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Structure of Chlorobis(l, 10-phenanthroline)copper(II) Nitrate Monohydrate 
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Abstract. [CuCI(CI2HsN2)2INO3.H20, M r =  539.2, 
triclinic, Pi ,  a = 1 1 . 1 2 8 ( 1 ) ,  b=12 .026 (4 ) ,  c =  
9.738 (2)A, a =  108.84(2), f l=  108.54(2), y =  
67.83 (2) ° V = 1 1 1 3 . 2 ( 5 ) A  3, Z = 2 ,  Dx=1 .609 ,  
D m = 1.61~i Mg m -3, ,;I.(Mo Ktt)= 0.71073 A, /z = 
1.04 mm -~, F(000) = 550, T = 293 K, R = 0.043 for 
4161 unique observed reflections. The bidentate phenan- 
throline ligands and the chloride ion coordinate to the 
Cu" atom to form a distorted trigonal bipyramid with 
equatorial bond lengths Cu-CI  2.292(1), C u - N  
2.132 (2) and 2.091 (2)A, and two equal (within 
errors) axial C u - N  bond lengths of 1.988 (4) A. 

Introduction. The crystal structure determination of the 
title compound was undertaken in order to study the 
bond and angle distortions exhibited by the [Cu(phen) 2- 
CI] + cation (phen= 1,10-phenanthroline), a cation 
distortion isomer of the series [Cu(phen)2C1]X (X 
= anion). The stereochemistry of the five-coordinate 
[CuN4Cl] chromophore can be compared with that of 
the complex [Cu(phen)2Cl]CIO 4 (Boys, Escobar & 
Martinez-Carrera, 1981) and with that of other related 
compounds, e.g. [ Cu(bipy)2Cl]X (bipy = 2,2'-bipyridyl) 
(Harrison, Kennedy, Power, Sheahan & Hathaway, 
1981). 

Experimental. Turquoise prismatic-shaped crystals, 
density measured by flotation in carbon tetrachloride/ 
bromoform. Crystal of average dimensions 0.4 x 
0.4 x 0.3 mm used for data collection on a Philips 
PW 1100 four-circle diffractometer, 09/20 scan mode, 
graphite-monochromated Mo Ka radiation (~, = 
0.71073 A). Standard reflections showed statistical 
variations within 2%. Cell parameters from least- 
squares fit of 23 reflections with 18 < 20 5 42 °. From 
4884 unique reflections with 4.1 _< 20 _< 54.1 °, 4161 
reflections were considered observed with I > 2tr(l), 
Lorentz and polarization corrections applied, absorp- 
tion ignored. Structure solved using direct-methods 
program MULTAN80 (Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1980) and refined on 
F by block-matrix least squares with anisotropic 
temperature factors. H atoms of phenthroline mole- 
cules calculated geometrically and bonded to parent C 
atoms with C - H - - 0 . 8 9  A with their equivalent iso- 

tropic temperature factors; H atoms of water molecule 
determined from last Fourier difference map. The ten 
most intense reflections were excluded from the last 
cycles of refinement, which converged to R = 0.043 
and wR = 0.049 with weighting scheme w = (F,,/7.5) 2 if 
F o < 7.5 and w =  (7.5/Fo) 2 otherwise; S = 0 . 9 1 ,  
(A/a),,ax = 0 . 0 2  for coordinates and 0.14 for tem- 
perature factors, overall mean A / a =  0.01. Highest 
residuals in difference map were found in the vicinity 
of Cu and nitrate ions; ( A f t ) m a  X = 0.73 e A -3. 

Scattering factors for non-hydrogen atoms taken 
from Cromer & Mann (1968) and for H atoms from 
Stewart, Davidson & Simpson (1965). Values for real 
and imaginary parts of the dispersion correction of 
scattering factors for Cu and C1 atoms taken from 
International Tables for  X-ray Crystallography (1974). 
Calculations carried out on an IBM 4361 computer of 
this Faculty with the XRA Y76 system of programs 
(Stewart, Machin, Dickinson, Ammon, Heck & Flack, 
1976). 

Discussion. Atomic parameters, bond distances and 
angles are listed in Tables I and 2.* 

Fig. 1 shows the coordination geometry of the 
complex cation with the atom-numbering scheme. The 
Cu 2+ ion is pentacoordinated to the N atoms of the 
bidentate phenanthroline ligands and the C l  ion in a 
distorted trigonal bipyramidal arrangement. The Cl ion, 
N(12) and N(22), from phen(1) and phen(2) respec- 
tively, occupy equatorial positions in the trigonal base 
of the bipyramid while the remaining N(11) and N(21) 
atoms of the phenanthroline molecules occupy axial 
positions with equal C u - N  bond lengths. The 
equatorial atoms together with the central Cu 2÷ ion are 
coplanar, the major deviation from the mean plane of 
0.0046 (4)A being exhibited by the metal ion. The 
C u - N  in-plane bonds are larger than the C u - N  axial 
bonds, as previously observed in other trigonal bi- 

* Lists of structure factors, anisotropic thermal parameters of 
non-H atoms, coordinates and isotropic thermal parameters of H 
atoms, and least-squares planes have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 51000 (37 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 
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Table 1. Atom& coordinates  (x 10 4) and equivalent 
isotropic temperature factors (A-'x 103), with e.s.d.'s in 

parentheses 

x y z U* 
Cu "-2238.0 (3) 2646.5 (3) 2908.2 (4) 29 
CI -2715.8 (10) 4261.0 (7) 4898.0 (9) 62 
N(I 1) -1738 (3) 3650 (2) 2037 (3) 44 
N(12) -3674 (2) 2588 (2) 846 (3) 42 
N(21) -2726 (2) 1542 (2) 3633 (3) 42 
N(22) -636 (2) 1053 (2) 2522 (3) 38 
C(I I) -755 (4) 4162 (3) 2659 (4) 56 
C(12) -556 (4) 4938 (4) 2029 (5) 66 
C(13) -1382 (5) 5206 (3) 728 (5) 68 
C(14) -2413 (4) 4660 (3) 13 (4) 55 
C(15) -3316 (5) 4837 (4) -1379 (5) 71 
C(16) -4279 (5) 4294 (4) -1995 (4) 71 
C(17) -4445 (4) 3501 (3) -1288 (3) 56 
C(18) -5427 (4) 2882 (4) -1868 (4) 69 
C(19) -5495 (4) 2150 (4) -1099 (5) 68 
C(110) -4601 (3) 2022 (3) 252 (4) 55 
C(II 1) -3591 (3) 3318 (3) 84 (3) 43 
C(112) -2554 (3) 3889 (3) 725 (3) 42 
C(21) -3770 (3) 1816 (3) 4200 (4) 54 
C(22) -3993 (4) 957 (4) 4686 (4) 61 
C(23) -3114 (4) -214 (4) 4596 (4) 57 
C(24) -2010 (3) -540 (3) 3989 (3) 45 
C(25) -1039 (4) -1733 (3) 3838 (4) 54 
C(26) - 0  (4) -1982 (3) 3249 (4) 53 
C(27) 184 (3) -1067 (3) 2767 (3) 44 
C(28) 1266 (3) -1271 (3) 2153 (4) 53 
C(29) 1363 (4) -338 (3) 1743 (4) 57 
C(210) 393 (3) 817 (3) 1934 (4) 49 
C(211) -738 (3) 118 (2) 2916 (3) 37 
C(212) -1857 (3) 380 (2) 3524 (3) 37 
N(I) 2684 (4) 1619 (4) 968 (4) 69 
O(11) 1906 (10) 2624 (5) 1086 (9) 216 
O(12) 3400 (6) 1271 (6) 2105 (6) 158 
O(13) 2749 (6) 861 (5) -198 (5) 132 
O(1) 2505 (4) 3058 (3) 4698 (3) 83 

* Equivalent isotropic temperature factor calculated as 

v = ~ ~V, jaTay(a,.aj). 
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Fig. 1. The complex cation as viewed in the [011] crystallographic 
direct ion with  atom-numbering seheme. Ellipsoids with 5 0 %  
probability. H atoms omitted for clari ty.  

pyramidal Cu ll complexes (Huq & Skapski, 1971; 
Harrison et al., 1981). The in-plane angles differ 
significantly from the ideal 120 ° of a regular trigonal 
bipyramid, the angular distortion being much greater in 
this complex than that present in the [Cu(phen) 2- 
CI]CIO 4 analogue (Boys, Escobar & Martinez-Carrera, 
1981). The larger in-p!ane angle C1-Cu-N(22) is 

Table 2. Bond  distances (A)and angles (o), with e.s.d.'s 
in parentheses  

(a) Metal coordination 
Cu~Cl 2.292 (1) Cu-N(21) 1.988 (4) 
Cu-N(i  I) i.989 (4) Cu-N(22) 2.091 (2) 
Cu-N(12) 2.132 (2) 

N(I I)-Cu-N(12) 80.8 (1) N(21)--Cu-N(22) 81.4 (I) 
N(I I)--Cu-N(22) 95.8 (I) N(21)-Cu-N(12) 96.5 (!) 
CI -Cu-N( I  1) 91.8 (I) CI-Cu-N(21) 92.7 (I) 
CI-Cu-N(12) 119-2 (1) CI-Cu-N(22) 135.8 (I) 
N(12)--Cu-N(22) 105.0 (i) N(I I)-Cu-N(21) 175-6 (1) 

(b) Phenanthroline groups [ m =  1,2 for phen (1), (2) respectively] 
m = l  m = 2  

N(m l)-C(m 1) 1.337 (5) 1.328 (5) 
N(ml)-C(ml2) 1.357 (4) 1.360 (3) 
N(m2)-C(m 10) 1-327 (5) 1-336 (5) 
N(m2)-C(ml 1) 1.362 (5) 1-352 (5) 
C(m 1)--C(m2) 1.382 (8) 1.392 (8) 
C(m2)-C(m3) 1.361 (6) 1.373 (5) 
C(m3)-C(m4) 1.414 (6) 1.400 (6) 
C(m4)-C(m5) 1.432 (6) 1-429 (4) 
C(m4)-C(ml2) 1-400 (6) 1.405 (6) 
C(m5)--C(m6) 1.342 (8) 1.344 (6) 
C(m6)-C(m7) 1.433 (8) 1-427 (6) 
C(m7)-C(m8) 1.419 (6) 1.417 (6) 
C(m7)--C(ml I) 1-401 (4) 1.401 (4) 
C(mS)-C(m9) 1.363 (8) 1.356 (7) 
C(m9)-C(ml0) 1.388 (5) 1.399 (4) 
C(ml l)-C(ml2) 1.434 (5) 1.432 (5) 

C(ml)-N(ml)--C(ml2) 118.5 (4) 118-4 (3) 
C(mlO)-N(m2)-C(ml 1) 118.3 (3) 117-6 (2) 
N(ral)--C(ml)--C(m2) 122.5 (3) 122.2 (3) 
C(ml)-C(m2)-C(m3) 119.7 (4) 119.9 (4) 
C(m2)-C(m3)-C(m4) 119.6 (5) 119-5 (5) 
C(m3)-C(m4)--C(ral2) 117.2 (3) 117.0 (3) 
C(m5)-C(m4)-C(ml2) 118.0 (4) 118-9 (4) 
C(m4)-C(m5)-C(m6) 121-8 (5) 120-9 (4) 
C(m5)-C(m6)-C(m7) 121.3 (4) 121.5 (3) 
C(m6)-C(m7)--C(ml I) 118.5 (4) 119.2 (3) 
C(m8)-C(m7)-C(ml 1) 116.6 (4) 116-8 (3) 
C(m7)-C(m8)-C(m9) 120.0 (3) 119.7 (3) 
C(m8)-C(m9)--C(mlO) 119-3 (4) 119-5 (4) 
N(m2)-C(mlO)-C(m9) 123.0 (5) 122.8 (4) 
Y(m2)-C(m 11)-C(m7) 122.9 (3) 123-6 (3) 
C(m7)-C(ml 1)--C(m 12) 119.9 (4) 119.4 (3) 
N(m 1)--C (m 12)-C(m4) 122.4 (3) 123.0 (3) 
C(m4)-C(ml2)-C(ml 1) 120.5 (3) 120.1 (2) 

(c) Nitrate anion and water molecule 
N(1)--O(I 1) 1.186 (7) O(1)--H(I) 0.772 (3) 
N(1)--O(12) 1.234 (7) O(2)--H(2) 0-941 (4) 
N(I)--O(13) 1.208 (6) 

O(11)--N(I)--O(12) 119.0 (6) H(1)-O(1)--H(2) 111-2 (5) 
O(I 1)-N(1)-O(13) 124.1 (5) 
O(12)--N(I)--O(13) !16.7.(5) 

opposite to the longest Cu-N(12) bond distance as in 
the C 1 0  4 analogue and as in the complexes of the series 
[Cu(bipy)2CllX (X=C104;NO3.3H20) reported by 
Harrison et al. (1981). 

Chemically equivalent bond lengths and angles in the 
two phenanthroline ligands are normal and in good 
agreement with each other. The ligands are essentially 
planar with maximum deviations of the atoms from 
their mean planes of 0.029 (3)A in phen(1) and 
0.020 (2)A in phen(2). The phenanthrolines exhibit 
normal bite angles of approximately 81° causing the 
removal of N( l l )  and N(21) from their ideal axial 
positions. 

Fig. 2 shows the packing of the crystal in projection. 
The phenanthroline molecules stack over each other: 
phen(1), in position (x,y,z), presents a separation of 
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Fig. 2. Projection of the structure, parallel to the crystallographic b 
axis. 

3.41 (2)A with its corresponding centrosymmetrically 
related molecule, in position ( - x - 1 , - y , - z ) ,  with an 
overlap estimated as 33%, while phen(2), in position 
(x,y,z), is at a distance of 3.43 (1)A from its centro- 
symmetrically related molecule, in position 
( - x , - y , - z +  1), with an overlap estimated as 47%. The 
nitrate anion and water molecule are out of the 
coordination sphere of the metal ion. The water 
molecule, however, is strongly associated to the 
complex cation through the coordinated C1- ion with a 
short contact CI . . .H(2 ) -O(1 )=  3.209 (4), CI...H(2) 

= 2.286 (1) A and C 1 - H ( 2 ) - O ( I ) =  166.7 (3) °. It 
also exhibits a short contact with the nitrate ion with 
O(12) . . .n(1)-O(1)  = 2.909 (6), O(12) . . .n ( l )  = 
2.198 (6) A and O ( 1 2 ) - n ( 1 ) - O ( l )  = 153.5 (3) °. 

The author is grateful to Dr S. Martinez-Carrera 
from the Instituto de Fisico-Quimica 'Rocasolano', 
Madrid, for providing facilities for the use of the Philips 
PW 1100 diffractometer. This work was partially 
supported by the Programa Regional de Desarrollo 
Cientifico y Tecnol6gico, OEA, and by grant No. 
E2282 from DID, U. de Chile. 
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Structure of Triphenyltln(IV) Methoxyethylxanthate 
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Abstract. (O-Methoxyethyldithiocarbonato)triphenyl- 
tin(IV), [Sn(S2COCH2CH2OCH3)(C6Hs)31, M r = 
501.24, triclinic, PI ,  a = 9 . 4 0 0 ( 1 ) ,  b =  14.277 (3), 
c = 1 8 . 5 0 6 ( 5 ) A ,  a = 6 8 . 1 4 ( 2 ) ,  f l=83 .05(1) ,  7 =  
75.43 (1)% U =  2229.8 (9)A 3, MoKct radiation, 2 
=0 .71069A,  T =  295 (2)K, Ox=  1.493 (1), Din= 
1.47 (2) g cm -3, Z = 4, F(000) = 1008, /1 = 
12.32cm -~, R =0 .044  for 3435 unique reflections 
[I > 2e(/)]. There are two independent molecules per 
asymmetric unit which differ significantly only in their 
intermolecular contacts. The xanthate (ROCS2) moiety 

coordinates the tin atom via one S atom [Sn-S 
= 2.456 (3), 2.457 (3)A] together with a long inter- 
action from the O atom 1 S n - O = 3 . 1 0 7  (8), 
3-094 (8) A]. A short intermolecular contact between a 
methylene H and an ether O [H. . .O 2.47 (2)AI is 
observed. 

Introduction. The very rare S- and O-xanthate co- 
ordination mode has been observed for triphenyltin 
isopropylxanthate [Ph3Sn(iprxa)] (Tiekink & Winter, 
1986). It was therefore of interest to examine whether 
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