0 T = 1233 e (3a Bia-
cytHocTiO [TAP T =9651C).

[HTeHCHBHICTh JIOMiHECHEHIT opoTaTa TepOis 3HAUYHO 3pOCTae Ha COpOEHTax.
IlepeBaru copOuiiHOrO METO/A MOB’A3aHI HE TUIBKU 3 CyMIIICHHSIM KOHIICHTPYBAaHHS
1 OTPUMAaHHSM TIPUAATHOL /U TeCTyBaHHsS (OpMHU aHaliTa, a i 31 30UIBIICHHSIM KiHEe-
THYHOI CTIHKOCTI CTIIOIYKH B CEPEIOBHIII COPOCHTA B TOPIBHSHHI 3 CTIHKICTIO B PO34HHI
[11]. TIpssMuM HACTIIKOM IHOTO € 301JbIIEHHS KOPCTKOCTI MOJICKYJIH aHaJIiTa BHACI-
JIOK MOro 3aKpirieHHs! Ha TBEpil MaTpuili copOeHTa, 10 NPU3BOAUTH A0 OUIbII edek-
THBHOTO NEPEHOCY €Heprii 30y/DKEHHS 1, BIANOBIAHO, 10 30inbuienns [ . Buuenus
I, oporara Kajis Ha COpOEHTaxX Pi3HOI MPUPOIM MOKA3aJI0, IO HAKOLIbIIA IHTEHCHB-
HICTh JIIOMIHECIEHIIIT criocTepiraeThest Ha cuitikareni Merk (ta6im. 1). [loBHOTa BHITY-
YEHHS KOMILUIEKCY 3 PO3YMHY IIPU LIbOMY znocsrae 97%.
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Puc. 1. Crnexrpu mominecuenuii Tb(IIT) B kommiekci 3 opotoBoto kuciotoro (1)
B ipucytHocTi Etonis (2), Heonon 9-12 (3), Tpuron X-100 (4);
(Cwm) =110 mons/m; C,,,= 5-10° moms/n; pH 7,0; )uzﬁyf 365HM)

Fig. 1. The luminescence emission spectra of Tb (III) complex with orotic acid (1)
in the presence of Etonium (2), Neonol 9-12 (3), Triton X-100 (4);

(Cpyy= 11102 mol/L, C_ = 5-10°"L, A_ =365 nm)
= 5x107
o
= 332 um
¢
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Puc. 2. Cnexrpu 30ymkenns mominectenuii Tb(III) B kommuiekci 3 opoToBoro KHCI0TOO (1)
B nipucytHocTi Etonis (2), Heonon 9-12 (3), Tputon X-100 (4);
Croan= 1107 moms/m; C,, ,= 5-10”° momb/m; 7»16yn:365 HM)

Fig. 2. Luminescence excitation spectra of Tb (III) in complex with orotic acid (1) in the presence of
Etonium (2), Neonol 9—12 (3), Triton X-100 (4);

(Cyqy=1"102 ™YL, C_ = 5-10° mol/L, pH 7,0; % = 365 nm)

Tb (111)

67



C. B. Benrvmiokosa, O. 1. Tecniok, O. O. Jligenyosa

Tabmus 1
InTeHcuBHicTH TIOMiHecneHuii copdara kommiexca Th(III)
3 OPOTOBOIO KHCJIOTOI0 HA COPOEHTAX Pi3HOTO THITY
Table 1
The luminescence intensity of the Tb (III) sorbate complex
with orotic acid on sorbents of various types
CopOent I“m, BiTH.O/1. ImM‘,%
Docosrorennb 10 16
Codanexc St G-75 13 21
Calflo E 22 35
Lemnit 545 18 29
Cuikarens Merk 62 100

BcranosieHo, mo MakcuManbHE 3HAYCHHS IHTCHCUBHOCTI JIIOMIHECHIEHIIIT JocsTa-
€TBCS TIPU TPOBEICHHI copOLii 3 5 M po3unHy 3 BUKOpuUcTaHHAM 100 Mr copOeHTYy.
JociimKkeHHs KiHSTHKH COpOIIii opoTara TepOist 3 pO3YHHY TTOKA3aJI0, 110 MAKCUMAaIIbHE
3HAUCHHS JIFOMIHECIICHTHOTO CUTHAITY copbara nocsraerhbest 3a 10—15 xBuimH crpyury-
BaHHs. [Ipu OUIbII TpUBaAJIOMY CTpyLIyBaHHI | KoMIIekca Ha COpOEHTI 3aJINIIA€THCS

. JIIOM
MIPAKTUYHO HE3MIHHOIO (puc. 3).

5 100 | _—
5
80

60 +

40t /
20—/

0K 1 1 1 1 1 1

0 5 10 15 20 25 30

Yac copOuii, xB

Puc. 3. Brutus vacy cop6uii Ha I copbary komiekcy Tb(III) 3 opoToBoi0 KHCIOTOIO.

TOM

Fig. 3. The effect of sorption time on I, of the Tb (III) sorbate complex with orotic acid.

CopOuiist komruiekcy oporata TepOist (I11) Ha moBepxHi cuimiKarei o BiOyBaeThCs
B obmacti pH Bin 4,5 no 9, makcumansna I copbara crocrepiraerbes npu pH 7,0.
Onrumanere 3Ha4enHs pH npu copOuii cTBOproBanM 3a J0MOMOrow yporpomina. I
copbata 3pocTae 31 30TBIICHHAM KOHIEHTPAIl 10HIB METaJly B PO3YMHi, 3 SKOTO BE-
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JeThes copOis. s momanbImx gociipKkeHb Oyia oOpana koHmeHTparist Tepoist (I11)
1-10 monb/n, mpu sKiit crocTepiraeThes MakcumaibHa I . BeranoBneHo, 1o Haii-
OlJIbIIIe 3HAYCHHS 1HTCHCHBHOCTI aHAIITHYHOTO curHany copbara Tb(IIl) 3 opoToBorO
KHCIIOTOKO JIOCATAEThCS TPU BHCYITyBaHHI MpoTaroM 10—15 XBWIWMH TipH Temriepa-
Typi 60 °C. [HTEHCHBHICTh JIFOMIHECIICHIIT copOaTa KOMIUIEKCY HE 3MIHIOETHCS TPO-
TSATOM KIJIbKOX MICSIIIB 1 3QIMINAETHCS TOCTIHHOKO MPOTATOM 15 XB ONPOMIHIOBaHHS
Y®-cBiTIIOM, 110 CBIIYUTH PO (POTOCTAOIIBHICTS.

3Haii/IeHO, M0 IHTEHCUBHICTH JIFOMIHECIEHINI copbaTa KOMIUIEKCY MaKCHMajlbHa
npu copOIii 3 BOMHUX po3urHiB (Ta0I. 2). BBeJCHHS TaKuX OPraHIYHUX PO3YNHHHKIB
SIK alleTOHITPWII, JUMETHI(hopMami, TUMETHIICYITb()OKCH T BUKITMKAE 3HAYHE 3HIKCHHS
AHAIITUYHOTO CUTHATY. B MPUCYTHOCTI IIMX PO3YMHHHKIB 3pOCTAE CTYIIHL OE3BHITPO-
MIHIOBaJIbHUX BHUTpAT €Heprii 30y/ukeHHs. KpiM TOro, 3aBISIKM HasBHOCTI JOHOPHHUX
aromiB kucHio B JIMCO i azory B JIM®DA, 3 SIKHMU KOOPIUHYIOTHCS 10HH JIAHTaHIIB, ITi
PO3YMHHUKY NPOSIBIISIOTH BIIACTUBOCTI JIITAH/IIB 1 BUTICHSOTH MOJICKYJIH JIiraH/1a 3 BHYT-
pimHboi KoopauHaiinoi chepu iona Tb (III), B pesynbrari woro I 3menmyeThes.

Tabmuws 2
Bruine posuunnukis na I cop6arie kommiexcy Th(III) 3 oporoBoro Kuci0TO0

Table 2

The effect of solvents on I, _sorbates of the Tb (IIT) complex with orotic acid

Po34ynMHHHK BOJA eTaHoJI MeTaHO0JI aleTOoHITPiI AMCO JIM®A

% 100 45 30 35 60 55

mom® 7"

Tak camo gk i B po3uMHax, NMpH COpOIil IHTCHCHBHICTH JIIOMIHECIEHIIIT copbara
KOMIIJIEKCY 3pOCTa€ B MPUCYTHOCTI KaTioHHOTO AimMepHoro ITAP eronis. 3MeHIICHHS
I . copbariB KOMILUIEKCIB, OTPUMAHKX 3 PO34MHIB B TPUCYTHOCTI [TAP, siki MaroTh iHIITY
MIPHUPOY, MOXKe OyTH MOB’SI3aHO 3 COMF001ITI3AIE0 KOMIUICKCIB B PO3UMHAX 1 3MEHIIICH-
HSIM 32 PaxyHOK I[bOTO CTYTICHS 1X COpPOIIii.

Ha mincraBi oTpumMaHuMx pe3ynmbTaTiB  po3poOieHa METOAuKa —COpOmiliHO-
JIFOMIHECIIEHTHOTO BU3HAYCHHS JIIFOY01 PEYOBHHU B JIIKAPCHKUX Tperiaparax oporarax

KaJtis 1 Margis.

MeTtoauka KijibKiCHOro BU3HAY€HHSI 0POTOBOI KMCJIOTH Ta ii costei
IloOynoBa rpagyoBajibHOTO rpadika

B psin ckisiHok momimatots o 100 mr cumikarens, Baocsts 0,2; 0,5; 1,0; 2,0; 2,5;
3,0; 3,5; 4,0 mut po6o40T0 po3urHy OpoTOBOT KUCIOTH (100 MKT/MIT). Y KOXKHY TOJIAI0Th
no 1 M po3unny xaopuny Tepo6is (0,01 momns/m), 0,4 Mt po3unny etonito (0,01 mons/m),
0,2 Mt 4% -HOTO BOJHOTO PO3YHMHY ypoTporiHa. OOcSr pO3YUHIB JOBOJSATh J0 5 MII
JUCTHIIBOBAHOIO BOZIOIO 1 MPH MEpEeMillyBaHHI MPOBOAATE copOiito mpotsiroM 10 XB.
[otim iaBTPYIOTH 1 BUCYIIYIOTH MPOTSIToM 15 XB mpu Temmeparypi 60 °C B CymmibHiN
madi. [TapanensHO TOTYHOTh PO3YHH «XOJIOCTO» MPOOH, SIKa MICTHTh BCl KOMIIOHEHTH
KpiM OpOTOBOi KHCJIOTH. [HTEeHCHBHICTB JitoMiHecteHIii copdara Tb (I11) BumiproroTh
npu =545 M (A = 365 aM). BynyioTs rpajayroBanbHui rpadik 3a1eKHOCTI iH-
TEHCHUBHOCTI JIFOMiHECIIeHIIiT copOaTa Bijl KOHIIEHTpallii opoTara Tep0is (puc. 4).
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Puc. 4. I'panyroBansuuii rpadik A1 BU3HAYCHHS! OPOTOBOI KHCJIOTH;
(C =1-10" mous/11; pH 7,0, A g,= 365HM)

Tb (11T

Fig. 4. Calibration carve for determination of orotic acid;
(C = 1102 mol /I; pH 7,0; A = 365 nm)

Tb ()

Metonnka BU3HAYCHHS COJICH OPOTOBOT KUCIIOTH B JIIKAPCHKUAX (POPMAX «TaOJICTKI

BusHaueHHsT coyieli OpOTOBOI KHCJIOTH TPOBOIIIN B JIKAPCHKUX MpermapaTax
«Marsuepot» i «Kaniro opoTary. 2 TabIeTKH MpenapaTy po3TUPAIH B CTYIIII 0 TOPOIII-
korofioHoro crany. HaBakky 100 Mr mopomiky mepeHOCHIN B MipHY KOOy 00’ eMoM
500 M, po3unHsy B 250 MIT TUCTAITLOBAHOT BOJIU, TIEPEMIIITYBATH, JOBOAMIIN 10 MITKH
TUCTIIIBOBAHOIO BOMOKO 1 (PUTBTpyBaK. 3 OTPHUMAaHOIO PO3YHMHY Ul aHami3y Opanu 1
MIT (QUTBTpATy, TOMIIIAIK B CKILTHKY 1 Jjalti poOMIIN Tak camo, sK i IIpy moOyI0Bi Tpary-
IOBAIBHOTO Tpadika. BMmicT opoTary BU3HAYaIHU MO TPaaylOBAIEHUM IpadikoM, BMICT
Ii10U0i PEYOBUHHM B OIHIN TAOJETIN B TpaMax po3paxoBYBaIH 3a (OPMYJIOKO:

C-Vy-V, - b
T

C — xonnenTpanis OK 3Haii/ieHa 3a rpalyroBaTbHUM IpadikoM, MKI/MIT;
V, — 06>em npuroTosiieHoro po3duny (500 mi), Mt

V| — po3BeneHns, M,

b — cepenHs Maca TabneTky, r; 10° — nmepepaxyHoOK y rpamu;

a — HaBaXKKa Mpernapary, T.

VY Tabn. 3 mpeacTaBieHi pe3yabTaTH aHaNi3y JTIKapChbKHUX mpenaparax «Maruepor»
i «Kamiro opoTary y nmepepaxyBaHHI Ha COJIi OPOTOBOT KHCIIOTH.
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Tabnnug 3
Pe3ysbTaTn BU3HAYEHHsI COJIell OPOTOBOI KUCJIOTH B I030BaHUX JiKapchKHX opmax
«Tadaerku» (n =5, P=0,95)

Table 3
Results of determination of orotic acid salts in dosage forms of “tablets”
(n=5,P=0,95)
Jlikapcbka ¢popma 3naiiaeno, X, 3naiineno, chiAX S,
0,5023
Marnepot 500 mr 0,4972
Tabnerku Ne 50 0.4961 0,036
(Woerwag Pharma, Himeuunna) 0.4999+0,0110
0,5014
0,5028
0,5008
Kamnis oporat 500 mr 0,4998
tabnerku Ne 10
(TTAO HIIL «bopmrariBeckuit XD3» 0,5012 0,043
(Yxpaina, KuiB)) 0,5003+0,0142
0,5010
0,4989

3anpornoHoBaHa METOIMKA XapaKTEPU3YEThCS 3aI0BUTHPHIMH METPOJIOTTYHUMH Xa-

paKTEepUCTUKAMU 1 IOCUTH MPOCTA Y BUKOHAHHI.

11.
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COPBIMOHHO-TIOMUHECHEHTHOE OIIPEAEJEHUE
OPOTOBOU KUCJIOTbI BJEKAPCTBEHHBIX
INPEITAPATAX

W3y4enbl IIOMUHECHEHTHBIE CBOKCTBA 0poTOBOH KuCoThl (OK), BuTamuna B, sBisiomiei-
st OMOJIOTHYECKH aKTHBHBIM BemecTBOM. [IokazaHo, 4TO B KOMIUIEKCHOM COEIHHEHHH OpO-
TOBOM kucnoThl ¢ nonamu Tb(III) ocyrecTBiseTcs: BHYTPUMOIEKYIPHBIN IEPEHOC SHEPTUH
BO30Y>K/I€HMS OT JIMTaH/[a K HOHY JIAaHTAHH/a, B Pe3y/IbTaTe Yero HaOII0naeTcsl CeHCHOMIN3NU-
poBanHas momunecteHnus nona Tb(III). B cpene HenoHHbIX 1 KaTHOHHBIX [IAB MHTEHCHB-
Hocth momunectenmun (I ) Th(III) BozpacTaeT. YcTaHOBIEHO, UTO B CIIOE TBEPIOH (hasbl
BCJIGJICTBHE 3aKpPEIJICHHs aHAJINTa Ha MOJIMMEPHON MaTpHile COPOCHTA U YBEITHMUYCHHS KECT-
KOCTH €ro MOJICKYJIbI, HaOmonaeTcs: 6oree 2 (heKTUBHBIN TTepEeHOC SHEPTHH BO3OYKICHUS
ysenuuenue | xommiekca. M3yueHa HHTEHCHBHOCTD JIOMHHECIEHIIMM cOpOaTa KOMILIEK-
ca Tb(III) ¢ opoToBOIi KHCTIOTOI Ha cOpOEHTAaxX pa3IUIHOrO THIA. ONTHMAIBHEIA Pe3ylIbTar
JOCTHUTHYT HPH UCIONB30BAaHUM B KadecTBe TBepaod Marpuibl cunkarenas Merk. TTonHora
W3BJICUCHUSI KOMIUIEKCA U3 pacTBOpa Ipu 3ToM gocturaet 97%. HalineHs! onTuManbsHbIe yc-
noBus Beienennss OK. Ha ocHOBaHMH IPOBEICHHBIX UCCIIEIOBaHNUIT pa3paboTaHa MeTOANKa
TBep10(ha3HOTO JITOMUHECIIEHTHOTO OIIPEIENICHNSI OPOTOBOII KHUCIIOTHI M €€ CONeil B JeKkap-
CTBEHHBIX Ipernaparax.

KiioueBble cioBa: TBepaoQasHas JIOMUHECHEHIMs, TEPOUii, OPOTOBAsK KMCIIOTA.
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SORPTION-LUMINESCENT DETERMINATION
OF OROTIC ACID IN MEDICINAL DRUGS

Luminescent properties of orotic acid (vitamin B ,), known bioactive substance, have been
evaluated in this research. It has been shown that inside a coordination complex of orotic acid
with terbium (III) an intermollecular excitation energy transfer from a ligand to a lanthanide
ion occurs which causes sensitization of terbium (III) ion luminescence. Intensity of the ter-
bium (III) ion luminescence (I, ) increases in the presence of anionic and cationic surface-
active agents as a result of displacement of water molecules from coordination sphere of the
complex.

As a consequence of this process, a non-radiative deactivation of excitation energy decreases
and more efficient excitation energy transfer from a ligand to a lanthanide ion occurs. It has
been established that after absorption of analyte of interest onto a polymer matrix of a solid
phase extraction sorbent with subsequent increasing of its molecular rigidity more efficient
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10.

11.

excitation energy transfer is observed followed by elevation of luminescence (I, ) intensity
of the coordination complex being studied. Intensity of luminescence of coordination com-
plex of orotic acid with terbium (III) in the form of a sorbate salt has been estimated involving
different types of sorbents (Phosphalugel, SFG-75, Calflo E, Celite 545, Silicagel Merck).
Most suitable results have been achieved by the use of Silica gel Merck as a solid-phase
matrix (sorbent). The removal rate of the complex from the solution in this case reaches to
97%. The most effective conditions for determination of orotic acid have been specified. The
highest values of luminescence intensity is obtained by conducting of sorption using 5 mL
of solution and 100 mg of sorbent. Luminescence intensity of the complex in the form of a
sorbate salt, during a sorption process, increases in presence of ethonium, cationic dimeric
surface-active agent. Decrease in luminescence intensity of the complexes in the form of a
sorbate salt in presence of other surface-active agents may be caused by solubilization of the
complex in the solution and thereby reduced level of its sorption.

On the basis of presented research work a new analytical procedure has been developed for
the solid-phase luminescence determination of orotic acid and orotic acid salts in pharmaceu-
tical drugs. Determination of orotic acid salts has been performed in pharmaceutical drugs
‘Magnerot’ (magnesium orotate) and ‘Potassium orotate’. The proposed analytical procedure
for determination of orotic acid salts is remarkable by good metrological characteristics and
relative simplicity of performance. The relative standard deviation, Sr, is 3,6 - 4,3%.

Key words: solid-phase luminescence, terbium, orotic acid.
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SYNTHESIS AND ANALGESIC ACTIVITY OF 6-AMINO-2-
PIPERAZINYLQUINAZOLINES

6-Amino-2-piperazinylquinazolin-4-one and 2-piperazinyl-4-phenylquinazoline derivatives
were synthesized. The analgesic activity of the obtained series of derivatives was investigated
and it was found that the synthesized compounds showed high analgesic activity. ED values
range from 0.46 to 0.88 mg/kg.

Key words: 2-piperazinyl-3H-quinazolin-4-ones, 2-piperazinyl-4-phenylquinazolines, anal-
gesic activity.

Pain is a physiologically important protective mechanism that occurs as a reaction of
the body to the effects of harmful, destructive irritations [1]. At the same time, pain of
extreme strength and prolonged pain irritation and a corresponding severe pain sensa-
tion lead to a decrease in the quality of life, invalidation, as well as significant economic
losses.

To date, nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used to treat
inflammation and pain. However, along with a high rate of clinical effectiveness, their
use is accompanied by a number of undesirable side effects. [2]. In this regard, there is
aneed to search for new potential drugs that would be superior to existing ones in terms
of effectiveness and/or level of safety.

Quinazoline derivatives are known to have a wide range of pharmacological proper-
ties and are widely used as the base for the creation of new biologically active com-
pounds [3—4]. In our previous works, the antiplatelet activity of 2,6-substituted deriva-
tives of quinazolin-4-one and 4-phenylquinazoline have been studied [5, 6]. It should
be noted that among the derivatives of quinazolin-4-ones and 4-phenylquinazoline there
are compounds having analgesic and anti-inflammatory properties [2, 7, 8].

The aim of this work is the synthesis and study of the analgesic activity of a number
of compounds derived from 2,6-substituted quinazolin-4-one and 4-phenylquinazoline.

DISCUSSION OF THE RESULTS

The syntheses of the main building block of 6-amino-2-piperazinquinazolin-4-
one (7) and its derivatives (9b-9¢) were carried out according to the previously
described method [5], derivatives (9a, 9d-9¢) were obtained similarly (Scheme 1). As
a result of a five-step synthesis 6-amino-2-(4-Boc-piperazin-1-yl)-3H-quinazolin-4-
one was obtained. At first, by condensation of isatoic anhydride (1) with urea
quinazoline-2,4-dione (2) was synthesized. Further, by the action of the nitrating
mixture to compound 2, 6-nitroquinazolin-2,4-dione was obtained (3). Compound 3
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Synthesis and analgesic activity of 6-amino-2-piperazinylquinazolines

was chlorodesoxygenated using phosphorus oxychloride, resulting in the formation
of 6-nitro-2,4-dichloroquinazoline, which was then hydrolyzed to form 6-nitro-2-
chloro-3H-quinazolin-4-one (4). The piperazine ring was introduced into the second
position of the quinazoline core by condensation of compound 4 with mono-Boc-
piperazine (5), and this led to the formation of compound 6. The last stage of the
synthesis of amine 7 was applied to reduction the nitro group in the sixth position of the
quinazoline cycle of compound 6. The reduction was carried out with hydrogen over a
palladium catalyst.

HBTU or HATU coupling reagents were used to condense 6-amino-2-(4-Boc-
piperazin-1-yl)-3H-quinazolin-4-one (7) with Boc-protected amino acids (b-e).
Synthesis with propionic anhydride (a) was carried out without the use of condensation
agents. As a result, series of intermediate compounds of the general formula 8 was
obtained (Scheme 1). At the next stage of the synthesis, the acidolytic removal of the
Boc-protecting groups of compounds 8 was carried out to obtain the hydrochlorides of
the target derivatives of general formula 9.

Scheme 1
N_o N_o N.__O N_Cl
Y Y AT U, NJLO
o —» NH —— N NH
NO; NO; < 4\
o 1 o 2 o 3 5
vi
X X X
N"TO N0 (No
N N\) N N\) N\ N\) 4\
ST ) g o) Y
vii v JL NH
NH —— NH » RN
NO HN 8
2 6 2 7 H o
0o o ix
P 8a, R = CH,CH,
- 8b, R = (CH,),NHB
9a, R = CH,CH, (N Cl / 8¢, R = ((CHZ;ZNHBSE
_ B N. _N yRO= 2)3
c, R = (CH,);NH, NH TN 8e,R = (CH,),NHBoc
9,R = (CH,,NH,"HCI R™ N AN
9e, R = (CH,)NH,"HCI 9 0 HBTUX=CH(j:'
e R = (CHyNH, HATUX N S ] N E:I:DfF
o F

Reagents and conditions: (¢) (H,N),CO; (ii) HNO,, H,SO,; (iii) POCL,; (iv) NaOH,
H,0; (v) H'; (vi) NEt,; (vii) H,, Pd(C); (viii) (CH,CH,CO),0 (a) or N-Boc-acid (b-e),
NEt,, HBTU or HATU; (ix) HCI , . CH,CL,

A group of derivatives based on 6-amino-2-piperazine-4-phenylquinazoline scaffold
(16a-16e) was obtained using 2-amino-5-nitrobenzophenone (10) as the starting
compound (Scheme 2). As a result of condensation of the starting benzophenone 10
with urea, 6-nitro-4-phenylquinazolin-2-one was obtained (11). Further preparation of
chloro derivative (12), condensation with mono-Boc-piperazine (13), and reduction
of the nitro compound to the amino compound (14) were carried out similarly to the
corresponding reactions for quinazolin-4-one.
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The condensation of 6-amino-2-(4-Boc-piperazin-1-yl)-4-phenylquinazoline (14)
with propionic anhydride (a) was carried out directly, and the condensation with Boc-
protected amino acids (b-e) was performed using the HATU coupling reagent with
obtaining the corresponding intermediates of general formula 15 (Scheme 2). Acidolytic
removal of the Boc-protecting groups of compounds 15 made it possible to obtain series
of target derivatives of general formula 16 in the form of crystalline hydrochlorides.

Scheme 2

I

15a, R = CH,CH, O 16a, R = CH,CH,
15b, R = (CH,),NHBoc 16b, R = (CH,),NH,*HCl

15¢, R = (CH,),NHBoc 160, R = (CH,);NH,*HCI
15d, R = (CH,),NHBoc 16d, R = (CH,),NH,*HCI
156, R = (CH,);NHBoc 16e, R = (CH,);NH,*HCI

Reagents and conditions: (i) (H,N),CO, 180-190 °C, 2 h; (it) POCI,, PCl,, 6 h; (iii)
N-Boc-piperazine (S, see Scheme 1), NEt,, 6 h; (iv) H,, Pd(C), C.H,-MeOH (1:1), 2-3
h; (v) (CH,CH,CO),0 (a) or N-Boc-acid (b-e), NEt,, HATU; (vi) HCI (@9 CH,CL,.

Thus, two series of 6-amino-2-piperazinylquinazoline derivatives containing
substituents with various carbon chain lengths near the amino group at the 6th position
of the quinazoline heterocycle, were obtained (Table 1).

The analgesic activity of the synthesized compounds was tested on a model of
peripheral pain in vitro according to the “writhing” method in mice, which were induced
by intraperitoneal administration of a 0.75% solution of acetic acid. The classic NSAID
diclofenac sodium was used as a comparison preparation. The synthesized compounds
showed high analgesic activity. ED, values are in the range from 0.46 to 0.88 mg/kg
(for diclofenac sodium, the found ED, value is of 10.00 + 1.80 mg/kg). Among the
investigated derivatives, compound 16b containing the residue of 3-aminopropionic
acid, was found to be the most active. As a result of the experiment, the doses at which
the compounds showed distinct pharmacological properties were determined. The ED,
values of the test compounds are shown in the table (see Table 1).

When studying the effect of the substituent in the 4th position of the quinazoline
heterocycle on the analgesic activity, it was found that compounds with the phenyl
substituent (16) generally showed higher activity compared to 4-oxoquinazoline
derivatives (9), the levels of activity of the latter are almost the same for all studied
analogues (Table 1).
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Table 1

Analgesic activity of derivatives of 4-oxo(4-phenyl)6-amido-2-piperazinylquinazolines
(compounds 9a-e, 16a-¢)

Structure Compound R Aggifs[l:]gfktg]?y
9a CH,CH,- 0.73+0.18
(\NH; cr 9b HCI'NH,CH,CH,- 0.80+0.24
o Ny N\)

S 9¢ HCI'NH,(CH,),CH. - 0.80+0.25

PS NH 2 e

R™ "N

H o) ? 9d HCI"'NH,(CH,),CH,- 0.83+0.26
9e HCI'NH,(CH,),CH,- 0.79+0.25
16a CH,CH,- 0.5240.16
16b HCI"'NH,CH,CH,- 0.46+0.14
16¢ HCI"'NH,(CH,),CH,- 0.53+0.17
16d HCI"'NH,(CH,),CH,- 0.77+0.24
16e HCI"'NH,(CH,),CH,- 0.88+0.25

*Comparison preparation — diclofenac sodium, ED, = 10.0+1.8 mg/kg

It is necessary to note certain regularities in the dependence of the analgesic activity
of the compounds on their structure, namely, the influence of the carbon chain near
the amido group in the 6th position of the quinazoline heterocycle. In particular, for
compounds with shorter substituents 16a-16¢, the activity is 1.5-2 times higher than
for derivatives with residues of 5-aminopentanoic 16d and 6-aminohexanoic acid 16e.

It was also found that the presence of an amino group at the end of the carbon chain
gives a increase in analgesic activity at the conversion from the propanamide derivative
16a to the 3-aminopropanamide derivative 16b.

EXPERIMENTAL PART

The reaction progress and the purity of the obtained compounds were monitored by
thin layer chromatography (TLC) on ALUGRAM® Xtra SIL G/UV254 (MACHEREY-
NAGEL) plates in a solvent system — benzene: acetone: acetic acid (100:50:1).
Substances were detected on chromatograms using ninhydrin reagent or UV light at A
= 254 nm. Mass spectra of the compounds were recorded by the FAB method on a VG
7070 mass spectrometer, nitrobenzyl alcohol was used as a matrix, ionization was car-
ried out by a beam of Ar atoms with energy of 8 kV. The ("H) and ('*C) NMR spectra
were recorded on a Bruker Avance DRX instrument with operating frequencies of 500
MHz and 125 MHz, respectively, in DMSO-d, solutions (99.9%); internal standard was
TMS at 25 °C. The melting temperature was determined on a PTP-1 device in sealed
capillaries, the heating rate was 1 °C/min. The synthesis of compounds 2-7, 8b-8c,
9b-9¢ was carried out according to the previously described method [5]. Compounds
8a, 8d-8e, 9a, 9d-9e were synthesized in a similar manner.
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N-[2-(4-Boc-piperazin-1-yl)-4-oxo-3H-quinazolin-6-yl[propanamide (8a).

Yield 56%. White solid. R, 0.39. M.p >250 °C. 'H NMR (400 MHz, DMSO-d,), 3,
ppm: 1.09 (t, J=7.4 Hz, 3 H) 1.42 (s, 9 H) 2.32 (q., J/=7.4 Hz, 2 H) 3.40 (s, 4 H), 3.56
(s,4H)7.26 (d,/=8.3 Hz, | H) 7.74 (d, /=7.9 Hz, 1 H) 8.26 (s, 1 H) 9.95 (s, 1 H) 11.34
(br.s, 1 H). FAB-MS m/z: 402 [M+H]".

5-N-Boc-amino-N-[2-(4-Boc-piperazin-1-yl)-4-oxo-3H-quinazolin-6-yl]
pentanamide (8d).

Yield 71.5%. White solid. R, 0.37. M.p 234-235 °C. '"H NMR (400 MHz, DMSO-d,),
S, ppm: 1.36 (s, 10 H), 1.41 (s, 10 H), 1.56 (t, J/=6.5 Hz, 2 H), 2.29 (t, J/=5.6 Hz, 2 H),
2.92 (dd, J=12.1, 5.6 Hz, 2 H), 3.40 (s, 4 H), 3.56 (s, 4 H), 6.80 (br.s, 1 H), 7.27 (d,
J=7.5Hz, 1 H), 7.73 (d, J/=8.4 Hz, 1 H), 8.27 (s, 1 H), 9.98 (s, 1 H), 11.43 (br.s, 1 H).
FAB-MS m/z: 545 [M+H]".

6-N-Boc-amino-N-[2-(4-Boc-piperazin-1-yl)-4-oxo-3H-quinazolin-6-yl]
hexanamide (8e).

Yield 65%. White solid. R, 0.4. M.p 239-240 °C. '"H NMR (500 MHz, DMSO-d,), 3,
ppm: 1.22-1.45 (m, 4 H), 1.35 (s, 9 H), 1.41 (s, 9 H), 1.55-1.61 (m, 2 H), 2.29 (t, J=7.5
Hz, 2 H), 2.90 (dd, J=12.1, 6.5 Hz, 2 H), 3.40 (s, 4 H), 3.56 (s, 4 H), 6.76 (s, 1 H), 7.26
(d,J/=8.4Hz, 1 H),7.73 (d,/=8.4 Hz, 1 H), 8.26 (s, 1 H), 9.96 (s, | H), 11.43 (br.s, 1 H).
FAB-MS m/z: 559 [M+H]".

N-[2-(4-Piperazinium-1-yl)-4-oxo-3H-quinazolin-6-yl|propanamide chloride (9a).

Yield 97%. White hygroscopic solid. "H NMR (500 MHz, DMSO-d,), 6, ppm: 1.08
(t, /7.5 Hz, 3 H), 2.36 (q, J=7.5 Hz, 2 H), 3.26 (s, 4 H), 4.07 (s, 4 H), 7.89-7.92 (m,
2 H), 8.44 (s, 1 H), 9.82 (s, 2 H), 10.41 (s, 1 H); 'H (400 MHz, D,0), 8, ppm: 1.07 (t,
J=7.5Hz,3 H), 2.32 (q, J/=7.4 Hz, 2 H), 3.46 (t,J/=4.8 Hz, 4 H), 3.98 (t, J=4.5 Hz, 4 H),
7.24 (d,J=9.0 Hz, 2 H), 7.53 (dd, J=8.9, 2.1 Hz, 1 H), 7.83 (d, /=1.8 Hz, | H). "C NMR
(126 MHz, D,0), 6, ppm: 9.11 (1 C), 29.82 (1 C), 42.30 (2 C), 43.26 (2 C), 115.15 (1
), 116.81 (1 C), 118.39 (1 C), 128.82 (1 C), 135.30 (1 C), 135.52 (1 C), 149.92 (1 C),
163.13 (1 C), 176.43 (1 C). FAB-MS m/z: 302 [M+H]".

S-Ammonium-N-[2-(4-piperazinium- 1-yl)-4-oxo-3H-quinazolin-6-yl[pentanamide
dichloride (9d).

Yield 95%. White hygroscopic solid. '"H NMR (500 MHz, DMSO-d,), ppm: 1.59—
1.68 (m, 4 H), 2.41 (t, J=5.8 Hz, 2 H), 2.78 (dd, J=11.3, 5.8 Hz, 2 H), 3.27 (br.s, 4 H),
4.12 (br.s, 4 H), 7.96 (d, J=8.7 Hz, 1 H), 8.01 (d, J/=8.4 Hz, 1 H), 8.10 (s, 3 H), 8.48 (s,
1 H), 9.97 (s, 2 H), 10.72 (s, 1 H); '"H NMR (400 MHz, D,0), 6, ppm: 1.61-1.64 (m,
4 H), 2.37 (t, J=6.1 Hz, 2 H), 2.91 (t, J/=6.0 Hz, 2 H), 3.44 (t, J=4.8 Hz, 4 H), 3.99 (t,
J=4.8 Hz,4 H), 7.37 (d, J=9.0 Hz, 1 H), 7.63 (dd, J=8.9, 2.4 Hz, 1 H), 7.95 (d, J=2.3 Hz,
1 H). "C NMR (126 MHz, D,0), 6, ppm: 21.40 (1 C), 25.72 (1 C), 35.18 (1 C), 38.66
(1C),41.76 (2 C),43.10 (2 C), 114.87 (1 C), 117.13 (1 ©), 118.01 (1 C), 129.10 (1 C),
134.59 (1 C), 135.08 (1 C), 149.15 (1 C), 161.74 (1 C), 174.33 (1 C). FAB-MS m/z:
345 [M+H]".

6-Ammonium-N-[2-(4-piperazinium-1-yl)-4-oxo-3H-quinazolin-6-yl] hexanamide
dichloride (9e).

Yield 98%. White hygroscopic solid. "H NMR (500 MHz, DMSO-d,), 6, ppm: 1.34
(ddd, J=15.0, 7.8, 7.7 Hz, 2 H), 1.56-1.63 (m, 4 H), 2.37 (t, J=7.3 Hz, 2 H), 2.75 (q,
J=6.7 Hz, 2 H), 3.25 (br.s, 4 H), 4.05 (br.s, 4 H), 7.85-7.94 (m, 2 H), 8.04 (br.s, 3 H),
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8.45 (d, J/=1.0 Hz, 1 H), 9.84 (br.s, 2 H), 10.54 (s, 1 H); '"H NMR (400 MHz, D,0), 6,
ppm: 1.32 (ddd, J=15.0, 7.8, 7.6 Hz, 2 H), 1.55-1.63 (m, 4 H), 2.34 (t, /=7.4 Hz, 2 H),
2.88 (t, J/=7.5 Hz, 2 H), 3.42 (t, J=5.0 Hz, 4 H), 3.97 (t, /=5.0 Hz, 4 H), 7.33 (t, J/=8.8
Hz, 1 H), 7.61 (dd, J=9.0, 2.3 Hz, 1 H), 7.92 (d, J/=2.3 Hz, 1 H). “C NMR (126 MHz,
D,0), 6, ppm: 24.07 (1 C), 24.68 (1 C), 25.97 (1 C), 35.68 (1 C), 38.82 (1 C), 41.81 (2
C),42.85(2C), 114.92 (1 C), 117.06 (1 C), 118.07 (1 C), 128.90 (1 C), 134.87 (1 O),
135.09 (1 C), 149.50 (1 C), 162.65 (1 C), 174.96 (1 C). FAB-MS m/z: 359 [M+H]".

The synthesis of compounds 11-12 was carried out similarly to the procedure de-
scribed in [9]; the synthesis of compounds and derivatives 13—16 (a-e) was carried out
in accordance with the previously described procedure [5].

6-Nitro-4-phenylquinazolin-2-one (11)

A mixture of 87 g of 5-nitro-2-aminobenzophenone and 22 g of carbamide was kept
at 180—-190 °C until the evolution of ammonia ceased, about 2 hours. Next, the melt
mixture was transferred to a porcelain cup, cooled, grinded and triturated with water.
The precipitate was filtered off and recrystallized from DMF. Yield 22 g (23%). Orange
crystalline precipitate. M.p >300 °C. FAB-MS m/z: 268 [M+H]".

2-Chloro-6-nitro-4-phenylquinazoline (12)

A mixture of 19 g of 6-nitro-4-phenylquinazolin-2-one, 100 ml of fresh POCI,, pre-
viously distilled, and 14 g of PCI, were refluxed for about 5 hours. The reaction mixture
was cooled, after which phosphorus oxychloride was evaporated under reduced pres-
sure. The residue was poured onto ice (100 g) and carefully adjusted to a neutral pH
with the aqueous solution of ammonia. The resulting precipitate was filtered off, washed
with plenty of water. The product was recrystallized from ethanol. Yield 76%. Beige
solid. R;0.93. M.p. 185-186 °C. FAB-MS m/z: 286, 288 [M+H]".

6-Nitro-2-(4-Boc-piperazin-1-yl)-4-phenylquinazoline (13)

To a solution of 4.5 g of 2-chloro-6-nitro-4-phenylchloroquinazoline (0.016 mol)
in 200 ml of acetonitrile, 3 g of N-Boc-piperazine and 2.2 ml of NEt, was added. The
solution was boiled with stirring for 4 hours. Then the resulting mixture was cooled in
the refrigerator. The precipitate was filtered off, washed with small amounts of water
and cold acetonitrile, and dried.

Yield 75.5%. Yellow solid. R, 0.8. M.p. 179-180 °C. FAB-MS m/z: 436 [M+H]".

6-amino-2-(4-Boc-piperazin- 1-yl)-4-phenylquinazoline (14)

A solution of 1 g of 6-amino-2-(4-Boc-piperazin-1-yl)-4-phenylquinazoline in 100
ml of EtOH was subjected to catalytic hydrogenation at room temperature in the pres-
ence of 5% palladium-carbon (0.05 g) for 1-1.5 hours (the progress of the reactions
was monitored by TLC). After completion of the reaction, a helium stream was passed
through the solution for 20 minutes. The solution was filtered through a zeolite layer;
the filtrate was evaporated to dryness under reduced pressure. The amino derivative was
used directly in the next stage.

Yield 89%. Yellow solid. R, 0.75. FAB-MS m/z: 406 [M+H]".

N-[2-(4-Boc-piperazin-1-yl)-4-phenylquinazolin-6-yl[propanamide (15a)

To a solution of 0.002 mol of amine in 25 ml of methylene chloride, 0.26 ml (0.002
mol) of propionic anhydride was added. The mixture was refluxed for 2 hours. Then
the solution was cooled and washed successively with water (40 ml), 1M HCI solution
(40 ml) and 5% NaHCO, solution (40 ml). The organic phase was dried over anhydrous
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sodium sulfate, and the solvent was evaporated to dryness under reduced pressure. The
residue was purified using silica column chromatography (5% MeOH/CHCI,). Yield
53%. Yellow solid. R, 0.76. M.p. 193194 °C. '"H NMR (500 MHz, CDCl,), 6, ppm:
1.22 (t, J=7.4 Hz, 3 H), 1.50 (s, 9 H), 2.37 (q, /=7.1 Hz, 2 H), 3.54 (s, 4 H), 3.97 (s, 4
H), 7.45-7.55 (m, 4 H), 7.62 (d, /=7.4 Hz, 1 H), 7.73-7.75 (m, 3 H), 8.12 (s, 1 H). FAB-
MS m/z: 462 [M+H]".

General method for the synthesis of derivatives with various amino acids

0.002 mol of Boc acid was dissolved in anhydrous acetonitrile (25 ml). The solution
was cooled to —5 °C and 0.28 ml (0.002 mol) of triethylamine was added, followed by
HBTU (0.76 g, 0.002 mol) or HATU (0.76 g, 0.002 mol). The mixture was stirred for 1
hour at -5 °C, and then 0.002 mol of amine was added. The mixture was then stirred for
7 hours at 50 °C. The residual amounts of activated ester and the initial Boc acid were
destroyed by the addition of a few drops of N,N-dimethylpropane-1,3-diamine. The
solvent was evaporated to dryness under vacuum. The residue was dissolved in 100 ml
of chloroform and washed successively with water (40 ml), IM HCI solution (40 ml)
and 5% NaHCO, solution (40 ml). The organic phase was dried over anhydrous sodium
sulfate and concentrated by rotary evaporation. The resulting products 15b-15e were
purified by silica column chromatography (5% MeOH/CHCL,).

3-N-Boc-amino-N-[2-(4-Boc-piperazin-1-yl)-4-phenylquinazolin-6-yl]propan-
amide (15b)

Yield 25%. Yellow solid. R, 0.69. M.p. 190-191.5 °C. '"H NMR (500 MHz, CDCl,),
S, ppm: 1.40 (s, 9 H), 1.50 (s, 9 H), 2.59 (t, J=5.5 Hz, 3 H), 3.48 (dd, J=11.3, 5.5 Hz, 2
H), 3.55 (s, 4 H), 3.98 (s, 4 H), 5.14 (br.s, 1 H), 7.53-7.56 (m, 3 H), 7.64 (s, 1 H), 7.75
(d,J/~4.4Hz,2 H), 7.82 (d, J/=8.5 Hz, | H), 8.10 (br.s, 1 H), 8.14 (s, 1 H). FAB-MS m/z:
577 [M+H]".

4-N-Boc-amino-N-[2-(4-Boc-piperazin-1-yl)-4-phenylquinazolin-6-yl]butanamide
(15¢)

Yield 65%. Yellow solid. R 0.59. M.p. 209-210 °C. '"H NMR (500 MHz, CDCl,), 3,
ppm: 1.45 (s, 9 H), 1.50 (s, 9 H), 1.86 (ddd, /=11.7, 6.2, 6.0, Hz, 2 H), 2.37 (t, J/=6.0 Hz,
2 H), 3.24 (dd, J/=11.3, 6.0 Hz, 2 H), 3.55 (s, 4 H), 3.98 (s, 4 H), 4.81 (t, /=5.5 Hz, | H),
7.50-7.56 (m, 3 H), 7.64 (s, 1 H), 7.79 (d, J/=6.3 Hz, 2 H), 7.89 (d, J/=8.5 Hz, |1 H), 8.27
(s, 1 H), 9.12 (s, 1 H). FAB-MS m/z: 591 [M+H]".

5-N-Boc-amino-N-[2-(4-Boc-piperazin-1-yl)-4-phenylquinazolin-6-yl]pentanamide
(154d)

Yield 46%. Yellow solid. R, 0.61. M.p. 138-139 °C. '"H NMR (500 MHz, CDCl,), 3,
ppm: 1.40 (s, 9 H), 1.50 (s, 9 H), 1.55 (ddd, J/=13.7, 6.9, 6.6 Hz, 2 H), 1.74 (ddd, J=14.1,
7.1,7.0 Hz, 2 H), 2.39 (t, J=7.1 Hz, 2 H), 3.16 (dd, J=11.5, 6.0 Hz, 2 H), 3.55 (s, 4 H),
3.98 (s, 4 H), 4.67 (brs, 1 H), 7.51-7.56 (m, 3 H), 7.62 (d, /=8.5 Hz, 1 H), 7.76-7.80
(m, 4 H), 8.15 (br.s, 1 H). FAB-MS m/z: 605 [M+H]".

6-N-Boc-amino-N-[2-(4-Boc-piperazin-1-yl)-4-phenylquinazolin-6-yl]hexanamide
(15e)

Yield 52%. Yellow solid. R; 0.64. M.p. 94-95 °C. '"H NMR (500 MHz, DMSO-d,),
o, ppm: 1.21-1.27 (m, 2 H), 1.30-1.39 (m, 11 H), 1.43 (s, 9 H), 1.55 (m, J=7.8, 7.8, 7.8,
7.8 Hz, 2 H), 2.27 (t,J=7.4 Hz, 2 H), 2.88 (q, J=6.6 Hz, 2 H), 3.45 (s, 4 H), 3.85 (t, J=4.9
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Hz, 4 H), 6.74 (t, J=4.3 Hz, 1 H), 7.58-7.61 (m, 4 H), 7.72-7.74 (m, 2 H), 7.93 (dd,
J=9.1,2.2 Hz, 1 H), 8.24 (d, /=1.7 Hz, 1 H), 10.04 (s, | H). FAB-MS m/z: 619 [M+H]".

General procedure for acidolytic cleavage of Boc-protective groups

0.001 mol of compound 15 was dissolved in 100 ml of dried CH,Cl,. Dry HCI was
bubbled through the solution for 1 hour. The completeness of the reaction was moni-
tored by TLC. The product precipitated from the solution in the form of hydrochloride.
After completion of the reaction, the solvent was evaporated to dryness and the precipi-
tate was dried at 40 °C under reduced pressure (2 mm Hg) for 2 hours.

N-[2-(4-piperazinium-1-yl)-4-phenylquinazolin-6-yl]propanamide chloride (16a)

Yield 98%. Yellow hygroscopic solid. 'H NMR (500 MHz, DMSO-d,), 6, ppm: 1.05
(t, J=6.8 Hz, 3 H), 2.33 (q, /=6.9 Hz, 2 H), 3.24 (s, 4 H), 4.24 (s, 4 H), 7.61-7.67 (m,
3 H), 7.78 (d, J/=5.5 Hz, 2 H), 7.94 (d, J=6.6 Hz, 1 H), 8.06 (d, /=8.1 Hz, 1 H), 8.44 (s,
1 H), 9.68 (s, 2 H), 10.40 (s, 1 H); '"H NMR (500 MHz, D,0), 6, ppm: 0.99 (t, J=7.7
Hz, 3 H), 2.23 (q, J=7.6 Hz, 2 H), 3.34 (t, /=4.9 Hz, 4 H), 4.11 (t, J/=4.9 Hz, 4 H),
7.39-7.48 (m, 5 H), 7.53-7.57 (m, 2 H), 7.91 (d, J/=2.0 Hz, 1 H). *C NMR (126 MHz,
D,0), 8, ppm: 8.53 (1 C), 29.34 (1 C), 41.34 (2 C), 42.15 (2 C), 115.90 (1 C), 117.55
(10),118.91 (1 C), 128.28 (2 C), 129.55 (1 C), 129.69 (2 C), 131.90 (1 C), 133.93 (1
0), 134.74 (1 ©), 138.78 (1 C), 131.22 (1 C), 172.74 (1C), 175.75 (1C). FAB-MS m/z:
362 [M+H]".

3-Ammonium-N-[2-(4-piperazinium-1-yl)-4-phenylquinazolin-6-yl]propanamide
dichloride (16b)

Yield 95%. Yellow hygroscopic solid. 'H NMR (500 MHz, DMSO-d,), 5, ppm: 2.78
(t, J/=6.6 Hz, 2 H), 3.04 (q, J/=5.8 Hz, 2 H), 3.22 (s, 4 H), 4.17 (s, 4 H), 7.61-7.64 (m,
3 H), 7.75-7.80 (m, 3 H), 8.01-8.06 (m, 4 H), 8.42 (s, 1 H), 9.56 (br.s, 2 H), 10.68 (s,
1 H); '"H NMR (500 MHz, D,0), 8, ppm: 2.76 (t, J/=6.9 Hz, 2 H), 3.21 (t, J=6.6 Hz, 2
H), 3.39 (t, /=4.9 Hz, 4 H), 4.20 (t, /=4.9 Hz, 4 H), 7.53 (t, J=7.7 Hz, 2 H), 7.62-7.67
(m, 4 H), 7.79 (dd, J=9.3, 2.2 Hz, 1 H), 8.08 (d, /=2.2 Hz, 1 H). *C NMR (126 MHz,
D,0), 6, ppm: 32.77 (1 C), 35.36 (1 C), 41.97 (2 C), 42.67 (2 C), 116.90 (1 C), 119.20
(1C), 119.46 (1 C), 128.91 (2 C), 130.20 (2 C), 130.80 (1 C), 132.33 (1 C), 134.81 (1
(), 134.86 (1 C), 139.51 (1 C), 151.89 (1 C), 170.73 (1 C), 174.18 (1 C). FAB-MS mi/z:
377 [M+H]".

4-Ammonium-N-[2-(4-piperazinium- 1-yl)-4-phenylquinazolin-6-yl]butaneamide
dichloride (16¢)

Yield 98%. Yellow hygroscopic solid. '"H NMR (500 MHz, DMSO-d,), 8, ppm: 1.90
(q,J=7.4 Hz, 2 H), 2.44-2.46 (m, 2 H), 2.77-2.83 (m, 2 H), 3.24 (s, 4 H), 4.25 (s, 4 H),
7.62-7.67 (m, 3 H), 7.77-7.80 (m, 2 H), 7.95 (d, /=8.5 Hz, 1 H), 8.09 (dd, J=9.1, 1.6
Hz, 1 H), 8.15 (br.s, 3 H), 8.46 (s, 1 H), 9.74 (br.s, 2 H), 10.68 (s, 1 H); 'H NMR (500
MI'y, D,0), 8, ppm: 1.86 (ddd, J=15.4, 7.7, 7.5 Hz, 2 H), 2.40 (t, J=7.5 Hz, 2 H), 2.92
(t, J=7.5 Hz, 2 H), 3.36 (dd, J=5.2, 5.2 Hz, 4 H), 4.16 (dd, J=5.2, 5.2 Hz, 4 H), 7.48 (4,
J=7.8 Hz, 2 H), 7.55-7.62 (m, 4 H), 7.68 (dd, J=9.1, 2.3 Hz, 1 H), 8.02 (d, J/=2.1 Hz,
1 H). ®C NMR (126 MHz, D,0), 6, ppm: 22.51 (1 C), 33.06 (1 C), 38.75 (1 C), 41.90
(2 C),42.61 (2 C), 116.62 (1 C), 118.73 (1 C), 119.28 (1 C), 128.82 (2 C), 130.19 (2
C), 130.46 (1 C), 132.35 (1 C), 134.58 (1 C), 135.01 (1 C), 139.19 (1 C), 151.68 (1 O),
173.27 (1 C), 173.80 (1 C). FAB-MS m/z: 391 [M+H]".

S-Ammonium-N-[2-(4-piperazinium- 1-yl)-4-phenylquinazolin-6-yl|pentanamide
dichloride (16d)
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Yield 94%. Yellow hygroscopic solid. 'H NMR (500 MHz, DMSO-d,), 8, ppm:
1.56-1.65 (m, 4 H), 2.37 (t, J/=5.9 Hz, 2 H), 2.77 (dd, J=11.3, 6.6 Hz, 2 H), 3.24 (s, 4
H), 4.24 (s, 4 H), 7.61-7.67 (m, 3 H), 7.78 (d, /=7.1 Hz, 2 H), 7.94 (d, J/=8.0 Hz, 2 H),
8.06-8.11 (m, 4 H), 8.47 (s, 1 H), 9.74 (s, 2 H), 10.61 (s, 1 H); '"H NMR (500 MHz,
D,0), 6, ppm: 1.59-1.62 (m, 4 H), 2.35 (t, /=6.9 Hz, 2 H), 2.92 (t, J=6.6 Hz, 2 H),
3.39 (dd, J=5.0, 4.9 Hz, 4 H), 4.19 (dd, J=5.0, 4.9 Hz, 4 H), 7.51 (t, J/=7.7 Hz, 2 H),
7.59-7.64 (m, 4 H), 7.71 (dd, J=8.8, 2.2 Hz, 1 H), 8.06 (d, /=2.2 Hz, 1 H). *C NMR
(126 MHz, D,0), 6, ppm: 21.83 (1 C), 26.23 (1 C), 35.70 (1 C), 39.12 (1 C),41.92 (2 C),
42.67(2C),116.75 (1 C), 118.86 (1 C), 119.55 (1 C), 128.86 (2 C), 130.19 (2 C), 130.54
(10),132.32 (1 C), 134.72 (1 C), 135.00 (1 C), 139.63 (1 C), 151.96 (1 C), 173.82 (1
C), 174.67 (1 C). Mass spectrum (FAB-MS) m/z: 405 [M+H]".

6-Ammonium-N-[2-(4-piperazinium- 1-yl)-4-phenylquinazolin-6-yl]hexanamide
dichloride (16e)

Yield 97%. Yellow hygroscopic solid. 'H NMR (500 MHz, DMSO-d,), 6, ppm: 1.32
(m, J=7.5,7.5,7.5,7.5Hz,2 H), 1.57 (m, 4 H), 2.34 (t, /=7.4 Hz, 2 H), 2.73 (m, J=6.1,
6.1, 6.1, 6.1, 6.1 Hz, 2 H), 3.23 (s, 4 H), 4.23 (s, 4 H), 7.61-7.65 (m, 3 H), 7.77-7.79
(m, 2 H), 7.91 (d, J/=8.7 Hz, 1 H), 8.05 (s, 3 H), 8.08 (d, /=9.2 Hz, 1 H), 8.44 (s, 1 H),
9.72 (s, 2 H), 10.51 (s, 1 H); "HNMR (400 MHz, D,0), 3, ppm: 1.30 (m, J=8.2,8.2, 8.2,
8.2 Hz, 2 H), 1.53-1.61 (m, 4 H), 2.30 (t, /<7.4 Hz, 2 H), 2.88 (t, /=7.4 Hz, 2 H), 3.38
(t,J=4.9 Hz, 4 H), 4.18 (t, J=4.4 Hz, 4 H), 7.50 (t, J/=7.4 Hz, 2 H), 7.59-7.63 (m, 4 H),
7.70 (dd, J=9.3, 1.6 Hz, 1 H), 8.05 (d, J=1.6 Hz, 1 H). "C NMR (126 MHz, D,0), 3,
ppm: 24.49 (1 C), 25.18 (1 C), 26.46 (1 C), 36.20 (1 C), 39.49 (1 C), 41.92 (2 C), 42.67
(2 0), 116.79 (1 C), 118.91 (1 C), 119.57 (1 C), 128.85 (2 C), 130.17 (2 C), 130.58 (1
), 132.29 (1 C), 134.74 (1 C), 135.03 (1 C), 139.65 (1 C), 152.00 (1 C), 173.87 (1 C),
175.36 (1 C). FAB-MS m/z: 419 [M+H]".

Biological experiment

The study of the analgesic activity of the synthesized compounds was carried out on
a model of peripheral pain, the basis of which is chemical pain irritation. The pain was
induced by the intraperitoneal administration of 0.75% acetic acid solution, which leads
to the occurrence of involuntary contractions of the abdominal muscles — “writhing”.
Acetic acid solution was administered intraperitoneally 40 minutes after intraperitoneal
administration of the test compounds in a dose range. Experimental animals were
monitored for 20 minutes and the number of “writhing” for each animal was counted.
Analgesic activity was evaluated by the ability of the compounds to reduce the number
of “writhing” compared with the control group. The classic NSAID diclofenac sodium
ata dose of 10 mg/kg was used as a comparison preparation. ED,  values were calculated
according to the method of V. B. Prozorovsky.
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CHUHTE3 TA AHAJIB'ETHNYHA AKTUBHICTH MOXITHUX
6-AMIHO-2-ITIITITEPASUHIJIXTHA3OJITHIB

Mertoro naHoi poOOTH € CHHTE3 Ta JOCTIHKEHHS aHAJITeTHYHOI aKTUBHOCTI PALY MOXITHUX
2,6-3aMilieHuX XiHa30miH-4-0oHy 1 4-¢eHinxinasoniny. B pe3ynbraTi mpoBenaeHOi poOOTH
OyJI0 OTPUMAaHO pPsi MOXIAHUX 2-minepa3uHiia-3H-xiHa3oniH-4-oHy (I’STh CHONYK) Ta
2-ninepa3uH-4-¢eninxinazonidy (I’sATh CIOIYK), 0 MICTATh MPU aMiHOTpPyI 6-0ro moJjo-
JKEHHsI XIHA30JIIHOBOTO TeTEPOLMKITY 3aMICHUKH 3 PI3HOIO JOBKHUHOIO BYIJICLIEBOTO JIAHIIIOTA.
ByoBy CHHTE30BaHHX CIOJYK MiATBEPUKYBaIM 3a JonoMororw meroxis 'H- ta 3C- SIMP
crekrpockorii Ta FAB mac-cniekrpomerpii. AHaJIreTHUHY aKTHBHICTh CHHTE30BAHHX CIIOJIYK
JIOCTIKYBAITH i Vitro Ha MOJieli epuepruaHOro OO0 32 METOJIOM «KOPUiBY Y MHIIICH, 10
BUKJIMKAJIHM BHYTPIIIHHOUEPEBHUM BBE/ICHHSIM OLITOBOT KMCJIOTH. L{LIbOBI CIIONYKH IPOSIBHIIH
BUCOKY aQHAJITCTUYHY aKTUBHICTh. 3HAYCHHS ED50 3HaXOIAThCS B aiamasoHi Bix 0.46 mo
0.88 mr/kr (11s1 muknopeHaka HaTpito 3HaineHe 3HaueHHs ED,  ckmamae 10.0+1.8 mr/kr).
B sxocTi mpemnapary HOpIBHSHHS BUCTYIAB KJIACHYHUH HECTEPOINHUI NpOTH3aNaIbHUH
mpernapaTr — JUKIopeHaK HaTpito. B pesynbraTi eKCriepMMEHTY BH3HAYEHI 103U, B SKHX
CIIOJIyKH TIPOSIBHJIM BHPa3HI (hapMakoJIOTiuHI BIACTHBOCTI. [IpW HOCTIKEHHI BIDIMBY
3aMiCHHKA 4-0TO IIOJIOKCHHSI XIHA30JHOBOTO T€TEPOIMKIY HA AHAITCTHYHY AKTHBHICTB,
BCTaHOBIICHO, IO CITONYKH, SIKi MICTATh Y CBOEMY CKJIaJli IEHTPATbHUN 4-(QeHUTX1HA30IIHOBUI
(parmeHT, 3arajoM MpOsIBIIIM OUIBIY aKTHBHICTH B MIOPIBHSIHHI 3 MTOX1THUMH JI0 CKJIAY SKAX
BXOINTh HEHTPAIbHUI 4-OKCOXIHA30JIIHOBUI KapKac; IJISi OCTaHHIX PiBEHb AaKTHBHOCTL
MaiiKe OTHAKOBHH JUIS BCIX TOCHIIKEHIX aHAJIOTIB.

KirouoBi cioBa: 2-minepasuHin-3H-xiHa3omiHin-4-0H1, 2-minepa3suH-4-(eHiIXiHa30MiHY,
QHAJITCTUYHA AKTUBHICTb.
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CHUHTE3 U AHAJIBI'ETUYECKASA AKTUBHOCTbD
MPOU3BOJHBIX 6-AMUHO-2-ITUITEPASUHUJIXWNHA30/INHOB

CuUHTE3UpOBaHbI MIPOU3BOIHBIE G-aMUHO-2-MTUNEPASUHXUHA30INH-4-0Ha U 2-NHUNEpa3uH-4-
(enmnxuHazonuHa. V3ydeHa aHaNbreTHUYECKass aKTHBHOCTh IMOJYYEHHOTO psifia TPOU3BOJI-
HBIX U OOHapyXE€HO, YTO CHHTE3MPOBAHHBIE COEAWHEHUS O0JaJaroT BHICOKOW aHAJIbIeTH-
YeCKOH aKTHBHOCTBIO. 3HAUCHUS ED50 HaxosaTcs B quanasone ot 0,46 xo 0,88 mr/kr.

KonioueBsie cioBa: 2-mnmnepasuHmi-3H-XUHa30IMH-4-0HbI, 2-ITHIIepa3sHHII-4-(eHIIXNHA-
30JIMHBI, aHATbI€THIECKasi aKTHBHOCTb.
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BU3HAYEHHA POJII BOOHEBUX 3B’S3KIB Y ®OPMYBAHHI
KPUCTAJIIB KYITPYM (1I1) 1,10-@EHAHTPOJITH
I'APOKCUKAPBOKCHUJIATOI'EPMAHATIB METOJOM
MNOBEPXOHb XIPIIPEJIBAA

[IpencraBnena po0oTa HPUCBSYCHA MOCIIHKCHHIO MDKMOJEKYJSPHHX B3a€MOIINH KOM-
IJIEKCHUX ~ CTONyK  KarioH-aHionHoro tumy  [Cu(Phen),CI],[Ge(HCit),]-6H,0  (I),
[Cu(Phen),],[Ge,(OH)(HTart)(pu-Tart),]-11H,0 (II), [CuCl(Phen),],[{Ge,(OH),(u-
Tart),}CL,]-4H,0 (IIT), [Cu(Phen),],[(OH),Ge,(n-HXylar),Ge,(u-OH),]-8H,0 (IV),
[CuCl(Phen),],[(OH),Ge (n-HXylar),Ge (u-OH),]-8H,0 (V) metomom mnosepxonb Xipri-
¢enpaa. BcraHoBineHO, MO B CKJIadi CIONYK CIIOCTEPIrarOThCs PI3HI THIIN BOJHEBUX
B3aemoniit: Oipypkatni, cumerpuyni O-H...O, C-H...C ta HecumeTpH4Hi 3a y4acTIO MO-
neKkynn Boxmu. JIBoBuMIpHI rictorpamu, 2D-posroptku noBepxoHb Xipuidespaa T03BOIMIN
KUTBKICHO OIIIHHUTH 3B’SI3KH B KPUCTAJax, Ta BCTAHOBUTH, 110 HAWOIIBIINI BHECOK B 3araiib-
HY IUIOIIy IOBEPXOHb I'iJPOKCHKAapOOKCHIIATOrepMaHAaTHUX aHIOHIB croiyk I-V BHOCATBH
38 s3ku H...O/O...H Tta xonraktu H...H. Busnauaneaum amst popmyBaHHS KpPHCTAliB BHU-
SIBUJIACh TIPUCYTHICTh BEJIHMKOI KUTBKOCTI MOJIEKYJ KpHCTalli3aliifHOI BOAM, IO MPUHMAIOTh
Y4acTb B YTBOPEHHI CKJIAQIHOI CHCTEMH BOJHEBUX 3B’S3KIB Ta 3MILHIOIOTH CTPYKTYpPY, fAKa
B iHIIOMY BHIaKy Oyia 6 HECTIHKOIO Yepes BEJIMKI pPO3MipH KaTiOHIB Ta aHIOHIB.

Kawuosi cioBa: mnosepxni Xipridesnbaa, BOIHEBI 3B’SI3KH, 7-T CTEKIHT B3a€EMOIIs,
repMaHiif, KympyM, KOOpAWHAIIMHI CHOJYyKH, IWTpaTHA KHCIIOTa, TapTpaTHa KHUCIIOTA,
TPHUTiAPOKCUTITYTAPOBA KUCIIOTA.

Hanpasnenuii cuHTE3 CKIAIHUX CYHPaMONEKYISIPHUX apXiTeKTyp i3 3aJaHUMU
BJIACTUBOCTSIMH — OfIHE 3 TOJIOBHUX 3aB/IaHb MOJICKYJISIPHOT iH)KEHepil B TIaHi MepCreK-
TUB PO3BUTKY XiMiuHOI HaykH [1]. @opmyBaHHS e()eKTUBHUX MATEPHIB AT MOAIBIIIO-
IO CTBOPEHHS TaKUX CIOIYK MPEJCTABIsE COO0I0 CKIaJHY Ta BaXIIUBY 3ajady, 110 HA
MepIIoMy ertari norpedye KOMIUIEKCHOTO JTOCIHIKEHHS BCIX MIXK- Ta BHYTPILIIHBOMO-
JICKYJISIPHUX B3a€MOAiNH. MeTos MoBepxoHb XipIi(enbaa BUXOAUTh 32 PAMKHU ICHYI0UO1
napajurMyu BU3HAYCHHS MK SIIEPHUX BifICTaHeH 1 KyTiB, AiarpaM yrnakoBKU KPUCTaJIiB
Ta i7eHTudiKaIii TICHUX KOHTAKTiB — 1 pO3MIISLIa€ MOJIEKYIIHU SIK LUTICHI CTPYKTYpPH, LIO
JI03BOJISIE BiJOOPA3UTH KapTHHY HOBUM Bi3yaJIbHUM 00pa3oM. 3TiHO TAKOTO MiAXONY,
MOBEPXHS BU3HAUAE IIISIHKY IIPOCTOPY, A€ €JIEKTPOHHA T'yCTHHA MOJICKYNIU (IIpOMOJIe-
KyJIH) IOMiHY€ HaJ yCEPEIHEHOIO CIEKTPOHHOIO I'YCTHHOIO BChOTO KpuCTaiy. [lis 1bo-
IO pO3PaxOBY€eThCS BaroBa (PyHKIis w(r):

wi = D p®/ D p,

iemolecule iecrystal

ne a p(r) — chepuuHO-ycepeHEHA aTOMHA €JIEKTPOHHA I'YCTHHA, 10 30Cepe/keHa Ha
i-my sapi [2-5].
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[30omoBepxHss — noBepxHs Xipiidenbaa — BH3HAYAE 00’ €M MPOCTOPY 3 BaroBOKO
¢dynukuiero w(r) > 0,5. Ha npaktumi moBepxHs Xipuidensaa npeacTaBiise co0oro Hadip
JICCATKIB TUCSY TOYOK IMOBEPXHI, IO OTPUMAaHI IIIJISTXOM TPiaHTyJISIIIii.

B cBoro gepry, indopmaiiiro mpo BiAMOBIIHI KOHTAKTHI BiJICTaHi B/l KOXXHOT TOYKH
TIEPENAKOTH JIBA IIAPAMETPA: d, — BIICTaHb BiJl IOBEPXHi J10 HAKOIMKIOTO BHY TPIIIHBOTO
aroMma, a ale — BIZICTaHb BiJl IOBEPXHI J0 HAMOIMKIOTO aToMa 1n03a TIoBepxHero. Ha mif-
CTaBi WX BiJICTaHEH PO3PaXOBYEThCS 3HAYCHHS HOPMaTi30BaHOI KOHTAKTHOI BiZICTaH1

B (da _ T;vdW) N (de _ T{vdh’)

d =
norm 7; vdW TQDdW !

CHMETPUYHOTO 10 d,i d, ne u's — Ban-nep-Baanbcosi pagiycu atomis [3].

JIiist reoMeTpUYHOTO TIpeICTaBICHHS! ¢()EKTUBHOCTI MIKMOJICKYJISIPHUX B3aEMOJIIH
noBepxHs Xipiidenbaa po3hapOoByeThCs (MAy€eThCs) B KOJIbOPH (YCPBOHUI-O1THIA-
OJMIAKUTHUI) B 3aJIOKHOCTI BiJl BENMYUHM d : KOHTAKTH, SIKI KOPOTIII 338 CyMy BaH-
JIepBaalibCOBHX PaJliyCiB HA TIOBEPXHI 300paKyrOThCS YEPBOHUMH TUIIMaMH. 3a TaKUM
iAX0/10M, OJTM3BKI MIXKMOJICKYISPHI BiICTaHI XapaKTEPU3YIOTHCS IBOMA OHAKOBO I10-
(hapboBaHMME 00IACTSAMHU, HABITh SKIIO BOHH CITOCTEPITatOThCS HA PI3HUX MOJICKYJIax.
Amnaniz 3a d B piBHIl Mipi BpaxOBy€ pOJIb JIOHOPA i aKLENTOpa, 10 POOUTH METOJ
Xiprrdenbaa eHeKTUBHUM THCTPYMEHTOM JIJISl aHAJII3y MIKMOJICKYJIIPHUX B3a€MOJIIH,
TaKuX sIK BOJHEBI 3B’s13Ki Ta ciabmi kontaktu C...H1C...H...n [6-9].

2D-posroptku noepxHi Xipmdenbaa IpeacTaBIsiioTh COO00 YHIKaIbHUH crocio
00pobku iH(popMaIlii, 0 MICTUTECS B MOJICKYJSIPHIM KPHCTATIUHIN CTPYKTYypi, ¥ BH-
ISl TTOBHOKOJIBOPOBOT KapTH, CBOTO POMY «BITOWTKA MAbBIIBY» MIXMOJCKYISIPHUX
B3aeMonid B KpucTam. CTBOPIOETHCS JBOMIpHA TicTOrpama 3 JUCKPETHUMH JaHUMHU
d. 1 d 3 mmpuHOKO iHTEpBAITY 0,01A. Ha miarpamax Komip KOXHOI TOUKH € (yHKIII€0
YacTKHM TOUOK MOBEPXHi B Uil 001acTi, 1 BapilO€THCS BiJl CHHBOTO (BIAHOCHO HEBEJIMKa
KUTBKICTh TOYOK) JIO 3€JICHOTO 1 4epBOHOTO (Oarato To4oK). ['padiku «BiqOUTKIB Maib-
IiB» YHIKaJbHI s Oy/Ib-sIK01 MOJIEKynn B kpuctaii [10-12].

ABTopamu OyJI0 OJIepXKaHO 1 CTPYKTYPHO OXapaKTepU30BaHO PsiJl MOMIOHUX CyTIpa-
MOJICKYJISIPHAX aHCAMOJIIB, B CTPYKTYPI SKHX PEali3yIOThCS IUTPATO-, TAPTPATO-, KCH-
JapatorepMaHartHi aHioHHU 1 kaTioHu — 1,10-peHanTposiHOBI KomIuiekcH Kynpymy(Il)
[13—15]. BusiBneno, 1mo ckiiajHa CTPYKTypa aHiOHIB ()OPMY€ETHCS 32 PaxyHOK CHC-
TEMH PO3Taly’KeHUX BOAHEBUX 3B’S3KiB, a apoMarudHa Oymoma 1,10-¢peHantponiny
3YMOBIIIOE TI-T CTEKiHT B3a€MOJIII0 BcepenuHi KaTioHiB. IlpeacraBiena pobora mpu-
CBYEHA NPONOBKEHHIO nociikenns cnonyk [Cu(Phen),Cl],[Ge(HCit),]-6H,0 (I),
[Cu(Phen),],[Ge,(OH)(HTart)(u-Tart),]- 11H,O  (II), [CuCl(Phen),],[{Ge,(OH),(u-
Tart),}Cl1,]-4H,0 (III), [Cu(Phen),],[(OH),Ge,(n-HXylar) Ge,(u-OH),]-8H,0 (IV),
[CuCl(Phen),] 4_[(OH)2Gez(u—HXylar) ,Ge,(u-OH),]-8H,0 (V) MeTogoM TNOBEpXOHb
Xipmgenpaa. [i Meta — npoaHasnizyBaTy i HOPIBHATH OCOOIMBOCTI MIKMOJIEKYISIPHUX
B3aeMoii B kpucTanax I-V Ta BU3HAUUTH poib BOJHEBHX 3B S3KIB y (DOPMYyBaHHI iX

CTPYKTYP.

T_udw vdW
i
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MATEPIAJIM I METOJAM JOCJIAKEHHS

Cronyku I-V 6y110 CHHTE30BaHO OpUTIHAIBHUM METO/IOM, 1110 IIepeadauae oJeprxkaH-
Hsl CTIHKUX Y BOJAHOMY PO34YMHI LUTPATO-, TAPTPATO-, KCHIAPATOTEPMAHATHUX KUCIIOT
Ta IX mojanpiry B3aeMoito 3 1,10-penantponinoBumu kommiekcamu Cu(ll) B eranomi.
Cronyku BceOIUHO 0XapaKTepHU30BAHO CYKYITHICTIO Cy4acHHX (hi3MKO-XIMIYHHX METO-
JIB: €JIEMEHTHHUM, PEHTTCHO-CTPYKTYPHHM aHaiizoM, [Y-, Mac-criekTpockorieto, Tep-
MorpaBiMeTpiero. CTpYKTYpHI JJaHl Ta CTePeOXiMiuHi 0COOIUBOCTI OIEP)KAHUX CTIOIYK
HaBEJICHO B IMOTIEpEIHIX poboTax aBropis [13—15] ta 3agenonoBano B KeMOpimKChKiid
kpuctanorpadiuniii 6azi manux CCDC: 1509113 (I), 1878102 (II), 1878103 (III),
1999453 (IV), 1999455 (V).

[ToepxHi XipmBeibaa, a Takoxk 2D-rpadiku BIIOUTKIB MabIIB OyJI0 CTBOPEHO 32
noromororo nporpamu CrystalExplorer 17.5 [16]. Sk BuUXiJHI qaHi I TOJATBITHX
PO3paxyHKiB 0yI0 BHKOPHUCTAHO PE3YJIbTaTH PCHTICHOCTPYKTYPHOTO aHaIi3Yy.

PE3YJIBTATH TA iX OBITOBOPEHHSA

s xoxHOT 13 cnonyk -V Oyno moOynoBaHO TPUBUMIPHY KapTHHY TICHHUX KOH-
TaKTiB y KPUCTAJIi, HA SIKIH KOPOTKI KOHTAKTH 300pa’kK€HO YEPBOHUM KOJIBOPOM, TOJI
SIK 1HIII, CJIA0II 1 JOBII,— 1€ CBIT/II JUISHKM Ta HEBENHKI tuisiMu (puc. 1-5). Y ckia-
I yCiX KOMIUIEKCIB HasiBHI KpUCTalli3alliiiHi MOJIEKYJIH BOJAHM, 110 NMPUHMAIOTh y4acTb
B YTBOPEHHI PO3Tally’KEHOT CUCTEMHU BOAHEBUX 3B s3KIB Ta 3MII[HIOIOTH CTPYKTYPY, SIKa
B iHIIOMY BUNAJKy Oyja O HECTIHKOIO uepe3 BeJIMKi po3Mipu KaTioHiB Ta aHiOHIB. Tak,
B kpuctayi I MoJeKyIu BOAM BUKOHYIOTH MICTKOBY (DYHKIIIO Ta MOEIHYIOTh CYCiAHI
anionn [Ge(HCit),]*” B nanuioru, a Takox 3B’A3y10Thb ix 3 karionamu [Cu(phen),CI]".
HixaBo, mo y cknazai I HasBHI pi3Hi TUIK BomHEBUX 3B s3KiB: cumerpuuni C-H...C
Tta O-H...O 3 piBHOMIpHUM PO3MOMAIICHHSIM EJIEKTPOHHOI T'YCTHHH Ta aCHMETPHUHI
C-H...O, O-H...C 3a yuacrio mosekyn H,O. KpiM Toro, crnocrepiratoTbcsi KOHTaKTH
0e3nocepeIHbO MK KaTIOHOM Ta aHIOHOM a0o JBOMa KaTioHaMH, a TaKoX Oidypkar-
Hi 3B’513KM aToMiB Tigporeny 1,10-peHaHTpomiHa 3 OKCUTEHOM KapOOKCHIIATHOT TPyIH
TapTparHoi KUCIOTH Ta MoJiekyinoro Boau (C(29)-H(29)...0(5), C(29)-H(29)...0(9))
abo aromamu kapOony B aHioHi (C(8)-H(8)...0(5), C(8)-H(8)...C(4)). B kpucramiunii
ynaxoBi I kaTioHu Ta aHIOHW YTBOPIOIOTH IIAPH, 1[0 YEPTYIOTHCS, a Mi’K apOMaTHIHU-
MU KiTbIsiMU 1,10-(peHaHTposiHA B KaTiOHI TIOJATKOBO CIOCTEPITaroThCs -7 CTEKIHT
B3aemozis (3.39 A) (puc. 1).

Cononyku II, III MicTaTh y CBOEMY CKJaAi pPi3HI TapTpaTorepMaHaTHi aHIOHU
[Ge,(OH)(HTart)(u-Tart),]* (II) Ta [Ge,(OH)(u-Tart),]* (III), mo CceneKTHBHO
3B’SI3YIOTHCS 3a JIOTIOMOTOK0 MICTKOBMX MOJIEKY/ Boju 3 Karionamu [Cu(Phen),]*" (II)
ta [CuCl(Phen),]" (III). Anion B III — numMepHU, KOOpAMHALIHHI O pH ABOX aTO-
MiB repMaHilo — BUKPHUBICHHI TPUTOHANBHI Oinipamiau, axion B II MicTUTh nogaTkoBH
TEepPMiHAILHUI TapTpaTHUH JIiraH I, Mo 0iICHTaTHO KOOPAMHYETHCS JI0 OJHOTO 3 aTOMIB
repmairo i yrBoproe okraezap. B II monekynn Bomu Buctynatots B poni H,O...H,0
creiicepiB, 0 NOEJHYIOTH i0Hi30BaHy kapOokcuiatHy rpymy H Tart” 3 xarionom Ta
OH-niraniom aroma repMaHiro cycigaporo aniona. B cromymi I qumepHi aHioHH, HE
3B’s13aHi OUH 3 OTHUM Ta BiTOKPEMITIOIOTHCS IIYCTOTAMH, YIIOPSAKYBAHHS CTPYKTYPH
B1IOYBa€ThCs 32 paxyHOK KarioHiB. OcobmuBicTio criostyk Il Ta II1 € HassBHICTB 3B’ 3Ky
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Puc. 1. Bizyanizauis noepxni Xiprgenbaa 1t aHioHa cronyku I

Fig. 1. Hirshfeld surface visualization for anion of compound I

C-H...Ge (3.034-3.037A), ne nonopom Bucrynae kap6ou 1,10-penanTponiny y cknasi
KaTiOHY, a aKI[eNITOPOM — I ITHKOOPAMHOBAHUI aToM repmadiio (puc. 2, 3).

Puc. 2. Bizyanizauis nosepxHi Xipmgenbaa 1t aviona cronyku 11

Fig. 2. Hirshfeld surface visualization for anion of compound IT
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OcoOmuBocti crpykryp 11 1 III BU3HaYarOTh HAsBHICTh TT-T CTeKiHT B3aemoii B 11,
a B IIl — yTBOpEeHHS JIAHIIOTIB KaTIOHIB, MO MOEIHYIOThCS cumerpuyaumu C-H...C
BOJIHEBUMU 3B’ SI3KAMHU.

Puc. 3. Bizyamizanis moBepxHi Xipmdensaa s aniona cromyku IT

Fig. 3. Hirshfeld surface visualization for anion of compound III

3rigHo 3 ganumMu PCA cnonyku IV 1 V MicTaTh OIHAKOBHI CUMETPUUYHUHN aHIOH
[(OH),Ge,(u-HXylar),Ge,(u-OH),]*, B sikoMy aToMH TepMaHilO0 yTBOPIOIOTH TPHIO-
HanbHy Oimipaminy i okraeap. HasBHicTh B cTpykTypax pisnux karionis [Cu(Phen),]**
(IV) i [CuCl(Phen),]" (V) BruMBae Ha BIAMIHHOCTI B iX KpHCTani4Hil ynakosui. Tak,
B kpucraii IV aHioHM 3B’si3aHi MK COOOI0 MICTKOBUMH MOJICKYJIaMH BOJH, a B V —
3B’sI3yIOThCsL Oe3nocepennbo 3a joromoror C-H...O Bzaemoniii (C(2)-H(2)...0(3),
2.517 A). Beepenuni 40oTHpLOXAAEPHOTO aHiOHA CTIOCTEPIraeThes CKIAjHA CHCTEMa
BOTHEBHX 3B’SI3KIB MK aTOMaMHU OKCUI'CHY TiIPOKCIIBHUX Ta JCMPOTOHOBAHUX Kap-
OOKCHJIATHUX TPyN yepe3 MICTKOBI MOJEKYJIM BOAu — ABa 3B’s3ku B IV Ta voTupu
3B’s13ku B V (O-H...O cumerpuusi) (puc. 4, 5).

Meton aHamizy nmoBepxoHb Xipuidenbia J03BOJISIE€ KUTbKICHO OIIHUTH BOJIHEBI
3B’SI3KHM B KpucTaii. Tak, 3a JOIMOMOTOI0 TpadikiB «BiIOUTKIB ManbLiB» (puc. 6) 1mo-
pPaxoBaHO BIJICOTKOBHUI BKIIaJ Pi3HUX BOJAHEBHX 3B’sI3KiB B Kpucranax I-V (puc. 7).
BeranosieHo, mo HaHOUIBIINI BHECOK B 3arajbHy IUIONIY ITOBEPXOHb Xipmi(erbaa
TIIPOKCUKapOOKCHIATOTepPMAHATHUX aHIOHIB cnoinyk I-V BHOCsATh 3B’s3ku H...O/
O...H Ta xontaktu H...H. Bognouac, Bknazg B3aemoniii C...H/H...C e HalimeHIInMm.

CrinpHuM 1 crionyk I-V € HasgBHICTh BEUKOI KUTBKOCTI MOJIEKYJT KpUCTaTi3allii-
HOT BOJIM, IO MPUIMAIOTh y4acTh B YTBOPEHHI CKJIQJHOI CUCTEMHU BOIHEBUX 3B’ A3KIB.
Haii0inbImn HMOBIpHO, CHITH BIIIITOBXYBaHHS MK Oarato3apsIHIMHU aHiIOHAMU 3aHAJITO
BEJIMKI 1 y BiICYTHOCTI Bou (pOpMyBaHHS IUIBHOI YITAKOBKH KPHCTATIB YCKIIAIHEHO.
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Puc. 4. Bizyaunizauis moBepxHni Xipuidensaa st aniona crionyku IV

Fig. 4. Hirshfeld surface visualization for anion of compound IV

Puc. 5. Bizyanizauis moBepxHi Xipmigensaa st aHioHa CHOITyKH V

Fig. 5. Hirshfeld surface visualization for anion of compound V
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Puc. 6. I'padixu «BiIOUTKIB MaJIbIIiB» KOMIUICKCHUX aHioHIB [-V
3 Buginennmu kourakramu H...0/O.. . H, H.. H, C...H/H...C

Fig. 6. Fingerprint plots of complex anions I-V with H...O/O...H, H...H, C...H/H...C contacts
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H H.H M H..O0 H C.H [ other

Structure 1_anion

Structure 2_anion

Structure 3_anion

Structure 4_anion 62,4 % 5,1%| 7,2 %
Structure 5_anion 59,4 % 5,1%4,89%
0% 25% 50 % 75 % 100 %
a

M HHBCHBEC.CEH.OMNHNIBNC.N N H.C N other

Structure 1_cation 18,3 % 82 %

Structure 2_cation 21,7% 8,5% 20,0 %

Structure 3_cation

Structure 4_cation y 18,4 % 6,9 % 252 %

Structure 5_cation 159 /o 8,9 % 16,5 %

0% 25% 50 % 75% 100 %
6

Puc. 7. Bknan pizHuX THIIB B3aeMoill y moBepxHIo Xipmidenbaa aHioHIB (a) Ta KaTioHiB (0)
B crionykax I-V.

Fig. 7. Percentage contributions to the Hirshfeld surface area for the various close intermolecular
contacts of anions (a) and cations (6) for molecules -V

Bpaxosyroun te, 1110 38’ s13ku H-O/O-H HaitkopoTii i, 04eBUIHO, HAWCHITBHIIII, BOHH
BHOCSITh HAWOUTBIINEI BKJIAJT JIO MIOBEPXOHb Xipmidenblia yCixX aHiOHIB. 3BaKarouu Ha
Te, IO B YCIX CHOJYKax MPHUCYTHIN onHaKoBUH KomruiekcoyTBoptoBad Ge(IV), cTpyk-
Typy aHIOHIB BU3HAYAIOTh MOJIICHTATHI JIITAaH/IH: [IATPATHA, TAPTPATHA, TPHUTIIPOKCH-
[IyTapoBa KUCIIOTH, 1[0 BiJPI3HSIIOTHCS KIJIBKICTIO Ta PO3TANTYBaHHSIM T'JIPOKCHIBLHUX
1 KapOOKCWIIBHUX TPYII, SIKI IPUAMAIOTh Y4acTh B YTBOPEHHI Pi3HHUX THITIB BOJHEBHUX
3B’s13KiB. OziepKaHi pe3yybTaTH BAXKIWBI IS TIOAAIBIIIOTO PO3YMIHHS POJIi BOJHEBUX
3B’SI3KIB B TpoIlecax KpUCTai3allii, YTBOPSHHS KPHUCTAJOTIAPATiB, SISKTPHYHOT TUC-
oriartii, Ta, 0COOJIMBO, PO3YHMHEHHS B 010JIOT1YHUX CHCTEMaX.
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ABTOpH BUCIIOBIIIOIOTh BEJIHMKY IIOISKY 3aBiIyBady BiIIITy PEHTICHOCTPYKTYp-

HUX JOCHimkeHb Ta kBaHTOBOI Ximil iM. O.B. Ilumkina k.X.H. [Iumkiniit Ceitnani
BaneHTHHOBHI Ta MOJIOIIIOMY HayKOBOMY CITIBPOOITHUKY, K. X.H. [IbsIKOHEHKO BikTOpii
Bonomumupisai (HaykoBo-TeXHOJIOTIYHUI KOMIUTEKC « [HCTUTYT MOHOKpHUcTamiBy HAH
VYkpainn) 3a mpoBeeHI PEHTIeHOCTPYKTYPHI IO CIiPKCHHS.
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HUCCJEJTOBAHUE POJIM BOAOPOJHBIX CBSI3EN

B OBPA3BOBAHUMU KYIIPYM (II) 1,10-CEHAHTPOJINH
I'MIAPOKCUKAPBOKCUJIATOI'EPMAHATOB METOAOM
MOBEPXHOCTEMN XUPII®EJbIA

IIpencraBnennas paboTa HOCBSIIEHA HCCIIEOBAHUIO 0COOEHHOCTEH KPUCTAIINYECKHUX CTPYK-
Typ KomrulekcHbIx coenunennit [Cu(phen),Cl],[Ge(HCit),]-6H,0 (I), [Cu(Phen),],[Ge,(OH)
(HTart)(u-Tart),]- 11H,0 (1),  [CuCl(Phen),][{Ge,(OH),(u-Tart),} CL]-4H,0  (III),
[Cu(Phen),],[(OH),Ge,(n-HXylar),Ge,(u-OH),]-8H,0  (IV), [CuCl(Phen),],[(OH),Ge,(1-
HXylar),Ge,(u-OH),]-8H,0 (V) meTomom mosepxHocTel Xupmdenbaa, KOTOpbIA paccma-
TPUBAET MOJEKYNBI KaK IETOCTHBIC CTPYKTYPBI U SBISETCS d(P(PEKTHBHBIM HHCTPYMEHTOM
JUISL aHAIM3a MEXMONEKYISIPHBIX B3aUMOJAEHCTBUI, TaKUX Kak BOZOPOAHBIE CBSI3U U Oolee
cmabpie C...H u C...H...n. Inst kaxmoro u3 coequHeHuii [-V ObUT0 MOCTPOEHO Tpexmep-
HYIO KapTHHY TECHBIX KOHTAKTOB B KPHCTaJLIe, HA KOTOPOH KOPOTKNE KOHTAKThI OKPAIICHBI
KpacHBIM I[BETOM, a JpyrHe, Ooyiee ciadble M JUIMHHBIE — CBETIIbIE 00IacTu M HeOobIIue
MSTHA. YCTaHOBJICHO, YTO B COCTaBE KOMIUIEKCOB HAONIONAIOTCS Pa3HBIE THITBI BOAOPOI-
HBIX B3auMopelcTBuii: Oudypkarasle, cummerpuansie O-H...O, C-H...C u HecummeTpuy-
HBIE C Y4aCTHEM MOIJIEKYT BOABI. J[ByXMepHBIE THCTOrpaMMBbl, 2D-pa3BepTKu MOBEPXHOCTEH
Xupiigenbaa NO3BOIMIN KOIMYECTBEHHO OLICHUTh CBA3M B KPHCTAIaX U YCTaHOBUTH, YTO
HanOOJBIINI BKJIAJ B OOIIYIO IUTOLIAb TOBEPXHOCTEH I'HAPOKCHKapOOKCHIaTOrepMaHaTHBIX
annoHoB coeaunenuit I-V Baocst cesazu H...O/O...H u xontakter H...H. Onpenensironm
JUIst (POPMHPOBAHUS KPHCTAJUIOB OKA3aJI0Ch NMPUCYTCTBHE OOJBIIOTO KOJHMYECTBA MOJEKYI
KPHCTAIUTH3AIIOHHON BOJIBI, KOTOPbIE IPHHIMAIOT YJ9acTHe B 00pPa30BaHUHU CIIOXKHON CHCTe-
MBI BOIOPOAHBIX CBSI3€H N yKPEIUIAIOT CTPYKTYPY, KOTOpas B IPOTUBHOM CiTy4ae Oblia Obl He-
YCTOWYMBOM 13-3a 0OJIBLIMX pa3MEepPOB KaTHOHOB U aHHOHOB. IlomyueHHBIE pe3ysIbTaThl BaxK-
HBI JUIs TAJIbHEHIIIero MOHMMaHUs POJIM BOIOPOHBIX CBsA3El B IpoIieccax KPUCTAIUIN3ALUH,
00pa30BaHus KPUCTAJUIOTUAPATOB, MIEKTPUIECKON JUCCOINALNHY, U, 0COOCHHO, PACTBOPEHHS
B OMOJIOTHYECKUX CHCTEMaX.

KnioueBble c10Ba: moBepxHOCTh Xupiidenbaa, BOAOPOIHBIE CBA3HU, TT-T-CTIKUHT B3aWMO-
JEeUCTBUS, TEPMaHuUil, KynpyM, KOOPAWHALMOHHBIE COSIUHEHNUs, IUTPATHAs KUCIOTa, Tap-
TpaTHast KUCJIO0Ta, TPUOKCUIIIyTapoBast KUCIIOTA.
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HYDROGEN BONDS IN THE FORMATION

OF COPPER(I) 1,10-PHENANTHROLINE
HYDROXYCARBOXYLATOGERMANATE CRYSTALS USING
HIRSHFELD SURFACE ANALYSIS

This article is dedicated to the investigation of crystalline structure in the complex
cation-anionic compounds Cu(Phen),CI],[Ge(HCit),]-6H,0 (I), [Cu(Phen),],[Ge,(OH)
(HTart)(u-Tart),]-11H,O ~ (II),  [CuCl(Phen),] [{Ge,(OH),(p-Tart),} CL]-4H,0  (III),
[Cu(Phen),],[(OH),Ge (u-HXylar),Ge,(u-OH),]-8H,0  (IV), [CuCl(Phen),],[(OH),Ge,(u-
HXylar),Ge,(u-OH),]-8H,0 (V) using Hirshfeld surface analysis. This method has showed it-
self as an effective tool for analysis of intermolecular interactions, such as hydrogen bonds or
weaker C...H and C...H...n connections. Three-dimensional picture of close interactions in
the crystal was built for each of the compounds I-V, where short connections are red-colored,
while others — weaker and shorter — are light areas and small spots. It was established that
in the structures of all compounds different types of hydrogen bonds are presented: bifurcate
connections, symmetrical O-H...O, C-H...C and asymmetrical ones with water molecules.
Two-dimensional histograms — 2D-fingerprint plots, allowed to evaluate quantitively con-
nections in the crystals and establish that H...O/O...H and H...H interactions make the big-
gest contribution to the total surface area. The presence of the big number of crystallization
water molecules is determinant for the formation of complex system of hydrogen bonds and
strengthening of the structure, that otherwise would be unstable because of the big size of
cations and anions. Due to the fact, that all compounds have the same complexing agent Ge
(IV), structure of the anion is determined by polydentate ligand. Obtained results are impor-
tant for the further development of the water role in the processes of crystallization, crystal
formation, electrical dissociation and, especially, dissolving of coordination compounds in
biological systems.

Keywords: Hirshfeld surfaces, hydrogen bonds, n-rt staking interactions, germanium, copper,
coordination compounds, citric acid, tartaric acid, trioxyglutaric acid.
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HOBI KUCJIOTHO-OCHOBHI IHIUKATOPMU:
JOCNAXKEHHSA HA CMAPT®OHI

3anponoHOBAaHO HOBI KHCIOTHO-OCHOBHI iHIUKAaTOpH — N-apuiicynbhoHin-2-apoinamino-1,4-
6eH30(HadT0)XiIHOHMOHOIMIHH i 2,5-11ubeH30i1ami10- 1,4-0eH30XIHOH, 110 MAOTh Y)KE By3b-
Knit inTepBan nepexoxa xoiabopy (Bix 0,10 mo 0,61 oguauIs pH) 1 «mparroroTe» B iHTEpBai
pH Bin 8,82 no 11,35. Po3unHM JaHUX CHONYK B JIy)XKHOMY CEPEIOBHILE MAaOTh SICKPaBi,
IHTEHCUBHI KOJIbOPH, 1[0 0OYMOBICHO YTBOPSHHSIM Me30MepHHX ioHIB. Ile 103Bois€e BHKO-
PHCTOBYBaTH 3alpPOIOHOBAHI 1HAUKATOPU Y THTPYBaHHI CIAOKUX KHCJIOT CHJIBHUMHU OCHO-
BaMH 1 HaBIAKHM 32 METOIOM Heirpanizaiii. PO3po0iIeHo yCTaHOBKY 1 METOAMKY 3py4YHOTO
i BUCOKOTOYHOT'O OJIHOYACHOTO BH3HaYeHHs pH cepenoBuIla i Koabopy KUCIOTHO-OCHOBHHX
IH/IUKATOPIB 3a JIONOMOTOI0 cMapT(OHa 3 TOAANBIIOI 00POOKOIO PE3yIIBTaTiB KOMIT I0TEPHUM
[porpaMHUM 3a0e3MeueHHsIM, 110 103BOJISI€ TOYHO BH3HAYMTH 3MIiHM KOJIPHUX XapakTepH-
cTuk ipu 3MiHi pH cepenosuma i moOyayBaTu rpadidHi 3aIeKHOCTI Koabopy Bijg pH.

Karwuosi cioBa: xiHOHIMIH, 1,4-0¢H30XIHOH, KHUCIOTHO-OCHOBHHI 1HIUKATOP, KUCIOTHO-
OCHOBHE THTPYBaHHsI, CMapT(OH.

OnuH 13 HanPSIMIB CYYacHOT aHATIITUYHOT XiMii MOJISATae y CTBOPEHHI IPOCTHX Y BH-
KOPHCTaHHI Ta JJOCTYITHUX 3aC001B XIMIYHOTO aHai3y. BakTMBUMHU METOAaMH, 110 CTH-
MYJTIOIOTh PO3BUTOK ITi€1 TEHICHIIIT, € KOJIOPUMETPisi, CIEKTPO(HOTOMETpist Ta Bi3yalilbHa
KOJIOpUMETPIst. 3 mommpeHHsIM uppoBux GoTorpadiii, HACTUTBHUX CKaHEPIB Ta 1HITUX
MOOUTEHUX TPUCTPOIB, 3IATHUX PEECTPYBATH 300paskeHHsS 00’ €KTa Ta HOTO KOJIBOPOBI
XapaKTEePUCTUKH, 3’ IBUBCS MBUAKUI, 00’ €KTUBHUI Ta aBTOMaTH30BaHUHN CIIOCIO OIIiH-
KM KOJTbOPOBUX XapaKTEPUCTHK 3a0apBIeHHX 3pa3kiB [1].

3 2007 poxy 3’SBJISIOTHCS TEPIi CTATTI PO BUKOPUCTAHHS B Iild POJIi CTIITHHUKO-
BHX TeJe(OHIB i cMapT(OHIB, sIKi 3apa3 3alMaIOTh JIAUPYIOUY TO3HIIIO 33 KiJIBKICTIO
myOmikariit [2]. 3aBasku MUQPPOBiH TEXHII CTa€ MOXKIMBUM €KCIIPECHUH, 00’ EKTHBHHIA
1 aBTOMaTHU30BaHUH aHaJi3 KOJIBOPOBUX TBEPMX 3Pa3KiB 1 pO34YMHIB [3].

3BUYAliHI JIAOOpATOPHI IHCTPYMEHTH aHaNi3y CKJIaJIHO TPAHCIOPTYBaTH, BOHHU HE
€ MOOITPHUMHY, BUKOPHCTAHHS IMX 3aCc00iB 0OMEXye MPOBEJACHHS aHAN3y in Situ.
CmaptdoHHU HE MAIOTh IIBOTO HEJIOJIKY, IXHi BIACTUBOCTI Ta OCOOJIMBOCTI MIBUJIKO PO3-
BHBAIOTHCS, TOMY X BUKOPHCTaHHS B XIMIYHOMY aHaJi31 3 KOKHUM JTHEM CTa€ BCe O1ITbII
nomupeHruM. CMapTQOHU BUKOPUCTOBYIOTHCS B €KOJIOTIUHIHN €ITiIeMioIIOTii, U BHMi-
PIOBaHHS KQJIaMyTHOCTI BOJIM, B aBTOMATH3AIli{ Ta MOJICITFOBAaHHI, B MEJIUYHIN HAyII [4].
[IpryomMy BOHN BUKOPHUCTOBYIOTHCSI HE TUTBKU JJIST ONTHYHOTO BHUSBJIICHHS XIMIYHHX Ta
010XIMIYHUX PEUOBHH, aJI€ 1 JUI IPOBEACHHS EICKTPOXIMIYHIX BUMIPIOBaHb.

B ananmitiyHii XiMii py TPOBEICHHI KUCIIOTHO-OCHOBHUX THTPYBaHb Ba)KJIHBE 3HA-
YEHHSI MAIOTh XapaKTEPUCTUKH 1HIMKATOPIB, SIKi BHKOPUCTOBYIOTHCS IIPH TUTPYBaHHI,
30Kpema, iX inTepBai pH nepexoay kombopy [5]. LLIHpoko 3aCTOCOBYIOTHCS KHCIOTHO-
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OCHOBHI 1HJMKATOPH, 10 MAaOTh XIHOHIMIHHY Oy/JOBY: METHJIOBHH (hiOJNCTOBHW, Me-
TUJIOBHW 3€JICHHI, ali3apUHOBUI YEPBOHUH, alli3apuHOBUN 3€JICHUHA. AJie HEIOJIIKOM
OUTBIIOCTI 1HAMKATOPIB, 1 30KpeMa, XIHOHIMIHHUX, € IIUPOKHUNA IHTEPBAII IIEPEXOIY KO-
meopy (Big 1 1o 3 omunaune pH) npu 3mini pH cepenosumia [6].

PaHime B SKOCTI KHCJIOTHO-OCHOBHHUX 1HJIMKATOPIB 3alpoOIOHOBaHI N-apuiiCyiib-
¢donin-2-apuncynbdoniiamino-1,4-6enzoxinonimiau 1 [7], 3-apuicynbdoninaminono-
xigHi N, N'-6ic-apuicynbdoHin-1,4-06en3oxiHonaiiMiniB 2 1 3 [8], HadronoxinHi 4 [6]
(cxema 1), skl MarOTh BYy3bKHH 1HTEPBAII MIEPEXOAY KOJILOPY, IO HE TIEPEBHIIY€E OTHIET
onuHUI pH.

Cxema 1
Schema 1
0 Ar'SO,NH NSO,Ar
ArSO,N NHSO,Ar ArSO,N NHSO,Ar  NHNHC(O)Ar
3 0
1 NSO,Ar
ArSO,N
ArSO,N NHSO,Ar
2 4

XiHoHIMIHH 1 MalOTh iHTEPBAIH MEPEXOAY KOIbOPY B Mexkax 2,9 < pH <4,1, xiHOHi-
MmiHn 2, 3 — B mexkax pH Bix 3,1 10 5,8, TO6TO BOHM MOXKYTh OyTH BUKOPUCTAHI TUIBKU
JUIS TUTPYBAHHS CUJIBHUX KHCJIOT CIaOKMMHU OCHOBaMH 1 HaBmaku. IHTepsan pH nepe-
XOJly KOJbOPY XiHOHIMIiHIB 4 JIEKUTh B Mexax pH 6,1-7,8, ToMmy BoHM HalOiIbII Mij-
XOJSITh JUISl TUTPYBAHHS CHJIBHUX KHCIIOT CUJIBHUMH OCHOBaMH 1 HABIIAKH.

B 06’emHOMY MeTOAi aHai3y METOAOM HEHWTpamizallii 4yacTo AOBOAUTHCS THTPY-
BaTy cia0Ki KHCIOTH CUIBHUMH OCHOBAMH, IIO MOTpeOye BUKOPUCTAHHS KHUCJIOTHO-
OCHOBHHX IHAMKATOPIB, SIKi 3MIHIOIOTh KOJIip B JY’KHOMY CEpefoBHILi, ToOTO Tpu pH,
3HA4YHO BUILHKX 3a 7.

MerToro 1aHOi pOOOTH € TONIYK HOBUX KHUCIOTHO-OCHOBHHUX 1HJMKATOPIB, SIKi 3Mi-
HIOIOTH KOJIip B JIy>)KHOMY CEpeIOBHINI 1 MalOTh By3bKHi iHTepBasn pH mepexomy ko-
asopy. [Ipu 30poBoMy BU3HaUeHHI iHTepBaly pH mepexony Kompopy iCHye 3HaYHa I10-
xuOka. /{7 yCyHeHHs 1IbOro HeNoJiKy BH3HAYeHHs iHTepBay pH mepexomy Kombopy
3aIPOIIOHOBAHO PEECTPYBATH CMapT(HOHOM 3 HACTYITHOIO 0OPOOKOIO OTPUMAHUX JaHUX
KOMII'IOTEPHUM ITPOTPaMHUM 3a0€311CUCHHSIM.

MATEPIAJIU I METOJAHN JOCJIIKEHHS

N-Apuicyiabdonin-2-apuiamino-1,4-6enzoxinonivinu  5a-5h ta N-To3mj-2-
apuiaamino-1,4-nadroxinoniminm 6a, 6b cuHTe3oBaHo 3a Mertonukor [9],
2,5-nioen3zamino-1,4-6en3oxinon 7 — 3a metoaukoro [10]. XapakrepucTuku CHHTE30-
BaHMX CIOJYK BIIMOBIIAIOTH JiTEpaTypHuM AaHuM: Sa, 5d, 5f, Sh [9], 5b, 5c, Se, 5g,
6a, 6b [11], 7 [10]. IY cnexTpu CHHTE30BaHMUX CIIOJIYK 3allUCYBajil Ha CHEKTPOMETpi
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UR-20 B Tabnerkax KBr. AHami3 4ucTOTH JOCITIDKYBAaHUX CITOJYK IMPOBOIMIN METO-
noM THIX wa mmacturax Silufol UV-254. B sKoCTi pO3YMHHHKA BUKOPHUCTOBYBAJIH XJIO-
podopMm, eITFEHT — cHcTeMa PO3YMHHUKIB OeH3eH-rekcaH, 10:1. [Iposs YD-cBiTiom.

Jlist BU3HAueHHs iHTepBany pH nepexomy Koiabopy iHIUKATOPIB, B SKOCTI SIKUX JIO-
CJIIJKYBAIIU XiHOHIMIHH 5a—5h, 6a, 6b i XiHOH 7, HEOOXiHO OJJHOYACHO 3 BUMIpPIOBaH-
HsiM pH KOHTpOITROBaTH 3MiHY KOJIbOPY. JIJisl BUPIIIEHHS OO 3aBIaHHs OyJia BUTOTOB-
JIeHa BUMIpIOBaJIbHA KOoMipKa (puc. 1).

1 — BimmineHHs Uit cMapToHa;

N 2 — MaToBHii CBITIODINBTD;

RRLRRRRRRE 1 D DN NS 3 — KroBeTHaA Kamepa; 4 —

. CBITIIOIOHA JIaMIIa; 5 — BIKHO IS

00’€KTHBa BifleOKaMepH cMapTQOHa;
6 — poTomMeTpHUHa KIOBETA.

Puc. 1. Komipka [u1st oJHOYacCHOTO
BuMiproBaHHs pH 1 KoIbOpy po3unHYy

Fig. 1. Cell for simultaneous
measurement of pH and color
of solution

Martepian KOMIpKH — OPI'CKJIO, BHYTPIllIHI CTOPOHM KIOBETHOI KamepH 1 ii Kpwi-
kv (Ha puc. 1 He TOKa3aHa) BKPUTI YOPHOW (apOoro. Y BIIIUICHHI UIsi cMapToHa
1 B KIOBETHilf KaMepi BCTAHOBJIEHI IJIOCKI MPUTHCKHI MPY>KUHU (Ha puc. | He mokas3aHi)
JUTs 3a0e3MeUeHHs BIATBOPEHHSI Pe3ybTarTiB. B SIKOCTI JKepena CBiTiIa BHKOPUCTOBY-
BaJIU CBITJIOAIOHY JIAMITY JiaMETPOM 5 MM 3 HACTYITHUMH XapaKTEPUCTHKaMU: poboua
Hanpyra 3,0-3,2 B, HominaneHuit ctpym 20 MA, komipHa Temmneparypa 10000-12000
K, cuna csitna 13000-15000 mKn, npo3zopuii Tun JiH3M, KyT cBiTiHHA 35 rpaa. s
0CJIa0JICHHS] BUTIPOMIHIOBAHHS CBITJIOIIOHOT JIAMITH B KOMIPKY BCTAHOBJICHO MaTOBUH
cBITIOMIABTP 2 (AUB. puUC. 1), TaK K SICKPABICTh CBITIAOAI0THOT JIAMITN «3aCIIIILTIOBATIa»
BiJieoKamMepy cMapTdoHa.

YcraHOBKA B IIJIOMY IIPEACTaBICHA Ha puc. 2.

BuwmiproBanus pH npoBoaunn koMOiHOBaHMM CKISIHUM enektpogoM ADI131 na
pH-metpi AD1000 (PymyHist) 3 peecTpaliieto HOTo Mmoka3aHb 3 4acTOTO 1 BEMIp B ce-
KyHIy Ha HOyTOymi Acer P2WEG6 Aspire 5253 (mponecop AMD E-450 APU) 3 Bukopuc-
TaHHSAM MPOTPAMHOTO 3a0e3MeueHHs, 0 MocTadaeThest 3 pH-MeTpoM. 3MiHy KOJIBOPY
pPO3YMHY pEECTpyBaIM 3a TOTIOMOror cMapTgona Samsung Galaxy J6+ B daiinu pop-
Maty *.mp3.

3anucanuii Ha cMapThoHi Bigeodaiia KomioBalIyu Ha KOMIT IOTEP 1 00poOsiiu mpo-
rpamoto Free Video to JPG Convertor v. 5.0.92 build 608, sika nepeTBoproe Bijeodaiin
B MTOCJIIIOBHUH psifi 300paxeHb y popmari *.jpg 3 yactororo | kaap B cekyHmy. Jami i
(haiinm mocnioBHO 0O0poOsucs nisi oTpuMaHHs uudposux 3HadeHb RGB (Bix 0 mo
255), 3 sxkux B iporpami Excel 2010 Oynu moOy10BaHi iX 3aJIeKHOCTI BiJl 4acy.
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1 — MarHiTHa Milnanka; 2 — BiUIiIeHHs 1S
cmaprdona; 3 — cmapTdoH; 4 — CKISIHUN eTeKTPOJ;
5 — mocynuna MapioTTta; 6 — perymnodnil KpaH;
7 — 3anipHuil KpaH; 8 — KansIp; 9 — Kpuika
KIOBETHOTO Bijgiiennst; 10 — KIOBETHE BiIiIEHHSI.

)

Puc. 2. YcTaHoBKa 1151 OTHOYACHOTO
BuMiproBaHHA pH 1 KOJIBOPY pO3UnHY

Fig. 2. Installation for simultaneous
measurement of pH and color of solution

1/

RGB (abpeBiarypa anrmiiicekux cimiB red, green, blue — 4epBOHUIA, 3eTICHUHN, CH-
Hill) — aqUTHBHA KOJIHOPOBA MOJEINb, III0 OMHCYE CIIOCIO KOTYBAaHHS KOJIBOPY U Bij-
TBOPEHHS KOJILOPY 3a JIOIIOMOTOO0 TPHOX KOJIbOPIB, SIKi MPUHHATO HA3WBATH OCHOBHU-
MHU. Bubip 0CHOBHHX KOJIBOPIB OOYMOBICHUH 0COONMMBOCTAMH (Di3i0yI0Tii CIIpUHHATTS
KOJbOPY CITKiBKOIO OKa. RGB-Momenb € amuTHBHOIO, Nie KOJBOPH OTPUMYIOTHCS 32
PaxyHOK JOJaBaHHS 0 YOpHOTo Kombopy. [Ipu BincyTHOCTI BUITpOMiHIOBaHHS (HEMae
HISIKOTO KOJIbOPY) BHXOJUTh YOPHHM, 3MIIIAHHS BCIX TPHOX MapaMeTpiB B MEBHIiH MPo-
nopItii jae 61K, Y KOMIT FoTepax Jijisl TPECTaBICHHS KOHKPETHOTO KOJIbOPY 3HAaYCHHS
KO)KHOTO 3 TIapaMeTpPiB MO3HAYAIOTHCS JJIs 3pYyYHOCTI HitmMu yuciaaMu Big 0 mo 255
BKJITOUHO, Ae 0 — MiHIMaNIbHA, a 255 — MakcHMajIbHA IHTEHCUBHICTD.

PozunHM fgociiKyBaHUX XiHOHIMIHIB Sa—5h, 6a, 6b 1 XiHOHY 7 rOTyBajIM PO3UH-
HerasaM 0,001 T inaukaropy B 1 it aumetuncynasdokcuny (AMCO), monepenHso o4n-
IIEHOTO 32 METOAMKOMO [12].

BuMiproBaHHS BUKOHYBAJIM HACTYITHUM YMHOM: 10 7 MJI IUCTHILOBAHOI BOJH B (O-
TOMETPHUYHIA KIOBETI JONABAIM PO3YMH IOCIIKyBaHOTO iHmukaropa y JMCO Ta-
KUM YUHOM, 1100 YHUKHYTH ii IEPEIIOBHEHHS B XOZ1 €KCIICPHUMEHTY 1 3 ypaxyBaHHSIM
00’eMy 3aHYpIOBaHOI B HEl YaCTUHU CKIITHOTO elekTpona. KroBeTy moMilianu B KO-
BETHE BIJIIJICHHS BUMIPIOBAIBHOT KOMIPKH, BCTABIISUIH Yepe3 KPUIIKY KIOBETHOTO BiJI-
IUICHHS CKIISTHUH €JIEKTPOJ 1 Kanumsip Bifg mocynuHu MapiorTa. Ilicis BcTaHOBICHHS
nocTiiHOTO 3HaYeHHA pH mpu mocTiftHOMyY nepeMilryBaHHI JOCTIHKYBAaHOTO PO3UNHY
OJTHOYACHO BKIIOYAIIM peectpartiito pH 1 3anmuc Bijeodaiiny 1 BiAKpUBAIA PEryibOBa-
Hu#i motik 0,1 M pozunny NaOH 3 mocyauau Mapiotta. [liciist 3MiHN KOTbOPY €KpaHy
cMapTdoHa OTHOYACHO BUMHKAIM peecTpamiro pH, 3amuc Bigeodaitny 1 MpUIHHIINA
10/1auy PO34HHY.
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PE3VJIBTATHU JOCJIJKEHHS TA iX AHAJI3

B sKOCTI KHCIIOTHO-OCHOBHHUX I1HJIMKAaTOPIB 3alpPOIIOHOBAHO BUKOPUCTOBYBA-
i N-apuncynbhoHin-2-apunamino-1,4-6en3oxinoniMinn - Sa-Sh, N-to3un-2-apui-
amino-1,4-nadroxiHoHiMiHU 6a, 6b 1 2,5-muben3amino-1,4-0enzoxinon 7 (cxema 2).
Ciig 3a3HaYnTH, 10 OCH30XIHOHIMIHM S5a-5h SBISAIOTHCS aHAIOraMH XiHOHIMIHIB 1,
B skux rpyny ArSO,NH B monoxkenni 2 XiHOinHOTO siapa 3amineHo Ha rpymy ArC(O)
NH.

R,
H
Rlﬁo 0 o Ph._ _N 0 o
O \"/
ArSO,. .~ Jj\
N N Ts / 0 I;/[
H)J\O\ N EJI\Y 0] g Ph
Sa-h X 6a, b 7

5: Ar=Ts, X=Me, R'=H, R>=Me (a), Ar=4-CIC H,, X=CI, R'=H, R*=Me (b), Ar=Ts, X=R'=H, R*=Me

(¢), Ar=Ts, X=Me, R'=H, R>=Cl (d), Ar=Ts, X=R?=H, R'=Me (e), Ar=Ts, X=R'=Me, R*=H (),
Ar=Ts, X=Cl, R'=Me, R*=H (g), Ar=Ts, X=R'=R*=Me (h); 6: Y=4-MeC H, (a), NH, (b).

Cxema 2

Schema 2

Pesynpratu omHOYacHOTO BUMIiproBaHHs pH 1 KOMboOpy 11 KOXKHOT crioyku 5a-5h,
6a, 6b, 7, sKi 3aPOMOHOBAHO BUKOPHUCTOBYBATH B SIKOCTI 1HAUKATOPIB, Oy OOy 0Ba-
HIi y BUIJISAI 3QJIKHOCTI IHTEHCUBHOCTI KOYKHOTO KaHaTy KoibopoBoi Mozesi RGB Bin
yacy 1 3aJeKHOCTI 3HaYeHHs pH Bif yacy. 3aneXHICTh KOMIPHUX XapakTepucTHK 1 pH
pO34MHY XiHOHIMIHY 6b BiJ yacy T HaBe/eHa Ha puc. 3.

Pesynpratn Bu3HaueHHs iHTepBady pH mepexomy Kombopy i Komsopu 000X (opm
X1HOHIMiHIB 5a—5h 1 6a, b i XiHOHY 7 HaBe/icHI B TaOJHIII.

Taomuus
InpukaTopHi BjaacTuBocTi XiHoHiMiHiB Sa-5h, 6a, 6b i xinony 7
Table
Indicator properties of quinoneimines 5a-5h, 6a, 6b and quinone 7
Homep IntepBan pH nepexona | Benmuuna intepsany pH Kouopu 060x dopm
CIIOJTYKH KOJIbOPY nepexosia KoJIbopy
Sa 10,54-11,02 0,48 JKOBTHH — JIIOBUI
5b 10,67-10,86 0,19 JKOBTHH — POKEBUI
5c 10,06-10,17 0,11 KOBTHUH — POXKEBUI
5d 8,82-8,92 0,10 JKOBTHI — JILJIOBUI
Se 10,60-10,88 0,28 MoMapaH4YeBHIA — JTIJIOBUET
5f 10,53-11,00 0,47 JKOBTHH — POXKEBHUIT
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Homep Intepsan pH nepexona | Bennuuna inTepsaay pH Koabopu 060X opm
CIOJIYKH KOJILOPY nmepexoaa KoJabopy
5S¢ 11,22-11,35 0,13 JKOBTHH — JIITOBUI
5h 10,68-10,79 0,11 JKOBTHH — Oy3KOBHI
6a 10,36-10,50 0,14 JKOBTHM — CHHII
6b 11,05-11,21 0,16 SKOBTHI — JIIOBUI
7 10,24-10,85 0,61 JKOBTHUH — pOXKEBUI
RGB pH
112
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Puc. 3. 3anexuicts konipHuX Xapakrepuctuk RGB i pH po3unny xiHoHiMiHY 6b Bix dacy t

Fig. 3. Dependence of RGB color characteristics and pH of solution of quinoneimine 6b on time t

SckpaBwuii komip XiHOHIMIHIB 1—4, 3aITpONOHOBaHUX B poOoTax [6—8] B AKOCTI 1HIU-
KaTOpiB, MOSICHIOBABCSI yTBOPEHHSIM ME30MEPHHUX 10HIB B JIy’)KHOMY CEpEIOBHIII (CXe-

Ma 3).
XiHOHIMIHM 5, 3alPONIOHOBaHI B SIKOCTI 1HIMKATOPIB B JaHild poOOTi, ABISIOTHCS

aHaJoraMu XiHoHiMiHiB 1, a XiHOHIMIHM 6 — aHanoramu xiHoHIMiHiB 4. Tomy crig odi-
KyBaTH, IO SICKPaBi KOJIBOPH PO3YHHIB IUX CIIOIYK B JIY)KHOMY CEPEIOBHUIIE TAKOK

00yMOBJICHI YTBOPEHHS BiAMOBITHUX ME30MEPHUX 10HIB (cxeMa 4).
Hnst 2,5-nubenzoinamino-1,4-6eH30XiHOHY 7, SKUI MOXHA PO3DISLIATH SIK aHAJIOT

XIHOHIMIHY 3, SICKpaBUil KOJIp B JTy>KHOMY CEPEIOBHIILY TOSICHIOETHCSI yTBOPCHHSIM ME-

30MEpHOTOo JiaHioHy (cxeMma 5).
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Bci crionyku, 3anponoHOBaHi B SIKOCTI 1HIUKATOPIB, MalOTh JYXKE By3bKi IHTEpBaIH
pH nepexosy xoibopy, HanpuKIIa, 1uist XiHoHiMiHa Sd BiH ckiagae Beworo 0,10. 3miHa
KOJILOPY 3aIllpOIIOHOBaHUX 1HIUKaTopiB Sa—Sh, 6a, 6b, 7 3HaxonauThcs B Mexax pH Bin
8,82 mo 11,35, ToOTO X MOKHa BUKOPHCTOBYBATH JIJISl TUTPYBAHHS CIIA0KUX KHUCIOT
Jyramu 1 HaBIakd. SICKpaBi, IHTCHCHBHI KOJIbOPH PO3YMHIB 000X (OpM IHIAMKATOPIB
3HAYHO MOJICTIIYIOTH 30pPOBE CHPUIHATTS €KBIBaJICHTHOI TOUKH MPH 3BUYAWHOMY TH-
TpyBaHHI 0€3 BUKOPHCTaHHS CMapT(OHY.

Tpeba 3a3HaunTH, 1110 Ha iHTEepBaM pH mepexomy KoJibopy Make HE BIUITMBAIOTH
pHUpoJIa XiHOHIMIHY (OCH30XIHOHIMIH 5 a00 HadTOXiHOHIMIH 6), IPUPOIA 3aMiCHHKA
B 1apa-TIOJIOKEHHI apuIICYIb(QOHITBHOTO (hparMeHTy cnoiyk 5a-5h (Me a6o Cl), npu-
poJia 3aMiCHHKIB B TIOJIOXKEHHSX 2 Ta/abo 3 XiHOiaHOTO siapa cionyk Sa-Sh (H, Cl, Me),
MIPHUPOJIa 3aMICHHUKIB B napa-ToOJIOKEeHHI apuiaMiHOTo (parMeHTy criosyk Sa-5h (H,
Cl, Me), npupoja 3amicHuKa Outst kapOonimeHOTO aromy Kapbony rpynu —NHCOY
cronyk 6a, 6b (Y=4-MeC H, abo NH,).

BUCHOBKH

3amponoHOBAaHO HOBI KHCIOTHO-OCHOBHI 1HAWKaTtopu — N-apuicyib(oHin-2-
apoinamino-1,4-6en30(HadT0)XiHOHMOHOIMIHH 1 2,5-arOeH3011aMifo- 1,4-06H30X1HOH,
110 MAalOTh Ty’Ke By3bkuii iHTepBan pH nepexony xomsopy Bix 0,10 no 0,61 B inTepBati
pH Bix 8,82 o 11,35 1 siki MOXKyTh OyTH BUKOPHCTAHI IPU TUTPYBaHHI CIA0KUX KUCIOT
JIyram¥ 1 HaBIAaKH METOAOM HeWTpamizamii. B 3B’s3ky 3 THM, 110 30pOBE BH3HAYCH-
Hs1 iHTepBasty pH nepexomy Kolbopy Aae 3HaYHY MOXHMOKY, 3aIIPOIIOHOBAHO BU3HAUATU
3MiHY KOJIbOPY 3a JOMOMOTOI CMapT(OHa 3 MOAAIBIIOK 00POOKOIO pe3yNbTaTiB IIH-
POKOBXHMBAHUM KOMIT IOTEPHUM MPOTPaMHUM 3a0e3neueHHIM. PO3po0IeHO yCTaHOBKY
1 METOIMKY 3py4YHOT0 i BACOKOTOYHOTO BH3HAueHHs iHTepBany pH mepexoma Kombopy
KHCIIOTHO-OCHOBHHX 1HJUKATOPIB.
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HOBBIE KUCJIOTHO-OCHOBHBIE UH/IUKATOPBI:
NCCIEJOBAHUE HA CMAPT®OHE

[peioxkeHbl HOBBIE KHCIOTHO-OCHOBHBIE HHAMKATOPHl — N-apuiicyinb(OHHI-2-apori-
amu1o- 1,4-6eH30(Had)TO)XHHOHMOHOMMUHBI U 2,5 aubeH3omaaMuio-1,4-0eH30XHHOH, KOTO-
pBle MMEIOT OueHb y3KHMi MHTepBai nepexona nsera (ot 0,10 mo 0,61 equnun pH) u «pado-
TatoT» B nHTEepBaje pH ot 8,82 mo 11,35. PacTBOpB! JaHHBIX COSTMHEHUI B IEIIOYHON cpenie
HMEIOT SIPKHE, MHTEHCHUBHBIC 1BETa, YTO OOYCJIOBICHO 00pa30BaHHEM ME30MEPHBIX HOHOB.
DTO MO3BOJIIET MCHONB30BATH MPEIOKCHHBIC HHAUKATOPEI B TUTPOBAHUH CIA0BIX KHCIOT
CHWJILHBIMH OCHOBAHUSIMH U HAa00OPOT METOJIOM HeifTpamusanmu. Paspabotana ycTaHOBKa
¥ METOJMKA YAIOOHOTO M BBICOKOTOYHOTO OJHOBPEMEHHOTO omnpeaeneHus pH cpensr u nBeta
KHCJIOTHO-OCHOBHBIX HHIMKATOPOB C MOMOIIIBI0 cMapTdOHa ¢ MOCIeayolei 00paboTKoit pe-
3yJBTaTOB KOMITBIOTEPHBIM ITPOTPAMMHBIM 00€CIICUCHHEM, YTO ITO3BOJISIECT TOYHO OIPEICIIUTh
N3MEHEHUsI [IBETOBBIX XapaKTePUCTHK MK M3MeHeHNnH pH cpeibl 1 HOCTpOuTh rpaduieckue
3aBUCUMOCTH 11BeTa oT pH.

KioueBbie cioBa: 1,4-0¢H30XMHOH, KUCIOTHO-OCHOBHOI MHIUKATOP, KHCIOTHO-OCHOBHOE
TUTPOBaHHUE, CMAPTQOH.

A.P. Avdeenko!, Yu. P. Holmovoj!, S.A. Konovaloval, I. Yu. Yakymenko?

" Donbas State Engineering Academy, Akademichna str., 72, Kramatorsk-13, 84313,
Ukraine; chimist@dgma.donetsk.ua

2 Ukrainian State University of Chemical Technology, Gagarin ave., 8, Dnipro, 49005,
Ukraine

NEW ACID-BASIC INDICATORS:
RESEARCH USING A SMARTPHONE

Modern cameras, desktop scanners, smartphones allow not only registering an image,
but also determining its color characteristics. That allows us to quickly, objectively and
automatically determine the color characteristics of colored samples in acid-base titration,
because there is a significant error at visually determining the pH range of the color transition.
In analytical chemistry the characteristics of acid-base indicators are very important, in
particular their pH transition interval. But the disadvantage of most indicators is the wide
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range of color transition: from 1 to 3 pH units. The aim of this work is to find new acid-base
indicators that change color in an alkaline environment and have a narrow pH range of the
color transition. We have developed the apparatus and technique of convenient and high-
precision simultaneous determination of the pH of the medium and the color of the acid-
base indicators. In acid-base titration the PH measurements were performed with a combined
glass electrode AD1131 by pH-meter AD1000. The color transition was determined with
help of a smartphone with the subsequent processing of the results by computer software.
The color characteristics were measured for each channel of the RGB model in the range
from 0 to 255. Our apparatus is small and mobile, and allows us simultaneously to measure
the pH of the medium and accurately to determine the color characteristics. As a result, we
can construct graphical dependencies of color on pH for each channel of the RGB model.
We found the N-arylsulfonyl-2-aroylamido-1,4-benzo(naphto)quinone monoimines and
2,5-dibenzoylamido-1,4-benzoquinone are good acid-base indicators. They “work™ in the
pH range from 8.82 to 11.35 and have a very narrow color transition interval from 0.10 to
0.61. Solutions of these compounds in an alkaline medium have bright intense colors due to
formation of mesomeric ions. That allows using of these indicators in the titration of weak
acids with strong bases and vice versa by the method of neutralization.

Key words: quinone imine, 1,4-benzoquinone, acid-base indicator, acid-base titration,
smartphone.
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IHOOPMAIIA NJIA ABTOPIB

1. MPO®LJIb )KYPHAJY

1.1. «Bicauk OnecbKkoro HaliOHAIBHOTO YHIBEpCUTETY. XiMis» 3MIHCHIOE TaKi THIN ITyOTi-
Kallin:

1) HaykoBi crarTi,

2) KOPOTKi TTOBITOMJICHHS,

3) marepianu KoH(epeHIi,

4) 6i6miorpadii,

5) peuensii,

6) marepiaiu 3 icTopii HayKH.

1.2. YV neBHOMY KOHKPETHOMY BHITYCKY OJIMH aBTOP MA€ IIPABO HAJIPYKyBaTH TLIBKY OHY CaMO-
CTilHYy cTaTTIO.

1.3. MoBu BuAaHHs — yKpaiHChKa, pOCiliChbKa, aHIJTIChKA.

1.4. Jlo penakmii «BicHuKa ...» MONAETHCS:

1. TekcT cTarTi 3 aHOTAMI€I0 — 2 PO3APYKOBAHNX MPUMIPHHUKH (PUCYHKH Ta MIAMUCH 0 HHX,
TaOJHII PO3MINTYBATH MO TEKCTY ITiCIsI IEPIIOTO TOCHIIAHHS Ha HUX);

2. Pe3rome — 2 npuMipHUKH;

3. Kononruryu;

4. Pexomennartist kadenpu abo HAyKOBOI YCTaHOBH JIO IPYKY;

5. BimomocTi mpo aBTOpIB;

6. BinpenaroBaHuii 1 y3ropkeHUH 3 PEIKOJIETIEI0 TEKCT CTATTi, 3alIMCaHUH Ha IUCKY y PEIaKTO-
pi Word (xerts 14; Bincrani Mixk psakamu 1,5 iHTepBaiy; MMoJist CTOPIHOK: JIiBe, BEPXHE Ta HIKHE —
He MeH 20 Mm, pase — 10 Mm).

2. MIAT'OTOBKA CTATTI - OBOB’SI3KOBI CKJIA1OBI

OpwriHaibpHa CTaTTs Ma€ BKIIOYATH:

2.1. Berym.

2.2. Marepianu i METOIH JOCIKEHHS.

2.3. Pe3ynbraTy JOCIiKEHHS.

2.4. AHani3 pe3yibTaTiB JOCTHKEHHS (MOYKITUBE ITOETHAHHS TPETHOTO 1 YETBEPTOTO PO3JILTIB).
2.5. BucHoBkH (y pa3i HEOOXiTHOCTI).

2.6. AHoTamist (MOBOIO CTaTTi) Ta pe3ioMe (IBOMa iHITMMHA MOBaMH).

2.7. KirouoBi ciioBa (70 11 SITH).

2.8. KomonTtuTyi.

3. O®OPMUIEHHS PYKOIIUCY. OBCAI. MOCIITOBHICTh PO3TAIIIYBAHHSA
OBOB’S3KOBHUX CKJIAJOBUX CTATTI

3.1. I'pannunmii obcsr crarti — 12 cTopiHOK, 6 pUCyHKIB, 4 Tabmwi, 20 Kepen y CIUCKY JIiTe-
patypu; JHCTIB B pelakiito — 4 cTopiHKH; omisiAiB — 20 cTOPIHOK (OTISAOBI CTATTI 3aMOBIISTIOTHCS
PeAKOTIETIET0).

3.2. [TocninoBHICT NPYKyBaHHSI OKPEMHUX CKJIaJOBHX HAyKOBOI CTAaTTi Ma€e OyTH TaKOIO:

1. VIIK — 3miBa.

2. Imimianum Ta mpi3BuIe aBTOpiB (3rigHO 3 MacmopToM) — Hk4de Y/IK 3miBa.

3. Ha3Ba HaykoBOi yCTaHOBH (B TOMY YHCIIi BIAILTY, Kaeapu, 1e BAKOHAHO TOCIIPKEHHS).
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Inghopmayis ons asmopie

4. TloBHa momToBa aapeca (3a MbKHapoaHUM cTaHgaptoMm), E-mail (060B’s13k0BO), Tenedon
JUTSI CITIBITPALli 3 aBTOPaMHU Ha OKPEMOMY apKyIIIi.

5. Hasga crarti. BoHa moBHHHA TOYHO BiJOMBATH 3MiCT JIOCIIHKEHHS, OyTH KOPOTKOIO, MICTH-
TH KJIIOYOBI CJIOBA.

6. AHOTAaIIisI MOBOIO OpUTIHAIY APYKYETHCS IIePe]l [IOYATKOM CTATTi miciist iHTepBairy 20 MM Bij
JIBOTO MOJIA.

7. Ilix aHoTAlli€l0 APYKYIOTHCS KIFOUOB1 (OCHOBHI) ClIOBa (HE OiJIbIE 1T’ ITH, MOBOIO OPUTIHAITY
cTarTi).

8. TekcT cTarTi i CIIMCOK JIiTEepaTypy.

9. AHorauii ApyKyIOThCS Ha OKPEMHX apKylllax Marepy Ta BKIIOYAIOTh: Ha3By CTAaTTi, MPi3BH-
Ia Ta iHiliaJdx aBTOPIB, Ha3By Ta aJIpeCcy HAyKOBOI YCTaHOBH, e-mail, TEeKCT aHOTAIlil Ta K040~
Bi cioBa. KoxxHa myOrikariisi He aHIIIHCHKOI0 MOBOIO CYIIPOBOIKYETHCSI AHOTAIIIE€I0 AHITIHCHKOIO
MOBOIO 00csiroM He MeHII sk 1800 3HaKiB, BKIIIOYAIOYH KIIFOYOBI ciioBa. Koxk-Ha myOuikaiiisi He
YKpPaTHCHKOIO MOBOIO CYMPOBODKYETHCS aHOTAII€I0 YKPATHCHKOI0 MOBOIO 00CSIOM HE MEHII SIK
1800 3HaKiB, BKJIIOYalO4YU KJIFOUOBI CJIOBA.

3.3. pyruii ek3eMIuisip CTarTi HIOBUHEH OyTH IMiJIHCAaHUI aBTOPOM (200 aBTOpaMHu).

4.MOBHE O®OPMJIEHHS TEKCTY: TEPMIHOJIOI' 151, YMOBHI CKOPOUYEHH!I,

MOCHUJIAHHS, TABJNII, CXEMU, PUCYHKH

4.1. ABTOpH HEeCyTh IMOBHY BiIIOBiJAIbHICTH 32 O€3710raHHe MOBHE 0(DOPMIICHHS TEKCTY, 0CO-
ONUBO 3a MPABHIBHY YKPAaTHChKY HAyKOBY TepMiHOIOTIO (ii citif 3BipsaTH 32 (paxoBUMH TepMiHO-
JIOTIYHUMU CIIOBHUKAMH ).

4.2. SIKI1I0 4acTo MOBTOPIOBAHI Y TEKCTI CIIOBOCHONYYEHHSI aBTOP BBa)Ka€ 3a MOTPiOHE CKOPO-
TUTH, TaKi aOpeBiaTypu MPH MEPIIOMY BXHUBAHHI 00YMOBIIOIOTH Y JTy)KKaX.

4.3. TocunaxHs Ha JiTepaTypy MONAIOTHCS y TEKCTI CTATTi, 0O0B’SI3KOBO Y KBaJAPATHHUX TyXK-
Kax, apadcekumu nudppamu. Ludpa B qyxkax nmo3Hayae Homep myOsikallii y CrucKy JiTeparypu.

4.4. lludpposuii marepiai, MO MOXKIUBOCTI, CJIiJl 3BOAUTH y TAOJUIIl 1 HE AyOINIOBaTH y TEKCTI.
Tabnuii moBHHHI OyTH KOMITAKTHUMU, MATH TIOPSIIKOBHI HOMEp; Tpadu, KOIOHKH MaroTh OyTH
TOYHO BU3HAYEHHUMH JIOTIYHO 1 rpadiuHoO.

4.5. PUCYHKH TOBHHHI OyTH MPEACTABIEHI B IBOX iICHTHYHUX €K3EMIUIIPaX, BUKOHAHUX Ha
KoMIT toTepi (Ha nucky — daiinu 3 po3mupenHsm tif, pex, jpg, bmp). [linmucu Ha HUX TOBHHHI Oy TH
KOPOTKHMH, 1X CJIJI M0 MOXKJIMBOCTI 3aMiHATH IHPpaMu 4u OyKBaMH, KOTPi PO3MIH(PPOBYIOTHCS B
MiJIHUcax 10 HUX; KPUBI HYMEpPYIOTbCsl apaOcbkumu udppaMu. OJHOTHITHI KPUBI MOBUHHI OyTH
BUKOHAHI B OJTHAKOBOMY MacIuTabi Ha OMHOMY PHCYHKY. PEKOMEHIY€ThCSI 3aCTOCOBYBATH JCKIJIbKa
MacIITaOHUX MIKaJ JUIst 00’ €THAHHS Pi3HUX KPUBUX B OJIMH PUCYHOK. 300pa)KeHHS Ha PUCYHKaxX
CTPYKTYPHHUX Ta JIpyrux Gpopmyn HebaxaHno. Bcei inmroctpartii moBuHHI OyTH IPOHYMEPOBaHi B T10-
CJIIIOBHOCTI, sIKa BIJIMOBIJIA€ 3rajyBaHHIO 1X y PYKOITUCi, Ta HOMEpaMH MPHUB’s3aHi 0 MiAPUCY-
HOYHHUX MIJIKCIB.

[Ipu 00’ eHAHHI IEKITHKOX PUCYHKIB U (poTorpadiii B ONMH PUCYHOK PEKOMEHIY€ETHCS TO3HA-
YaTH KOYKEH 3 HUX MPONUCHUMHU JiTepaMu 3Hu3y. Hanpukia:

Puc. [Tigmuc pucyHKy.
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4.6. Y posaim «Pe3ynbTati OCTIHKeHbY (SKIIO [ei po3/ia He MOEIHAHNHN 3 «AHaJI3aMH pe-
3yJbTaTiBY, AUB. 2.4.) HEOOXIIHO BUKJIACTH JIMIIE BUSABJICHI e(eKTH 0e3 KOMEHTapiB — BCi KOMEH-
Tapi Ta NOSICHEHHS MOAAI0ThCA B « AHai31 pesynbratiBy. [Ipu BUKIani pe3ysibTariB Cllifi yHUKaTH
ITOBTOPEHHSI 3MICTY TaOJMIb Ta PUCYHKIB, a 3BEpTAaTH yBary Ha HaiBakauBilll (akTH Ta NEBHI
3aKOHOMIPHOCTI, 110 3 HUX BUILTUBAIOTD.

4.7.Y posnini «AHaii3 pe3yabrariB» HeoOXiTHO IoKa3aTH MPUYMHHO-HACIIAKOBI 3B I3KH MK
BCTaHOBJICHUMHU e(heKTaMu, MOPIBHATH OTPUMaHy iH(GOPMAIIiI0 3 JTAaHUMH JITEPaTypH 1 HaroJI0CH-
TH Ha BUSIBJICHUX HOBHX JaHuX. [Ipy aHami3i cliijl mocuiiaTics Ha iIF0CTPaTUBHUI MaTepial CTaTTi.
AHati3 Mae 3aKiH9yBaTUCS BIAMOBIIIO HA MUTAHHSI, TOCTABJICHI Y BCTYIII.
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cst 3rigHo 3 TOCToM i MOBHHEH MICTUTH TUIBKH Ha3BH Mpallb, Ha SIKi MOCHIIAEThCS aBTop. Hazsu
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Ha caiiri http://'www.translit.ru/ Mo>xxHa 6€3KOIITOBHO CKOPUCTATHUCS IIPOTPAMOIO TpaHCIiTepa-
i1 pOCIHCHEKOTO TEKCTY B JIATHHUIO. [Iporpama myske mpocTa, ii JIeTKO BUKOPHUCTOBYBATH SIK JULS

TOTOBHX MOCHJIaHb, TaK 1 JJIsl TPAHCIITepallii pi3HUX YaCTHH ONUCAHb.

6. AHOTALISA. PE3IOME. KOJIOHTUTYJI. ABTOPCBKE PE3IOME.

6.1 AHoTamist (KOPOTKa CTUCIIA XapaKTEPUCTUKA 3MICTY Ipalli) IOAA€THCSI MOBOIO CTATTi, Mic-
TUTb He Olbie 50 MOBHO3HAYHUX CIIIB 1 epenye (OKpeMHUM a03alioM) OCHOBHOMY TEKCTY CTaTTi.

6.2 Pe3ioMe (KOPOTKHIT BUCHOBOK 3 OCHOBHHMH ITOJIOKCHHSIMU TTPaIli) MOJAAIOTHCS TBOMA MO-
BaMU (BHKIIIOYAIOYH MOBY CTATTi), KOXXHE MICTHTh He Ouibiie 50 MOBHO3HAYHUX CIIIB 1 IPYKY€ETHCS
Ha OKPEMOMY apKyIii.

6.3 KosoHTuTy1 (KOPOTKHit 00 CKOPOYECHNH UM BUO3MIHEHHH 3aroj0BOK CTATTI ISl IPYKY-
BaHHS 3BEPXy Ha KOXKHIW CTOPIHIII TEKCTY Mpalli) MOJAEThCS MOBOIO CTATTi Pa3oM i3 MPi3BHIIEM Ta
iHilliaJJaMU aBTOpa Ha OKPEMOMY apKyIIIi.

6.4 ABTopchbke pe3roMe (pedepaT) MOTAETHCS aHDIIMCHKOI0 MOBOIO OKpeMHUM QaiiiioM Ta
BKJIIOYA€: Ha3By CTaTTi, MpPI3BHINA Ta iHiLianM aBTOPIB, Ha3By Ta aJpecy HAyKOBOi yCTaHOBH,
e-mail, croBo «Pe3tome» abo «Summary», TeKCT pe3toMe Ta KITFOYOBI CIIOBA.

ABTOpCBKE pe3toMe € KOPOTKUM pe3foMe OibInoi 3a o0csiroM poOOTH, IO Mae HAyKOBHI Xa-
paxTep, MoXKe IMyOIiKyBaTHCsl CaMOCTIIHO, OT)ke Mae OyTH 3p0O3yMiIMM 0€3 3BEpHEHHS 0 caMoi
myOmikarii. 3 aBTOPCHKOTO Pe3OMe YMTa4 MOBUHEH BU3HAYHMTH, UM BAPTO 3BEPTATUCS JIO TIOBHOTO
TEKCTY CTaTTi ISl OTPUMAaHHS OUTBII JOKJIaAHOT iH(opMariii.

ABTOpCBKE pE3IOME J0 CTATTi € OCHOBHUM JDKEpeJIoM iH(pOpMalii y BITYM3HAHUX Ta 3apyOixk-
HUX iHQOpMAIiHHUX cHCTeMaX 1 6a3ax HaHHX, IO 1HAEKCYIOTh )KypHAL.

ABTOpPCBHKE pE3IOME PO3MILLYEThCS HA CalTi XKypHaJly AJsl 3arajbHOrO ONIAAY B Mepexi
IHTEpHeT Ta IHACKCYETHCS MEPEIKEBUMH TTOIIYKOBUMH CUCTEMaMHU.

ABTOPCBKE pe3foMe aHTITIHCHKOI0 MOBOIO BKITIOUAETHCS B aHIIIOMOBHHIA OJIOK iH(opMmartii mpo
CTAaTTIO, AKUI 3aBAaHTAXKYETHCS HA AaHITIOMOBHHUI BapiaHT CalTy )KypHaITy 1 TOTYEThCS 1151 3apyOixk-
HUX pedepaTuBHUX 0a3 JaHUX 1 AHATITUYHHUX CUCTEM (IHJICKCIB IUTYBaHHS).

ABTOpCBKE pe3foMe TIOBUHHE MICTHTH iCTOTHI (hakTh poOOTH, 1 HE MMOBHHHE NepeOiTbITyBaTH
a00 MICTUTH MaTepial, SIKWH BiJICYyTHIH B OCHOBHIM YacTUHI IMyOmiKaiii.

PexomeH1y€eThCst CTPYKTYpa aHOTAIli1, 110 MOBTOPIOE CTPYKTYPY CTATTI 1 BKIIIOYA€E BCTYII, METY
1 3aBJIaHHS, METO/H, PE3YyJIbTAaTH, BACHOBOK (BUCHOBKH).

OpHak mpeaMeT 1 TeMa JOCIIHKSHHST BKa3yIOThCSl B TOMY BHUITJIKY, SIKIIIO BOHH HE 3pO3yMili
3 3aroJIOBKY CTaTTi; METOX a00 METOHOJIOTiI0 IMPOBEACHHS POOOTH JOLLIFHO ONUCYBATH B TOMY
BUIAJIKY, SKIIO BOHHU BiAPI3HAIOTHCS HOBH3HOIO a00 MPEJCTaBIAIOTh IHTEPEC 3 TOYKH 30Dy JaHOI
pobotu.
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PesyneraT poOOTH MMOBHHHI ONMKCYBAaTHCh TOYHO i iH(opMaTuBHO. HaBonsAThCS OCHOBHI T€O-
PETHYHI Ta eKCIICPHIMEHTAIbHI Pe3ylIbTaTH, (aKTHIHI JaHi, BUSBICH] B3a€MO3B'SI3KHU 1 3aKOHOMIp-
Hocti. [Tpu 1poMy BifaeThcs niepeBara HOBUM pe3yibTaTaM i JaHUM JIOBFOCTPOKOBOTO 3HAYEHHS,
B)XJIMBUM BIJIKPUTTSAM, BUCHOBKaM, SIKi CIIPOCTOBYIOTH ICHYFOYI TEOpii, a TaKOXK JaHWM, 5IKi, Ha
JIyMKY aBTOpa, MAIOTh IIPAKTUYHE 3HAYCHHSL.

BucHOBKH MOXYTb CyNpOBOKYBAaTUCS PEKOMEHAALISMH, OL[IHKAMH, MPOMO3ULISMH, TilOTe-
3aMHM, OITMCAHUMU B CTATTI.

BigomocTi, 10 MicTATbCS B 3arojIOBKY CTaTTi, HE MOBHUHHI ITOBTOPIOBATHUCS B TEKCTI aBTOP-
cpKoro pestome. Crijl yHUKaTH 3aliBUX BCTYNHUX (pa3 (HAPHUKIIAJ, «aBTOP CTATTI PO3IVIANIAE...»).
IcTopuuHi KOBiAKH, SKIIO BOHH HE CTAHOBIIATH OCHOBHUI 3MICT JOKYMEHTA, OITHC PaHile Omyoii-
KOBaHMX POOIT 1 3arajibHOBIIOMI TTOJIOXKEHHS B aBTOPCHKOMY PE3IOME HEe HaBOISATHCS.

V TeKCTi aBTOPCHKOTO PE3IOME CIliJ| BKMBATH CUHTAKCUYHI KOHCTPYKIIii, BIACTUBI MOBI HayKo-
BUX 1 TEXHIYHHUX JOKYMEHTIB, YHHKATU CKJIQJHUX IPAMaTHYHUX KOHCTPYKIIH.

ABTOpCBKE Pe3tOMe MOBUHHE MICTUTH KJIFOYOBI CJI0BA 3 TEKCTY CTaTTi.

CKOpOYEHHS 1 YMOBHI IMO3HA4YCHHS, KPIM 3arajJbHOBKUBAHUX, 3aCTOCOBYIOTh Y BUHSTKOBHX
BUMaKax abo JalTh iX po3mK(POBKY Ta BU3HAYCHHS MPH IEPIIOMY BKHBAHHI B aBTOPCHKOMY
pesiome.

TekcT aBTOPCHKOTO pe3toMe MOBHHEH OyTH 3B'S3aHUM 3 BUKOPHCTAHHAM CIIB «OTXKE», «O1IbII
TOTO», «HANPHUKIIAM», «B pe3ynabrati » i T.1. («Consequently», «moreover», «for example», «the
benefits of this study», «as a resulty etc.), po3pi3HeHi MOJOKEHHS MOBUHHI JIOTIYHO BUILTUBATH
omuH 3 iHmoro. HeoOXiHO BUKOPHCTOBYBATH aKTHBHUM, a HEe MacuBHUI 3aior, T00T0 «The study
tested», ane He «It was tested in this study» (dyacta moMuika pociiCbKUX aHOTAILiH ).

TeKkcT aBTOPCHKOTO PEe3IOMe NTOBHHEH OyTH JIAKOHIYHUM 1 YiTKHM, BUIBHUM BiJ APYTOpsiAHOT
iH(popMallii, 3aiBUX BCTYIHUX CIIiB, 3arajibHAX 1 HE3HAUYIIHUX (DOPMYITIOBAHb.

B aBTOpCchKOMY pe3tomMe He poOIIsAThCS MOCWIAHHA Ha HOMep IyOuikamii B CIIMCKY JliTeparypu
JIO CTATTI.

OOcsr TEeKCTy aBTOPCHKOTO pe3lOME BU3HAYAETHCS 3MICTOM ITyOmikarii (oOcsiroM BimoMoc-
Tel, 1X HayKOBOIO IIHHICTIO Ta/a00 MPAaKTUYHUM 3HAYCHHSIM), alie He MoBHHEH Oyt Mmeniie 100-
250 cuiB (1 pocificbKOMOBHHUX ITyOIiKamiii peKOMEHIYEThCS OLTBIIUI 00'€M).
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