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HaumoHanbHbIM YHUBEpCcUTEeT GuopecypcoB 1 Npupoaononb3oBaHuAa YkpauHbl, Knes

3AKOHOMEPHOCTU PACIMPEQENEHUA NPOCTbIX BELWECTB U XUMUYECKUX COEAUHEHUIA
MO TEMNEPETYPAM NMNABNEHUA U KUTEHUA U UX BBAUMOCBA3b
C APYITMMU ®U3UKO-XUMNYECKUMU NAPAMETPAMU

HUccnedoeann! 8 6onbwoli eibopke (6onee 2770 06beKkmMoe) 3aKOHOMEPHOCMU 83aUMOC8sI3U Mexxdy memnepamypamu nnaeneHusi (Tn) u kune-
Hus (Tk) npocmbix 8eujecme (XUMUYECKUX 3JIeMEHMO8) U pa3/iudHbIX XUMUYeCKUX coeOuHeHuUll KaKk Heopa2aHu4eckoli, maK u opaaHu4eckol npu-
PoOdbi. BbisienieHbl Koppensyuu napamempo8 coOomHoweHuli memmnepamyp ¢ MonbHbIMU o6bemamu (Vi) u ydenbHol nnomHocmsto (dg) Ons 118
u38ecmHbIX Ce200Hs XUMUYECKUX 351IeMeHmos. BbisieneHbl cmpoaue ¢hopmysnbHbIe c8s13u ¢ Opy2umu (hu3UKO-XUMUYECKUMU napamempamMu U KOHC-
maHmamu. Y0anock cnpoaHo3uposame u ymoyHums Tn, Tk, Ve u de XuMu4ecKux 3sieMeHmMo8 8ce20 mpaHCypaHo8020 psida.

Knroveenie crioea: memnepamyps! NnaeneHust U KUneHusl, XuMu4yeckue 3ieMeHmsbl U COeOUHEHUs, MOJIbHbIU 06beM, MIoMHOCMb, KOHCMaHma
2pasumauyuu, NoCmMosiHHasi MOHKOU CMPyKmMypbl, MpaHCypaHoeble 3/1eMeHmbl, npedesn Macchbl amoma.
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REGULARITIES OF DISTRIBUTION BY MELTING AND BOILING POINT OF SIMPLE SUBSTANCES AND CHEMICAL
COMPOUNDS AND THEIR RELATIONSHIP WITH OTHER PHYSICAL AND CHEMICAL PARAMETERS

Investigated in large sample (over 2770 objects) the patterns of relationship between melting points (Tu) and boiling point (Ts) of simple
substances (chemical elements) and different chemical compounds, inorganic and organic nature. The detected temperature ratio parameter to
correlation with amount of molar volume (Ve) and specific density (dg) for the 118 today known elements. Found the strict formula mating with other
physical-chemical parameters and constants. Able to predict and refine Tu, Ts, Ve and de of the chemical elements all Tran's uranium series.

It is show that the correlation equations of lines of distribution of simple substances (chemical) compounds of organic and inorganic nature in the form of
functions: Tu =f (ATus), Te =f (ATus), where ATus = (Ts—Tw), and the boundaries of their special zones clearly correlated to the level of simple mathematical
formulas with the fundamental constants. In particular next constant: the fine structure (a, = 0.0072973524; constant of gravitation (G = 6,67428x10~" m*-(c-kg)
2; the electric impedance (Zo = cyo = 376,73031); a molar volume (V, = 0.0224139682 m*-k-mol'; a specific energy chemical connection AGo = 395458,1716
J-mol"; and gravity radius (equally weighted according to Kepler's laws) ro = 1467,584624 m, and others.

It is also shown that areas of selected points (T;) on the function of the Tu = f (ATus), for which Tu = T;, the approximation lines on the function of
Ts =f (ATms), are linear in nature. This lines have characteristic coefficients: y = 1,00092660467x + 302,179177315 , and tangent of an angle whose
angle to the axis of the horizontal axis tg(ajx =1,0016259582, the simple ratio of universal physical-chemical molar volume constant
[(tg’e)x / (2:10°)]* =V, = 0,0224139682 m*-k-mol".

Found almost simultaneous move two periodicals dependencies molar volume Ve elements and their temperature coefficient
ke = (Ts + Tu) / (Te — Tu) from the sequence number of the chemical elements. Based on this fact, was made the forecast values of Vg, and calculated
on the specific density (dg) t of the all elements Tran's uranium series items. Experimental determination

Conducted a comparison of the stability of atoms and stars on the example of the analysis of the periodic dependence of the specific density
(de) all of the 118 known elements today from their serial number. Also was the proposed graduation of four a limited bounders, and eight zones
of stability to the same a stars stability of the transitions in similar vision in accordance with the periodic changes in the properties of the
respective chemical elements with same mass multiplicity sight for cosmological masses. Namely, for the stars — Mx = MexMo same as for the
atomic masses same —me = Mexmu. In addition, show that limit for atoms and you allow vision grown to the multiplicity of the masses (308 + 312)
of the respective units, i.e. sight (Mx) max = (308 + 312)xMe, as for atoms — (Mg)max = (308 + 312)xmy corresponding isotope of the elements with
sequential numbers from Ne with 118 to 126.

Keywords: melting and boiling point, chemical elements, chemical compounds, molar volume, density, fundamental constants, constant of
gravitation, fine structure constant, trans uranium elements, the atom mass limit.
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DIRECT SYNTHESIS AND CRYSTAL STRUCTURE
OF BIS(BROMIDO-BIS(1,10-PHENANTHROLINE)-COPPER(II))
NITROPRUSSIDE DIMETHYLFORMAMIDE SOLVATE

The title compound, [Cu(C,H;N,),Br],[Fe(CN)s;(NO)] C;H;NO, was prepared by the self-assembly of nitroprusside anion and Cu
cation containing a bidentate amine in the reaction of copper powder and sodium nitroprusside with NH,Br and 1,10-phenanthroline
(phen) in dimethylformamide (DMF). The complex is formed of discrete [Cu(phen),Br]* cations, nitroprusside [Fe(CN)s(NO)J?> anions
and DMF molecules of crystallization. The cation has no crystallographically imposed symmetry; the metal atom coordinates two
nitrogen atoms of two phen molecules and bromide ion. The copper coordination geometry is intermediate between a square
pyramid and a trigonal bipyramid. The [Fe(CN)s(NO)J*- anion is located on an inversion centre with the nitrosyl group modelled as
disordered with one of the CN groups. The DMF solvent molecule was found to be disordered about the crystallographic inversion
centre; geometries were restrained to ideal values. In the solid state, alternating layers of cations and of anions plus DMF molecules
are stacked along the b axis.

Keywords: crystal structure, intermediate coordination geometry of copper(ll), nitroprusside anion, disorder, layers of cations
and of anions.

The [Cu(phen)2]?* cations (phen is 1,10-phenanthroline)
whose apical sites can be filled by incoming bridges have
been utilized as useful tectons for the construction of
heterometallic compounds with desirable properties. Self-
assemblies of [Cu(phen)2]** and  oxovanadium
organophosphonates produced remarkable two- and three-
dimensional materials [1]. Five different copper (ll)-
phenanthroline species were found to coexist in the crystal
packing of inorganic-metalorganic hybrids based on Keggin

polyoxometalates and copper(ll)-phenanthroline-oxalate
complexes [2]. [Cu(phen)2]?*-[WY(CN)s]>~ molecular
assemblies with the WV-CN-Cu" linkage showed
pronounced ferromagnetic WVY-Cu" coupling for the
equatorial cyano bridge at the Cu(ll) center [3]. However, the
combination of [Cu(phen)2]?* and pentacyanometalate, for
instance, [Fe(CN)s(NO)]?-, was rarely reported.

A synthetic strategy developed in our group — direct
synthesis of coordination compounds — employs metal
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powders or metal oxides as starting materials to obtain novel
metal complexes of various nuclearities and structures.
Building blocks that are generated in situ from zerovalent
metals and simple common ligands such as
ethylenediamine [4—7], aminoalcohols [8] or Schiff bases [9],
subsequently self-assemble with other metal centres
present in the same reaction vessel.

Earlier, we have shown that sodium nitroprusside could
be used as a source of metalloligand in direct synthesis of

@)

Br

heterometallic Cu/Fe complexes [10]. Here, we report on the
synthesis and crystal structure of a new cation-anion Cu/Fe
complex prepared by the self-assembly of nitroprusside
anion and Cu cation containing a bidentate amine. The title
compound was isolated from the solution obtained by
reacting copper powder and sodium nitroprusside with
NHsBr and 1,10-phenanthroline in dimethylformamide
(DMF). To the best of our knowledge the title compound has
not been structurally characterized.
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The title compound, [Cu(phen)2Br]z[Fe(CN)s(NO)]-DMF,
is formed of discrete [Cu(phen)2Br]* cations, nitroprusside
[Fe(CN)s(NO)>= anions and DMF molecules of
crystallization. The [Cu(phen)Br]* cation has no
crystallographically imposed symmetry (Fig. 1). The metal
atom is five-coordinate with four nitrogen atoms of two phen
molecules and bromide anion. The Cu-N distances vary
from 2.007(3) to 2.157(4) A, the Cu—Br bond is 2.4365(8) A
(Table 1). The cis angles at the copper atom are in the range
of 80.35(15)-112.00(10)°, the two trans angles are equal to

O

142.06(10) and 172.83(15)°. The angular structural index
parameter, t = (f—a)/60, evaluated from the two largest
angles (a <) in the five-coordinated geometry with the
ideal values of 1 for an equilateral bipyramid and O for a
square pyramid [11], is equal to 0.52. Hence, the copper
coordination geometry in the cation is intermediate between
a square pyramid and a trigonal bipyramid. A similar
coordination geometry was observed in other complexes
containing [Cu(phen)2Br]* cations [12].

Fig. 1. Molecular structure of [Cu(phen),Br].[Fe(CN)s(NO)]DMF with the numbering scheme.
The non-hydrogen atoms ellipsoids are shown at the 50 % probability level

The Fe atom of nitropusside occupies an inversion
center, giving rise to a disorder of the nitrosyl group between
two trans positions (Fig. 1). The Fe—N/C bond distances in
the range 1.846(5)-1.935(5) A (Table 1) correspond to those
typically observed in the [Fe(CN)sNOJ?~ anion [13]. The
structure is completed by dimethylformamide solvent
molecules that were found to be disordered about the
crystallographic inversion centre.

In the solid state, layers of [Cu(phen)2Br]* cations and of
nitroprusside anions plus DMF molecules alternate in the b
direction. In a layer, the cations are arranged in stacks
propagating along the c¢ axis with the adjacent stacks lying

antiparallel to each other. The neighboring cations in a stack
are inverson-related and display 111 stacking between
coplanar phen molecules with the ring centroid distances of
around 3.6-3.7 A (Fig. 2). The copper atoms are arranged
an a zig-zag fashion with two alternating Cu---Cu
separations being about 6.94 and 8.77 A. In a layer, the
[Fe(CN)sNOJ?- anions are stacked identically one above the
other in the a direction alternating with stacks of DMF
molecules. The crystal packing does not shows any C—
H---Br contacts below the van der Waals contact limit. The
shortest distance between bromide atoms of above 4.74 A
does not suggest any Br---Br interactions either.
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Table 1
Selected bond lengths [A] and angles [°] for [Cu(phen),Br];[Fe(CN)s(NO)] DMF
Cu(1)-N(6) 2.007(3) Fe(1)-C(1) 1.846(5)
Cu(1)-N(7) 2.008(4) Fe(1)-C(3) 1.902(5)
Cu(1)-N(5) 2.080(3) Fe(1)-N(3) 1.935(5)
Cu(1)-N(8) 2.157(4)
Cu(1)-Br(1) 2.4365(8)
N(6)-Cu(1)-N(7) 172.83(15) C(1)-Fe(1)-C(3) 91.4(2)
N(6)-Cu(1)-N(5) 81.37(14) C(1)-Fe(1)-N(3) 89.77(19)
N(7)-Cu(1)-N(5) 93.36(14) C(3)-Fe(1)-N(3) 90.40(19)
N(6)-Cu(1)-N(8) 96.37(15)
N(7)-Cu(1)-N(8) 80.35(15)
N(5)-Cu(1)-N(8) 105.92(14)
N(6)-Cu(1)-Br(1) 95.55(11)
N(7)-Cu(1)-Br(1) 91.59(11)
N(5)-Cu(1)-Br(1) 142.06(10)
N(8)-Cu(1)-Br(1) 112.00(10)
Fig. 2. m—mr Stacking between coplanar phen molecules in a stack of the inverson-related [Cu(phen).Br]*
cations of [Cu(phen).Br].[Fe(CN)s(NO)]DMF
Table 2

Crystal data and structure refinement for [Cu(phen),Br],[Fe(CN)s(NO)]DMF

Empirical formula

CseH39BroCuFeN50,

Formula weight

1296.77

Wavelength 0.71073 A
Crystal system Triclinic
Space group Pl

Unit cell dimensions

a=10.001(3) A

b= 10.442(3) A

c=12.598(3) A

o =79.276(4)°

5= 86.097(4)°

7= 81.239(4)°

Volume 1276.5(6) A®

V4 1

Density (calculated) 1.687 Mg/m?®

u 2.732 mm™’

Crystal size 0.30 x 0.21 x 0.05 mm?

Reflections collected

11025

Independent reflections

5257 [R(int) = 0.035]

Data / restraints / parameters

5257 /16 /378

Goodness-of-fit on F?

1.079

Final R indices [/>2a(/)]

R1=0.0501, wR2 = 0.1367

R indices (all data)

R1=0.0743, wR2 = 0.1492

Largest diff. peak and hole

0.946 and —1.066 e.A*

Crystal structures of more than 500 metal complexes
including [Cu(phen)2X]" cations with 1,10-phenanthroline
and its derivatives are found in the Cambridge Database
[14]. The copper atoms are five- or six-coordinate with
similar Cu—N bond lengths to that of the title complex, with
only slight deviations. The Database contains about 160
structures of pentacyanonitrosylferrate(ll) complexes that
comprise both mono- and heterometallic compounds. The
nitroprusside anion exists either as anion or coordinates to
another metal ion (Na, Mn, Fe, Ni, Cu, Zn, Ag, Sn, Sm, Dy,
Hg) through its one, two or four cyano nitrogen atoms,
providing di- and polynuclear molecular aggregates as well

as one- and two-dimensional networks. A search for

[Cu(phen)2X]"*—[Fe(CN)s(NO)]*~ metal complexes yielded
4 hits (AFEGUP, HUKWAM, HUKWEQ, QECGAI) with
X = CI~, CN~ and phen, that were synthesized in our group.

Synthesis of [Cu(phen)2Br]z[Fe(CN)s(NO)]-DMF.
Copper powder (0.08 g, 1.25 mmol), NH4Br (0.24 g, 2.4
5 mmol), Naz[Fe(CN)s(NO)]2H20 (0.37 g, 1.25 mmol),
phen-H20 (0.50 g, 2.5 mmol), and 20 ml DMF were heated
to 323-333 K and magnetically stirred until total dissolution
of the copper was observed (70 min). The resulting green
solution was filtered and allowed to stand at room
temperature. Dark-green plate-like microcrystals of the title
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compound were formed within two days. They were
collected by filter-suction, washed with dry PriOH and finally
dried in vacuo (yield: 26 %). IR solid v(cm™): 2150m,
1900vs, 1690m, 1600s, 1520w, 1430s, 1380m, 1230w,
1150w, 1110w, 1000w, 860vs, 790w, 720vs, 680vw.

Experimental. Crystallographic data for the structure were
collected at 150(2) K on a Bruker SMART diffractometer fitted
with Mo Ka radiation. Following multi-scan absorption
corrections and solution by direct methods, the structure was
refined against F? with full-matrix least-squares using the
program [15]. The DMF solvent molecule was found to be
disordered about a crystallographic inversion centre the
geometries of which were restrained to ideal values. All
hydrogen atoms were added at calculated positions and refined
by use of a riding model with isotropic displacement parameters
based on those of the parent atoms. Anisotropic displacement
parameters were employed throughout for the non-hydrogen
atoms. The crystal data for [Cu(phen)2Br]2[Fe(CN)s(NO)]DMF
are summarized in Table 2.
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NPAMUA CUHTE3 TA KPUCTANIYHA BYAOBA AUMETUII®OPMAMIAHOIO CONbBATY
BIC(BPOMIOO-BIC(1,10-PEHAHTPOIHO)-KYNPYMY(Il)) HITPOMPYCHUAY

KamioHu [Cu(phen)2]?* (phen — 1,10-¢pbeHaHmponiH) 6ynu eukopucmani sik KOPUCHi MekmoHu 051s1 No6ydoeu 2emepomMemarsniyHux crnonyk 3 6axa-
HUMU enacmueocmsimu. Bidomi komnnekcu, ujo micmsims kamioH [Cu(phen)2X]™ ma nimponpycud-aHioH [Fe(CN)s(NO)J%,~ o6mexyromscsi 4-ma crio-
nykamu 3 X = CI- ma CN-, siki 6ynio cunme3oeaHo Haworo 2pynoro paHiwe. Hoeuli komnnekc [Cu(phen):Br]:[Fe(CN)s(NO)] C:H;NO 6yno odepxaHo e
pe3ynbmami caMo36ipku 3a y4acmio Himpornpycud-aHioHa ma kamioHa Kynpymy, w0 Micmums 6ideHmamuuli amiH, npu e3aemodii MiOHo20 nopo-
wky, Himponpycuda Hampiro, NH,Br i 1,10-¢peHanmponina e dumemungopmamioi (QUPA). Cnonyka ymeopeHa 3 okpeMux kamionie [Cu(phen):Br]*,
Himponpycud-auxioHie [Fe(CN)s(NO)]J*- ma conbeamHux monekyn QVU®A. Kamion He Mae kpucmasnozpadidHoi cumempii, amom mMemarny KoopOuHye
Jyomupu amomu Himpoz2eHy d8ox MoJieKys1 gpeHaHmMposliHy ma 6pomMid-ioH. Amom Kynpymy deMoHcmpye KOOopOUHauiliHy 2eomempito, sika € rMPOMix-
HOM MiX mpu2oHanbHo-6inipamioansHoro ma keadpamHo-nipamidanbHoro. Y Himponpycud-aHioHi, po3mawoeaHoMy e ueHmpi iHeepcil, Himpo3u-
NbHa 2pyna po3ynopsidkoeaHa 3 o0Hieto 3 2pyn CN. Monekyna po34uHHUKa maKox po3yrnopsidkogaHa HagKoJ10 yeHmpa KpucmasozpagiyHoi iHeepcil;
iT 2eomempisi 3ModenibogaHa 3 suKopucmaHHsAM iGeanibHUX NapaMempis. Y Kpucmarni crosiyKu wapu kamioHie ma maki, wo Mmicmsime aHioHu i Mosie-
kynu [JM®A, yepayrombcsi 83008X oci b. Y wapi kamioHu ymeoproromb KOJIOHKU, sIKi MOWUPHOoMbCs1 83008 oci b. CyciOHi KonoHKU aHmunapaise-
nbHi. KamioHu e KonoHUi noe'sazaHi -1 cmekiH2oM MiX KonnaHapHUMU MoJsieKynamu ¢heHaHmposiiHy 3 eidcmaHamu mix yeHmpoidamu 3,6-3,7 A.
Amowmu midi posmawoeaHo 3u23azonodi6Ho 3 eidcmarHsamu Cu---Cu 651usbko 6,94 i 8,77 A, wo yepayromscs.

Knrouoei cnoea: kpucmaniyna 6ydoea, npomixkHa koopAuHayiliHa 2eomempisi kynpymy(ll), Himponpycud-aHioH, po3ynopsidkoeaHHicmb, wapu
KamioHie ma aHioHie.
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YHuBepcuteT 3anagHoin ABctpanum

NPAMOW CUHTE3 U KPUCTANJIMYECKOE CTPOEHUE OUMETUII®OPMAMUAOHOIO COJIbBATA
BUC(BPOMMNOO-BUC(1,10-PEHAHTPOJIMHO)-MEOU(Il)) HUTPONPYCCUOA

Komnnekc [Cu(C12HsN2)2Br]z[Fe(CN)s(NO)] CsH;NO 6bi1n nonyyeH e pesysnbmame caMoc60pKu C y4acmueM HUMpONpyccud-aHUOHa U KamuoHa
medu, codepxaujeeo 6udeHmamHbIli aMuH, nNpu e3aumodelicmeuu mMedHo20 rnopouwka, Humponpyccuda Hampusi, NHsBr u 1,10-gpeHaHmponuHa
(phen) e dumemungpopmamude (M®A). CoeduHeHue cocmoum u3 omdenbHbIX kKamuoHoe [Cu(phen):Br]*, Humponpyccud-aHuoHoe [Fe(CN)s(NO)J*
u conbeamHbix Mmonekyn JM®A. KamuoH He umeem Kpucmasnnozpaguyeckoli CUMMempuu, amom Memasisia KoopOuHupyem 4Yembipe amoma azoma
d8yx MoJsieKys1 heHaHmMpPosIuHa u 6pomud-uoH. KoopduHayuoHHass ceomempusi Medu s18/151emMcsi IPOMEXYMOYHOU MexAy mpuaoHanbHO-6unupamu-
OanbHoli u keadpamHo-nupamudanbHol. B Humponpyccud-aHuoHe, HaxodsiueMcs 8 yeHmpe UHeepcuu, HUMPO3usbHasi 2pynna pa3ynopsiooyeHa ¢
odHol u3 epynn CN. Monekyna pacmeopumernsi makxe siesisiemcsi pa3yrnopsi0o4eHHol OmHocumesibHO UeHmpa Kpucmarsnsnozpaghuyeckol uHeep-
cuu; ee 2eomempusi 6bina npueedeHa K udeanbHbIM napamempam. B kpucmanne Komnsnekca cou KAMUOHOE8 U aHUOHO8 MIItoC Mosekysbl JM®A
4epedyromcsi 800/1b ocu b.

Knrouyeenie cnosa: kpucmannu4eckoe cmpoeHue, MpoMexymoyHasi KoopOuHayuoHHasi 2zeomempusi medu(ll), Humponpyccud-aHUoH, pa3ynopsi-
00YeHHOCMb, KAMUOHHbIE U aHUOHHbIE CJIoU.



