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CTPYKTYPHUI ACHEKT AHTUIIIPEHOBOI JIIi CIIOJIVYK KYIIPYMY
HA T'OPIHHS HITPOI'EHOBMICHHUX BYI'JIEBOJHIB
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MeTonoM peHTIeHOCTPYKTYPHOTO Ta KBAHTOBO-XIMIYHOTO aHAJi3y BUBUYEHO CTepeocHeidiky
3B’S13yBaHHSl HITPOI€HOBMICHHX BYIJIEBOJHIB B i0HHO-MoseKyisipHi komiuiekcn CuCl i CuCl,.
Po3risiHyTO BIUTMB XiMiUHOI B3aeMoJil (KOMILIEKCOYTBOPEHHS) Ta THIy KOOPIMHALIHUX 3B’S3KiB
Cu()«<-N, Cu(I)<-N i H'«-N Ha 3HIKECHHS TOPIOYOCTi IIONAPHMX BYIJICBOJHIB. BHKOHAHO
MOPIBHSUIBHUN aHajli3 eHeprii KOOpAWHALIMHUX 3B’SI3KiB Ta iXHiil BIUIMB Ha 3MiHYy AeskuX (izuko-
XIMIYHHUX [TApaMETPiB HITPOTCHOBMICHUX BYTJICBOAHIB.

Kniouoei cnosa: ionHo-monekymsipHi komrmuieked CuCl i CuCl,, xpucTamiuHa CTPyKTYypa,
CHHTE3, TOPIOYICTh HITPOr€HOBMICHHX BYTJICBOJIHIB.

Couni KynpyMy, 30KpeMa TaJIOTeHIIN, BXXE TaBHO BUKOPUCTOBYIOTh SIK KaTali3aTOPH
0araThbOX TEPETBOPECHb oOpraHiyHux pedoBuH [1-3]. OkpiM KatamiTW4HOI [ii, coJi
kynpymy(l) Ta xynpymy(Il) 3maTHi TakoXk epEeKTHBHO 3HIKYBATH I'OPIOYICTh OpPraHidyHHX
aMiHIB, YTPYAHIOIOUN TXHE 3aliMaHHs, 10 OKPECIIOE IINUPOKY MEPCIIEKTUBY BUKOPUCTAHHS
TaKAX COJIEH AJIi CTBOPEHHS aHTHITIPCHOBUX KOMITO3MIIMHUX MatepiaiiB. BupimarsHum
YMHHAKOM aHTHUIIPEHOBOI i CIIONYK KyIpyMy Ha TOPiHHS HITPOTEHOBMICHHX BYTJIEBOJIHIB
€ XiMiuyHa B3aeMOJisi (KOMIUIEKCOyTBOpeHHs) [4] aroMmiB d-meranmy 3 aromamu N, sKa
CYIPOBOXKYETHCS YTBOPCHHSM HETOPIOYMX KYHPOXJIOPHIHUX KOMIUIEKCIB 3 OpraHiYHUMHU
aminamu [5].

[MornubneHOMy PO3YMIHHIO TPOLECIB, IO CYMPOBOMKYIOTh YTPYAHEHHS 3aiiMaHHS
OpraHiYHIX aMiHIB 1 HITPWIIB I JI€I0 CONEH KyNpyMy, CIIpHUs€E aHaJi3 XIMIYHOTO CKIIamy Ta
KPUCTAYHOT OyIOBM YTBOPEHHX KOOPJAMHALIMHUX CIIONYK Y CHCTEMax IOBITpsS—aMiH—
CuCl(CuCl,). Inakme kaxy4u, CTepeoXiMiYHHI aclIeKT aHTUIIIPEHOBOI Jii conel KynpyMmy Ha
TOpIHHA HITPOT€HOBMICHHMX BYIVIEBOJIHIB Tpeda po3DVIsAiaTd sIK  YTBOPEHHS IOHHO-
MOJIEKYJIIPHUX KOMIUIEKCIB, Y SIKUX KOOpAMHalis aroma HitporeHy BinOyBaeThcsi Ha atomi
Cu(l) yn Cu(ll) 3a o-tumom. [l IHOrO i3 pPEAKIIHHUX CHUCTEM BHIUICHO KPHCTATIYHI
komuieken kympymy(I) 1 kympymy(Il) 3 2-aminomipuaudom (2-amp — NCsH4NH,),
ninepasuaoM (pip — HNC4HgNH), mopdomninom (morf — OC4HgNH) 1 MoHOETaHOIaMiHOM
(mea — HOC,H4;NH,) Ta BuBYEHO IiXHIO KpHUCTaiuyHy CTpyKTypy. Crexiomerpis Ta
peHTreHorpagiuHi XapakTepUCTUKH OTPUMaHMX KOMIUIEKCIB HaeleHi B Tabim. 1. Jlmst mmx
CIIONYK, a TaKOXK i cronyk [Cu(2-amp),Cl,], [Cu(an),Cl,], (anH);[Cu4Cl;] [6] (an — anHiniH
(C¢H5NH,)) i [Cu(etda),(H,O)CI|CI [7] (etda — erunenniamin (H,NC,H4NH,)) Buxonano
KBaHTOBO-XIMIYHHMH 1 TEPMOXIMIUHMI aHAJII3 €HEPreTHYHOI IIOBEIIHKH OB’ SI3aHUX Y KOMILIEKC
MOJIEKYJ aMiHy Ta eKCIICPUMEHTAIILHO BHMIPSIHO Taki (Di3WKO-XIMIi4HI XapaKTePHCTHKU
KPHUCTAIB, SIK TEMIIEPATYPH CTIANAXY (fcnay) 1 3aMAHHS (£5450)-
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3aJeXKHO BiJ CTYNEHsS OKHCHEHHS LEHTPaIbHOIO aToMa Ta YMOB CHHTE3Y
PO3PI3HAIOTH TPU OCHOBHI CIIOCOOM KOOpJAMHAI aToMiB y pa3i YTBOPEHHS I1OHHO-
MOJIEKYJISIPHUX KOMIUIEKCIB KynpyMy 3 amiHamu (puc. 1).

Tabauys 1
CrexioMeTpisi Ta peHTTeHorpadivHi TapaMeTpH KOMIUIEKCIB KyIpyMy 3 aMiHaMH

IIpocroposa Iapamerpu komipkn (A, rpa.) Croci6
Kommiexc
rpymna a,a b, B ey KOOpIMHAILT
16,943(8), | 12,156(6), | 3,8389(12),
[Cu,Cly(2-amp)] P2,/n 90 87.04(3) 90 Cu(l)«-N
. 10,968(3), 6,770(2), 13,304(4), +
(pirH,)[CuCl;] C2/c 90 96.289(9) 90 H'<N
11,543(5), | 13,334(5), 6,183(3), +
(morfH)[Cu,Cl;] P2,/c 90 93,44(3) 90 H'«N
11,0922), | 10,012(2), | 6,401(1),
[Cu(mea)Cl,] C2/c 90 121,71(1) 90 Cu(Il)«-N

Puc. 1. Cnocobu KoopauHALii aMiHIB Y 10HHO-MOJIEKYIAPHUX KOMILIEKCAX KyIIpyMy:
a—Cu(l)«N; 6 - Cu(Il)«-L (L=0,N); s—H'«N

[epumit Tun koopauHauii aminy (auB. puc. 1, @) npuramanauii nume atromam Cu(l),
TYT opmyeThest TeTpaeapuyne orodeHHs aroma Cu(l), sike ckiagaerses 3 Tppox atomis Cl
i onHoro aroma N. Hanpukmnaz, npsimoto B3aemosieto nopomkonosioHoro CuCl 3 2-amp
orpumytoth kpucranu [Cu,Cl,(2-amp)] [8], y skux peaizyeTbcs HEPIIMIA THIT B3aEMOJIII.
3okpema, mnomisaepHuil c-kommuieke [Cu,Cl,(2-amp)] moOynoBaHuii i3 HECKIHYEHHHX
HeopraHiyaux ¢parmentiB (CuyCly), Ta KoOpauHOBaHMX Ha aToMax Kynpymy(l) moxekyn
2-amp (puc. 2).

Atomu HirporeHy amiHOrpynu MOJIEKYJIH 2-aMiHOIIPWUAWHY HampsiMiieHi B Oik
OJJHOTO 3 aroMiB XJOpy, LIO CBiIYHTH NPO ICHYBaHHSA BHYTPIMIHBOMOJCKYJSPHUX
BoaHeBuX 3B’a3kiB Tumy N(2)-H--Cl(2) (Bincrams N(2)--Cl(2) cramoButs 3,38(5) A).
Bonnesi 3B’s3km mopsazn 3i 3B s3kamu Cu(I)<—N 10maTKoBO MOCWIIOIOTH YTPHMYBaHHS

MOJIEKYJI TOPIOYOi OpraHiuHOi pPEYOBMHH 3 HETOPIOYMM HEOPraHIYHUM (HparMeHTOM
(CuyCly),.
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Puc. 2. ByoBa moniMepHOTo JaHIIOra Puc. 3. BynoBa koopauHaIiiiHOro
[CuyCl(NH,CsHyN), 1, B [CuyCly(2-amp)] By3na B [Cu(mea)Cl,]

Jpyruil TMn KoopauHauii amiHy (OuB. puc. 1, 6) XapakTepHHIl HEpeBaXKHO IS
cnosryk Cu(Il). Tyt ¢opMmyeThcs KBaipaTHE OTOYEHHS NEPEBAXKHO 3 ABOX ATOMIB XJOpy 1
JIBOX JIOHOPHHX aTOMiB, sKi B koopauHaniitHii chepi Cu(Il) MmoxyTs 3aiiMat mpanc- abo
yuc-ionokeHHs. Takmm mpencraBaukoM € [Cu(mea)Cl,] [9], xpucramm sKoro
YTBOPIOIOTBCS BHACHIJOK TMPSIMOI B3a€EMOZIl MOHOETAHONAMIHY 3 BOJHHUM pO3UYHHOM
Cuclz'szO.

Y upomy xenatrnomy yuc-komiekci [Cu(mea)Cl,] aromu N i O oxHiei Monekynu
mea KOOPAMHYIOTh 3 J1BOX O0kiB oguH arom Cu(ll) (puc. 3), i, BiANOBIJHO, JOAATKOBO
3B’s13y10Th 11ie JBa atomu Cl. 3a3Haunmo, 1110 ABa aTOMH XJIOpy 1 koopanHoBaHi atomu O Ta
N MouekyM mea CUMETPUYHO 3B’sS3aHI MK COOOIO BICCIO JPYroro mopsaky. JloBxuHu
38’s13kiB Cu—N Ta Cu—O cTanoBIaTh 2,025(8) A, Tomi sk 38’3k Cu—Cl — 2,267(8) A.

Tperiéi Tun xoopauHaii (AMB. pUc. 1, 8) BUHUKAE BHACIIJOK IMPOTOHYBAHHS MOJIEKYJI
aMiHy 3 YTBOPEHHSM BiJNOBIAHOrO KaTioHa Ta artomepariero aromiB Cu i Cl y ckmamsi
Kympoxopui  pparmenti [Cu,Cl,]""". Hanmpukian, OXOJOMKEHHSIM KOHIEHTPOBAHOIO
XJIOpUIHOKUCIOoro BoxHoro po3unHy CuCl 3 omHOYacHMM HacWuYeHHAM Horo pip uu morf
ocaukyroTh Kpuctay (pipH,)[CuCls] [10] uu (morfH)[Cu,Cl3] [11].

0\ C(4) \ \
CH\ ,X‘@G) N\ IX< \ /X<
(M Wl
C(2)

Il ~
_/H(ﬁl
ci2) N \é ﬁé
[CuCly - [HoNCH, NH, 2+ X %

Puc. 4. Ctpykrypui omumui [CuCl;]* i Puc. 5. CrpyxrypHuii pparmeHt
[H,NC4HgNH, ]y (pipH,)[CuCls] [(OC4HgNH;)Cu,Cl3], y (morfH)[Cu;,Cl;]
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Kpucranu (pipH,)[CuCl;] noOymoBaHi 3 JUCKPETHHX JBO3apSJHHUX KaTiOHIB
[H,NC,HgNH,]*" ta kynpoxmopuaaux anionis CuCls”", 6y10oBy SKHX 0Ka3aHO Ha puc. 4.
VY mifi CTpyKTypi ABO3apsIHUI KaTiOH MIMEPAa3HMHII0 YTBOPIOETHCS BHACIIIOK JOHOPHO-
akuentopHoi B3aemonii H'«—N koxkHoro 3 nsox artomis Hitporeny 3 mpoToHom. Misk
nBoMa cTpyktypHumu ¢parmentamu  CuCl;> i [H,NC,HgNH,]*" Bunmkae mirua
eJIeKTpocTaTudHa (KYJIOHIBChKa) B3aEMOIis.

Kpucramu inmoro anionHoro kominiekcy (morfH)[Cu,Cl;] mnobynoani 3
JUCKPETHMX OJHO3apsAaHMX KarioHiB Mopdoninito [OC4HgNH,]" Ta momimepHnx
Kynpoxuopuanux anionis [Cu,Cly™],. (puc. 5). Mix aBOMa CTPYKTYpPHHMH (parMeHTaMu
[Cu,Cl3], i [OC4HgNH,]" Tak camo BMHHMKA€ MillHA eIeKTPOCTaTH4HA (KyJIOHIBCHKa)
B3aeMomis. Atomu [imporeHy mnpoTroHOBaHOTO aToMa HiTporeHy yTBOPIOIOTH MiITHI
BonHeBi 3B’sa3ku Tumy N-H--Cl (N-H(5)--Cl(1) 2,22(5)A), mo mnopsx 3 ioHHOIO
B32€EMOJIIEI0 TIOCHJIIOIOTD 3B’ S3YBaHHS TOPIOY0Tro MOP(OJIIHY 3 HErOPIOYOK HEOPraHIuHO
CKJIaJIOBOIO KOMILIIEKCY.

Tabauys 2
TennmorBopHa 31aTHICTE (O 3r0p) T TEMIIEPATYPH CTIATAXY # 3aiMaHHS JIs OPTraHIiYHUX aMiHiB Ta
IOHHO-MOJIEKYJIIPHUX KOMILIEKCIB

¢ g .2
= : : 3
=] QHA 3rop>» >§ QH, 3rop» K = \E
5 KTR/Kr ‘\Nm Kommieke KR/ Ry Twun B3aemoii D%
2 g is!
& [Cu,Cly(2-amp)] 6229 290/305 | Cu(I)«-N 198
S [28705,3]116/125
A [Cu(2-amp),Cl,] 15235 | 182/223| Cu(ID)<«-N 170
S [32488.4| 66/82 | (pipH,)[CuCl;] 9056 | —/- H <N 218
=
g 30727,6| 35/36 (morfH)[Cu,Cl;] 5562 360/— H'«N 218
(anH);[Cu,Cl,] 12135 | 310/~ | H'«N 218
§ |34681,2| 76/79
[Cu(an),Cl,] 18896 | 167/196 | Cu(I)«<—N 170
S Cu(Il)<«-N 170
2 27310,0| 98/108 | [Cu(mea)Cl,] 5980 175/190 Cu(I<-0 168
% 29318,3| 43/60 [Cu(etda),(H,0)CI|C1| 11156 | 165/182 | Cu(Il)«-N 170
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AHaJIi3 OTPUMAHUX PE3YIIbTATIB PEHTTCHOCTPYKTYPHUX JIOCIIHKEHB, 8 TAKOK KBAHTOBO-
XIMIYHUX OOYHMCIIEHb €Heprii XiMIYHHMX 3B’S3KIB 1 TEPMOXIMIYHOTO BHMBYEHHS TEILUIOTBOPHOI
3[ATHOCTI TPOJYKTIB B3a€MOJii cojied KynpyMy 3 OpraHiYHMMHM aMiHaMH 3acBiT4MB, LIO
OCHOBHMM UMHHUKOM, SKHH BIUIMBA€ Ha YTPYAHEHHS 3alMaHHS HITPOT€HOBMICHHX
BYIJIEBOAHIB, € e()eKTHBHE XiMiUuHE 3B’S3yBaHHsS (KOMIUIEKCOYTBOPEHH:s) atoMiB N MOJIEKy
TOPIOYOTO aMiHy 3 aTOMOM d-MeTaly Heroprouoi coii. Taka B3aeMOis CYMPOBOIKYETHCS
YTBOPEHHSM JI0BOJI MilHMX KoopauHauiiHux 3Bs3kiB Uy Cu(I)<—N, Cu(Il)<-N abo x
H'<-N. V 1p0My BUNajKy 3MiHa €HEPreTHYHOTO CTaHy PEaKLiiHOi CyMillli aMiH—TOBITps—Ciilb
KyIIpyMy CTOCOBHO TOPIOYOi CyMIllli aMiH—TIOBITPS 3aJICKUTh BiJ THITYy B3a€MOIii, TeOMeTpii
YTBOPEHOT'O KOOPIMHALITHOTO By3Jia Ta HEOPTaHiYHOI CKJIaZ0BOT KOMILICKCY.

BUHHKHEHHS BHACHiJJOK KOMIUICKCOYTBOPEHHS BaKKOTOPIOUMX KOMIUICKCHHX
CIIONIyK CYIPOBOMXKYETbCA 3HAYHUM BUBUIBHEHHSM €HEprii, 3Ha4eHHA $KOi CHIBHO
3aNeKNATh BiA THIY B3aeMOJii MK aMiHOM 1 cimmo Kympymy. B Ttabm. 2 HaBemeHO
o04YMCIIeH] 3HAYeHHS TEIUIOTBOPHOI 3JaTHOCTI Ta EKCHEPHUMEHTAIbHO BU3HAYCHUX
TEeMIepaTyp crmajgaxy 1 3aiiMaHHs i1 BUIBHHX Ta 3B’S3aHUX B 1OHHO-MOJICKYJISIPHI
KOMIUIEKCH aMiHiB, a TAKOXX 3HAUEHHs €Hepril XiMIYHOTO 3B’sI3yBaHHS MIX CULIIO KylIpyMy
Ta aMiHOM.

Tabauys 3
BimHocHa 3MiHA HU3KH MapaMeTpPiB MOKEKOHEOE3NMETHOCTI OPraHiYHNX aMiHiB
Y BUIBHOMY i 3B’s13aHOMY CTaHi
= = é = .g 0 (aminy)
g g E KoMILIeKe g E i3rop y ! enan (KOMl‘IJ"leKCy)
< — o —~ o QH.srop (KOMHHGKCY) Lenna (aMlHY)
2 2
[Cu,Cl,(2-amp)] BI'P 4,5 2,5
2-amp | TP
[Cu(2-amp),Cl,] Ip 1,9 1,6
pip Irp (pipH,)[CuCl;] BI'P 3,6 4,8
morf | JI3P | (morfH)[Cu,Cl;] HI'P 55 10,3
P (lll’lH)}[Cll4C17] BI'P 2,9 4,1
an [Cu(an),Cl,] I'P 1,8 2,2
mea | I'P [Cu(mea)Cl,] Irp 4,6 1,8
etda | TP [Cu(etda),(H,0)CI]C1 (TP 2,6 3,8

Ipumitka: ['P — roproua pedosuna; JI3P — merkozaiimucra pinuaa; BI'P — Baxkkoroproda
pedosuHa; HI'P — Heroproua peyoBuHa.

Haite(exTnBHimMM BUABUIOCH 3B’ 13yBanHs THIy H'<—N, sike peanizyeTbcs 3aBIsku
JIOHOPHO-aKIENTOPHIN B3aemoxii (eHeprisi NPOTOHYBaHHS aMIHOTPYNH  MOJICKYJIH
opraHigyHoro amiHy craHoBuTh 218 kx/[x). EHepreruuno-crepeocnenndidai 0coOIMBOCTI
IIbOTO THITY B3a€MOJIi HA0YHO MOKHA MPOJIEMOHCTPYBATH Ha MPUKIAl B3aEMOJiT aHUTIHY 3
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CuCl B XJIOpHIHOKMCIIOMY BOJAHOMY PO34YHMHI, SIKMH 3YMOBJIO€ IOSIBY Ba)KKOTOPIOUOTO
anionHoro komiiekcy (anH);[CuyCl;], ne BuBinbHAETHCA eHepris B ~750 k/[)k Ha KOXHY
GbopMyIbHY OJMHHUINKO KOMIUICKCY. JSIK  3acBIYMWIIM  TEPMOXIMIYHI  OOYHCIICHHS,
TEIUIOTBOPHA 3JaTHICTE aHiOHHOTO Komiuiekcy (anH)3;[CuyCl;], mo mnepeOyBae y
napomnoiOHOMy CTaHi, CTOCOBHO Ta30MOAIOHMX MOJIEKYJ an 3HWKYEThCS Maike BTpUUi
(tabn. 3). BusHaueHHs X Temieparyp cnajaxy i 3aiiMaHHS KPHCTaJIYHOTO KOMILIEKCY
(anH)3[Cu4Cl;] cBimunTSH, IO y 3B’3aHOMY CTaHI aHITIH IEPETBOPIOETHCS Y BAXKKOTOPIOTY
pedoBHHY. 30KpeMa, TeMIlepaTypa cliajiaxy aHUTiHy Micis Horo 3B’sI3yBaHHS B KOMILICKC
MiABHIY€EThCS Bif 76 (it ButbHOTO an) A0 310 °C, TOOTO MPOCTEKYETHCS ITiIBUIICHHS
TeMIIepaTypH Clialaxy BYETBEPO, TOII K 3aliMaHHS 3B’S3aHOT0 B KOMIUICKC an B3aralli He
BiIOYBa€THCA.

Takuii xapaktep B3aemonii (K 1 y an) mputamaHHuid pip 1 morf. OCKUIbKH
TEIUIOTBOPHA 31aTHICTh KoMIUtekciB (pipH,)[CuCl;] i (morfH)[Cu,Cl;] cTocoBHO BiTbHUX
MOJIEKYyNl pip 1 morf 3HWKyeTbcs y 3,6 1 5,5 pasa, BIANOBIgHO, TO oO4HMCIIeHA
aIpPOKCUMAIIIfHIM METOJOM TeMIIepaTypa Claiaxy pip y 3B’SI3aHOMY CTaHi i BU3HaUeHa
eKCIEPUMEHTANBHO [T morf'y 3B’ sI3aHOMY CTaHi, BimoBixHO, ctaHoBIATH 340 1 360 °C.

HactynHoro 3a minnicTio 3B’s3yBanHHS € B3aemomis Cu(l)<—N (198 k/[x/momnb).
3aB/sSIKM IbOMY OpraHiYHU# amiH (2-amp), KUl HAJEKHUTH 10 TOPIOYUX PEUOBHH, MICIIs
3B’s13yBaHHs 3 HaHOUacTHHKOIO Cu,Cl, cTae Ba)XKKOTOPIOYOK0 PEUOBHHOIO (IUB. Tabi. 3). 3a
pe3yibTaTaMu TEPMOXIMIYHHX JOCIIPKEHB, TSIUIOTBOPHA 3IaTHICTh KOMILICKCHOT CIIOTYKU
[Cu,Cl,(2-amp)] CTOCOBHO BUIBHHX MOJICKYJ 2-amp 3HWKYEThCS OLIbII HIX y 4,5 pasa, a
TEeMIIepaTypa crajgaxy 2-amp Iicis 3B’ s3yBaHHS HOr0 y KOMIUIEKC HiIBUILYeThes Bix 116
(mmst BUTBHOTO 2-amp) 10 290 °C (3poctae y 2,5 pasa).

f . (xoMnnexcy) L =
1 (aminy}

e-2

t 03

]d F A4

%t

%

L4

- b W B o S = a3

= 0, .o (aminy)
0 1 2 3 4 5 - 2, e (IOMITEECY )
Puc. 6. I'padiuna 3ae)KHICTb BITHOCHOI 3MiHH PSIy NapaMeTpiB HOXKEKOHEOE3IeTHOCTI OpraHiyHuX
aMiHIB y BUIBHOMY 1 3B’s13aHOMY Y KyIIPOKOMIIJICKCH CTaHi:
1 — nnst aHioHHNX Komiutekcis 3 H <N tumom 38’a3Ky; 2 — I MOJNEKY/IIPHUX KOMIUIEKCIB 3
Cu(II)«—N Tunom 38’s3Ky, 3 — JUIs TAKOT'O CaMOTO TUITy KOMIUIEKCIB, ajie iHIIOi CTeXioMeTpii;
4 — nnst Mmonexynsapuux komiutekciB 3 Cu(I)«<—N Tunom 3B’s13ky
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Ha sinminy Bix Bzaemoxniit Cu(I)<—N i H'«-N (auB. Ta6mn. 2) B3aemozmis Cu(Il)<-N
€ Haicnaokimor (168 k/lx/Moins). Lle BimoOpa)kaeThCs Ha JEIIO MEHIIOMY 3HM)KCHHI
TEeMIIepaTyp crajaxy Ta 3aiiMaHHs OPTaHIYHUX aMiHIB MiCJsI IXHBOTO 3B’SI3yBaHHS 3 COJISIMU
kynpymy(II). TermorBopHa 3naTHicTh KoMIutekciB [Cu(an),Cl,] 1 [Cu(mea)Cl,] cTocoBHO
BUIBHUX an 1 mea 3HWKYeThes y 1,8 Ta 4,6 pasa, BIANOBIIHO, TOI SK TEMIIEpaTypH crajaxy
JUTSL ITAX aMiHIB IMiCJISE KOMIUIEKCOYTBOPEHHS 3p0ocTatoTh y 2,2 (an) i 1,8 (mea) pasa.

3o0pakeHa Ha puc. 6 TpadivHa 3aJCKHICT 3aCBiAUYE, MO MEBHOMY 3HIDKCHHIO
TEIUIOTBOPHOI 3JaTHOCTI KOMIUIEKCHOI CIONYKH CTOCOBHO TEIUIOTBOPHOI CIIPOMOXKHOCTI
BUIPHOTO aMmiHy 3aBXKIM BIATOBiZa€ TWIJABUIICHHS TEMIIEPATypH CIIajaxy amMiHy ¥
3B’s13aHOMY 1 BUJIbHOMY cTaHi. TOOTO CIpaBIKy€EThCS EMITIPUYHA 3AIEIKHICTh

Osrop (aMiHY) _ const fenan (KOMILICKCY)
O, 3r0p (KOMILIEKCY) fonan (AMIHY)

UYucnoBe 3Ha4eHHsI const 3aJie)KaTUME BiJl THITy Ta YMOB B3aemoii (AuB. Tabu. 3),
10 BUHMKA€ MDK OpraHiYHUM aMiHOM 1 BIAMOBIJHOIO CULIIO KynpyMmy. 30Kpema, Juis
B3aemomii H'«—N Busnauene 3 miei EeMIIPHUYHOI 3aJIe)KHOCTI ycepeTHeHe 3HAYEeHHS CTajoi
BenuunHU (const) ctaHoBHTH 0,7, mst B3aemoii Cu(Il)«—N — 0,9, nns B3aemoxuii Cu(I)«—N
— 1,8. Maroun ycepeqHeHE 3HAUYEHHS const eMITIPHYHOI 3aJIeKHOCTI Ta 3HaO4YH OyIOBY
KOOPAMHALIHHOTO By3/1a, MOKHa OOYHMCIIUTH HaOJIMDKEHEe 3HAUCHHS TeMIIEpaTypH Cliajaxy
OpraHiyHMX aMiHIB y 3B’S3aHOMY CTaHI, He TPOBOISYM BUNPOOyBaub. Hampukian, mis
komiiekey (pipH,)[CuCl;] oOumcrieHa Ttemmeparypa crajaxy CTaHOBHTh HPUOJIHM3HO
320 °C.
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STRUCTURAL ASPECT OF A FIRE-RETARDANT ACTION OF THE COPPER
COMPOUNDS ON COMBUSTION OF THE NITROGEN-CONTAINING
CARBOHYDRATES

B. Mykhalitchko, N. Godovanetc, O. Shcherbyna, O. Lavreniuk

Lviv State University of safety of vital activity,
Kleparivsra Str., 35, 79007 Lviv, Ukraine,
e-mail: mykhalitchko@ubgd.lviv.ua

Stereospecificity of binding of the nitrogen-containing carbohydrates in the CuCl and CuCl,
ionic-molecular complexes of the [Cu(2-amp),Cl,], [Cu(an),Cl;], (anH)3;[CusCl;] and
[Cu(etda),(H,O)CI]Cl  compositions (were an — aniline (C¢Hs;NH,), 2-amp -
2-aminopyrine (NCsH4NH,), etda — ethylenediamine (H,NC,H4;NH,)) have been studied by using
X-ray diffraction. Based on results of the crystal structure determination of the copper(I) and
copper(Il) coordination compounds with amines, which forms in the reactionary systems (Air —
combustible amine — non-combustible copper salts), the quantum-chemical and thermo-chemical
analysis of an influence of copper salts on a decrease of the nitrogen-containing carbohydrates
combustibility have been fulfilled. Consequently, the influence of complexation and Cu(I)<—N,
Cu(I)<-N and H'«N types of coordination bonds on decrease of combustibility of polar
carbohydrates was considered. Besides, the energy of coordination bonds and its influence on the
change of some physicochemical parameters of the nitrogen-containing carbohydrates were
compared. The realized investigations show that chemical interaction non-combustible of copper(I)
chloride or copper(Il) chloride with combustible amine, due to formation of donor-acceptor
connection, rather effectively reduces the combustibility of the nitrogen-containing organic
compounds. It is completely accordance with results of experiment performed to determine the flash
point and ignition temperature of obtained crystals of these complexes.

Key words: CuCl and CuCl, ionic-molecular complexes, crystal structure, synthesis, combustibility
of nitrogen-containing carbohydrates.
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CTPYKTYPHBIN ACIIEKT AHTUITMPEHOBOT O JIEUCTBHA COEJJUHEHUI
MEJIHN HA TOPEHUE A30TCOJEPXALIUX YIVIEBOJOPOJOB

b. Mbixannuko, H. I'ogoBanen, O. lllepouna, O. JlaBpeHIOK

JIvs06CKULl 20CYOapcmBenHblil YHugepcumem 0e30naACHOCMU HCUHeOesmelbHOCU,
yn. Knenaposckas, 35, 79007 Jlveos, Yxpauna,
e-mail: mykhalitchko@ubgd.lviv.ua

MeTrogoM  PEHTI€HOCTPYKTYpHOTO M KBAaHTOBO-XHMHYECKOTO  aHaIM3a  HM3y4YCHO
cTepeocreliMpUKy CBSA3BIBAHMS  a30TCOAEPXKAIIMX  YIJIEBOJOPOJOB B  HOHHO-MOJICKYJISIPHBIE
kommiekcel  CuCl  u  CuCl,. PaccmorpeHo  BIMSIHHE  XMMHYECKOTO  B3aUMOJCHUCTBHUS
(xomriekcooGpasoBanus) ¥ TuN KoopauHarmonusix cBsseit Cu(I)«<—N, Cu(ID<-N u H'<N na
CHIJKCHHE TOPIOYECTH IOJSPHBIX YIIeBOAOPOAOB. IIpOBEAEHO CPaBHUTENbHBIH aHAIM3 SHEPTUU
KOOPJHMHAIIMOHHBIX CBsI3€il M MX BIMSHME HA M3MEHEHHE psiga (DU3HKO-XMMHUYCCKUX I1apaMeTpOB
A30TCOZCPIKALINX YTIIEBOJOPO/IOB.

Kniouesvie cnosa: monHo-monexyisipaele komiuiekcsl CuCl m CuCl,, kpucrammmueckas
CTPYKTypa, CUHTE3, FOPIOUECTh a30TCOAEPKALIMX YTIIEBOLOPOIOB.
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