
2893 

THE CRYSTAL AND MOLECULAR STRUCTURE 
OF BIS(ETHYLENEDIAMINE) COPPER(I1) SELENOCYANATE 

Viktor VRABEL, Jan LOKAJ and Jan GARAJ 

Deparrment a/Analytical Chemi.llr)" 
Slovak IlIstitLlte a/Technology, 81237 Bratislm'a 

Received June 3rd. 1982 

Thc crystal structure of [Cu(en)2](SeCN}z wa s solved by thc heavy atom method and refined 
by the least squares method usi ng the full matrix and anisotropic thermal parameters to a valuc 
of R = 0'063 for 660 observed reflec ti ons. The crystals arc triciinic. with a space group of 1'1 
and la llicc parameters of a ~~ (,.6(-.0(2), b = 9'360(2). c = 7· 754(2) . JO - J 0 m. ex 129'22(2), 
fJ = 109'87(2) and y = 92' 38(2t , Z = T. Thc structure con~is t s of discrete molecules that are 
centrosymmetric. The Cu(l]) atom occupies a special position at thc centre of symmctry and is 
coordinated by 4 nitrogen atoms from two bidentate ethylenediamine molecules: C- N 1'999(8) 
and 2'033(8). 10- J 0 m and angle N I--Cll- N2, 84' l(3 t . Thc selenium atom in the SeCN 
group completes this square planar arrangement to form a deformed octahedron a long the longer 
Cll ... Se distance of 3'263(2) . 10 - J 0 m. The ethylencdiamine molecule has a non-symmetrical 
gauche arrangement with the carbon atoms CI and C2 + 0·542 and - 0'095. IO - JO m above 
and below the NI - Cu- N2 coordination plane, rcspectively. 

--- ------------

Bivalent copper and nickel form a number of interesting coordination compounds. 
The close positions of these elements in the periodic system suggest certain analogies 
in the chemistry of coordination compounds of Cu(JI) and Ni(lI). A detailed study 
revealed that they formed identical structures with some ligands and considerably 
different structures with other ones. 

Solution of the structures of two analogous compounds, Cu(en)2[(SCN)J (rer. l
) 

and Ni( en)2[(SCN)2] (ref. 2) revealed interesting differences in their symmetries 
and ligand bonding properties: 1) The ethylenediamine molecu les have a gauche 

asymmetrical arrangement of carbon atoms above and below the N- M- N plane in the 
former compound, while this arrangement is symmetrical in the latter; 2) the bond 
between the central atom and the thiocyanate group in the former compound is 
through the sulphur atom on the long coordinate and in the latter through the nitro
gen atom; 3) The valence angle in the thiocyanate group, 140°C (Ni-N-C), is sharper 
than in other octahedral thiocyanate complexes whose structures have been solved. 

As the SeCN- anions have stronger reduction properties than the SCN- anions, 
the presence of a nitrogen donor in the coordination sphere is a necessary condition 
for formation of selenocyanate copper(II) complexes. This a-donor is a good stabilizer 
of the copper oxidation state by preventing electron transfer from the anionic ligand 
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to CU(lI) by decreasing the effective posi tive charge on the divalent copper. In general , 
tetrago nal coordination formed by four nitrogen atoms in the equatorial plane is 
a necessary condition for the redox stability of Cu(II) in its complexes. This square 
plan ar coordination is usually completed to form a deformed octahedron with 
various axia l di stortion. 

A special case con sists of complexes with te travalent bulky ligands, e.g. [Cu(tren)' 

.(CN)2](BPh4 )2 (reU) and [Cuz(mdien)z(CN)](CI04 ) 3 (ref. 4
) (tern = 2,2',2"-tri

aminotriethylamine and mdien = 5,7,7',12,14,14' -hexamethyl-] ,4,8, 11-tetraza-cyclo 
tetradeca-4,11-diene), in which the steric conditions in the polyamine ligand are 
deformed by the square planar arrangement of the Cu(lI). This is then changed 
to trigonal pyramida l, which then becomes trigonal bipyramidal as a result of bonding 
of a pseudo-halide ligand in the axial directi on . 

EXPERIMENTAL 

[ Cu(enhl(SeCN)z was prepared by mixing an aqucous solution of CuS04 .5 H 20 with a con
centra ted ethy lcncdiamine so lution and subsequent addition of an aqueous KSeCN solution. 
The blue-purple so luti on produced was left to crystallize at a bout 25°C. After about 20 h. 
fl a t crysta ls bcgan to be formed in the solution, which had a component molar ratio of Cu 2 + : 
: en : SeCN - of I : 2· 5 : I· 5; thcse crystal s were filtered off under vacuum and rinsed with tetra
,chloromethane, The crystals are readily soluble in water and o ther polar solvents. 

The p re nt contents of N, C and H were determined using a model 11 02 CHNO ana lyzer, 
Carl o Erba, Co pper was determined complexo mctrical ly usi ng murexide indicator afte r decom
positi Jn of the sa mple with sulphuric ac id and pota ssium peroxide. The solu tion was evaporated 
to dryne,s and the residue was d issolved in distilled water; the pH was adjusted and the solu tion 
titrated. Amlysis for C2H'6CuN6Se (939,7): calculated: N 21'35%. C 18' 30%, I:l '!'IO%, ell 
16' 14% and found N 20·92%, C 18·29%, H 4'09%, CuI6·28%. The crysta l density Do= 2·05 Mg, 
. m- 3 was found at room tempe ra ture by the flotation method (bromoform- tetrachloro methane ) 

TABLE I 

Basic crystall ographic da ta for [C u(en)2 1(SeCNh 

Crystallographic 
system 

Space group 

Dimensions of a unit 
Cell and standard 

deviations 

Triclinic 

pI 

a = 6'660(2) . 
.10- 10 m 

b = 9'360(2) . 
c = 7'454(2) . 
C( = l29'22(2t 
p = 100'87(2) 
y = 92'38(2) 

Volume of a unit cell V = 329,7 . 10 - 3 

nm 3 

number of formula Z = 1 
units 

measured density Dm = 2·05 Mg m - 3 

calculated density Dc = 2'09 Mg m - 3 

number of electrons F(OOO) = 191 
per unit cell 
Linear absorption Jl = 9·9 mm- 1 

coefficient 
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The cal : ulatcd density for a single formula unit per unit cell yie lded Dc = 2·09 Mg m - 3 . The 
rema in ing ba sic crystallographic data a rc given in Tabk I. 

The latt ice parameter values obtained from rotation and Weissenberg films were refined 
on a Syntex P2! d iffractometer by the lea, t squares meth od on the ba sis of 10 precisely centred 
reflectio ns. 

A crysta l with dimensions of 0· 1 X 0·2 X 0·2 111m was sckcted to yield the basic crysta llo
graphic data for intensity measurement s. The int eg ral int en,ities were measured on a four-ring 
computer-con trolled Syntex 1'21 dilTract omcler equipped witll a scint illa ti on countcr a nd pulse
-height anal yzer. M onochromatic CuK a ra d iati on wa s cmpl oyed for the mea,urement s a nd the 
intensities were recorded in the range 0° < 20 ~ 1100. Of the total of 687 recordcd reflections, 
660 were classified as obse rved with J ~ 1·96a (1). The crys tal wa s recentred (repea ted refinement 
of the orientation matrix describin g the or ienta ti o n of the reciprocal of the cry>ta ll ographic 
coordinate system with respect to the Cartesian sy, tc l1l prcci ,c ly connected with the difl'racto
mete r). after each 90 intemity measurement s. All the intcmities were corrected for Lorentz 
and polarization factors a nd converted to an absolute sca le by the Wibon method . No co rrection 
was made for absorptio n (/I = 9·9 mm - 1). 

Structure Solution and Refinement 

Two possible space groups PI and PI. followed from the measured rcBecti on intenbities (no sys te
matic exti nct ion was obse rved). The positions of the Cu and Se atoms were localized in three
-dimensional Patterson synthesis calcu la ted for 660 observed non-zero reflecti ons. The central 
copper a tom was assigned positi on (0,0,0) resulting in centrosy mmetric space group PI. Fourier 
synthesis phased from the contribution s of these two hea vy atoms indicated the positions of the 
other nonhydrogen atoms in the complex. 

The structure was refined in 3 cycles by the least squarcs method using the ful l matrix, iso
tropic thermal parameters for the nonhydrogcn atoms and the Cruickshank weighing schemes, 
IV = (a + IFol + bIFoI2) - 1/2 where a = 1·4 a nd b = 0·004 to yield a va lue of R = 0·17. In the 
next 6 refinement cycles, an isotropic thermal vibrat ions of all the a toms were assumed that 
were refined together with the positional parameters by the least squares method using the mini
mization function "LW(IFol - IFcl)2 in 9 X 9 block-diagona l approximation leading to a de

crease in the R-factor, defined as "LIIFol - 1'''e II /ITol, to a va lue of 0·09. 
Introduction of the hydrogen atoms of ethylenediamine into the structure , whose positions 

were ca lcu lated assuming sp3 hybridization of the carbon and nitrogen a toms (Table II) decreased 
the R factor to a fina l va lue of 0·063. The positions of the hydrogen atoms were not refined. The 
shifts of a ll the positional pa rameters in the last refinement cycle were less than O· J a .-Differential 
Fourier synthesis of the residual elect ron dcnsity did not exhibit significant fluctuations; the largest 
maximum, 1.2.103 e nm- 3 , appeared at si tes corresponding to the positions of the selenium 
atoms. The scat tering curves for the neutral atoms were taken from the Table I (ref. 6

) . 

The refined fractiona l coordinates of the non-hydrogen atoms and their anisotropic tempera
ture parameters are given in Table. III and IV. The interatomic bond distances and valence 
angles with standard deviations are listed in Table V. The composition of the unit cell projected 
Onto the (001) plane is depicted schematicall y in F ig. I. The calculations were carried out on a n 
XTL Syn tex P2! module and using a Siemen s 4004/ 150 computer. 

Structure Description and Discussion 

It followed from the results of the X-ray structural analysis that compound [Cu(en)Zl 
.(SeCN)2 is isostructural with its thiocyanate analogue! and significant differences 
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were found only in some bond angles and distances in the ethylenediamine mole
cules. 

The crystals are formed of discrete [Cu(en)2](SeCN)2 molecules that are centro
symmetric with the Cu(H) atom at the centre of symmetry (0, 0, 0). The copper atom 
is coordinated by two pairs of nitrogen atoms of two bidentally coordinated ethylene
diamine molecules. The geometry of the coordination sphere of CuN4 is thus com
pletely planar. The selenium atom of the SeCN group completes this square-planar 
arrangement to form a deformed octahedron, bonded along the long coordinate 
in the axial direction with a Cu-Se distance of 3'263. ]0 - 10 m. The Cu- Se distance 

TABLE II 

Calculated positional parameters (x 104
) of the hydrogen atoms 

Atom x y z 

HA(NI) 3 127 2342 8 11 
H2(NI) 1 97 1 264 - 2144 
H3(N2) - 1 820 2548 2120 
H4(N2) - 3487 930 - 932 
H5(CI) 1 168 3 136 - 1325 
H6(CI) - 1178 904 - 3383 
H7(C2) 448 4470 2150 
H8(C2) -2 198 3504 - 477 

TABLE III 

Refined positional parameters (x 104
) for the non hydrogen atoms (standard deviation given 

in brackets) 

Atom X Y Z 

Cu o 000 0000 0000 
Se 3495(2) 3 577(2) 6029(3) 
NI 1593(13) 1288(11) - 703(16) 
N2 - 1 845(13) 1 785(12) 485(17) 
N3 6609(16) 1977(13) 4021(18 
CI 175(18) 2008(15) -1539(19) 
C2 - 838(18) 3092(15) 214(24) 
C3 5428(15) 2 655(14) 4870(19) 
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corresponds to the sum of the van del" Waals radii? of selenium, 1·97 . 10 - 10 In, 

and Cu , 1'30 .10 - 10 m, equal to 3'27.10 - to 111 , which is roughly the observed 

distance. Kivekas 8 came to a similar conclu sion in investigation of the complex 
compound [Cu(amp)2](SeCN)2 , where amp = 1,3-d iamin o-2-propanol, in which 
the se lenium atoms li e in the axial direction at a di stance of 3·113. 10 - 10 m . In COI1-

FIG. 1 

Projection of the structure of [Cu(enhj · 
(SeCNh onto the (001) plane 
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trast, Pajunen and Korvenranta9 found for the compound [Cu(den)2](NCSe)2 
(den = N,N'-dimetbylethylenediamine) that the selenocyanate group is bonded 
through the long coordinates by the nitrogen atoms at a distance of Cu ... NCSe = 

= 2.553.10- 10 m. The selenium atom is almost perpendicular to the Cu(II)N4 (en) 
coordination plane (Table VI). the bond angle N-Cu(I)-N value of 84° 
in [Cu(en)z](SeCN)2 is in agreement with the values found for the compounds 
[Cu(en)zJ(SCN)z, 85° (ref. l

), [Cu(en)z](N03)z, 86° (ref. 10
). and [Cu(en)z(N03)]. 

.(SeCN), 86° (ref. 1 1). 

In contrast to the symmetrical gauche conformation of the ethylenediamine mole
cule, often observed in complexes of Ni(II) and Co(III) (ref. 1Z 

- 16), the gauche Con
formation of this compound is unsymmetrical with carbon atom Cl and C2 0·542 . 
. 10- 10 m above and 0·095. 10- 10 m below the NI- Cu(Il)-N2 coordination 
plane, respectively (Table VI). 

The selenocyanate ion in [Cu(en)2] (SeCN)2 is practically linear, with a Se-C-N 
bond angle differing only sligbtly from 180°. The Se-C and C- N bond distances 
of 1·763 . 10- 10 m and 1·149 . 10- 10 m, respectively, are in good agreement with the 
values found for the three given selenocyanate compounds of divalent copper. Because 
of its ionic character, [Cu(en)2](SeCNh is readily solll~le in water and other polar 
solvents. 

Bonding Properties and Coordination Ability of the SeCN Ligands 
in Compounds of Mono- and Divalent Copper 

It follows from our calculations and the studies of Wagner l7 and Norbury 18 that 
the behaviour of the selenocyanate ion lies between those of the thiocyanate and 
cyanate ions. The charge distribution is such as to favour coordination through 

TABLE V 

Bonding distances (m . 10- 10) and angles (0) in [Cu(en)z](SeCNh 
(standard deviations in brackets) 

Cu- Se 3·263(2) Se- Cu- NI 
Cu- NI 1·999(8) Se- Cu- N2 
Cu-N2 2·033(8) NI- Cu- N2 
Se- C3 1·763(9) Cu-Se-C3 
NI-CI 1·398(13) Cu- NI- CI 
N2-C2 1·531(14) Cu-N2-C2 

N3-C3 1·149(13) NI-CI-C2 
CI-C2 1·507(16) N2-C2-CI 

S~C3- N3 

89·3(2) 
86·3(3) 
84·1(3) 
79·3(3) 

110·2(6) 
107·1(6) 

107·2(9) 
109·4(8) 
177-0(9) 
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selenium but the charge on the nitrogen is also sufficient to permit coordination 
in this manner. 

It follows from the crystallochemical analysis of the bonding properties of the 
selenocyanate ligand, obtained from two cuprous-cupric compounds, Cu 3(en)2' 
(SeCN)z(CN)2.H20 (reL I9 .20) and Cu3(en)z(SeCN)(CN)3.H20 (reL20) and one 
cupric compound, [Cu(enMN03)]SeCN (reUI), as well as 011 the basis of the results 
of two solved cupric structures, [Cu(amp)2](SeCN)2 (ref. S

) and [Cu{den)2](NCSe)2 
(ref. 9

), that, compared with the SCN and OCN groups, the selenocyanate group has 
coordination properties very similar to those of the thiocyanate ligand. The SeCN 
group can act in compounds as a ligand (coordinated) and as an ion (not bonded 

TABLE VI 

The values of the coefficients of the equation of the planes (x 104
) AX -1- BY + CZ = D and de

;ignation of atoms through which the plane is constructed by the least squares method 

Plane Atoms defining the plane 

Nl, N2. Cu 
NI, NT, Cu, Se 
N2, N2, Cu, Se 

A 

- 2323 
7539 
7041 

B c D 

- 457 - 9816 0000 
- 6516 - 842 0000 

6 818 - I 982 0 000 

Distances of some atoms from the plane (m . 10 -10) 

Plane Nl 

1·9880 

N2 

-2'0182 

CI 

0·5425 
-i'2266 

2' 3443 

Angles between planes (0) 

Plane angle 

1-2 93-6 
1-3 90·1 
2-3 84·1 
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to the central atom). Coordination of the selenocyanate ligand to the central Cu(1) 
or Cu(lI) atom may occur through the selenium or nitrogen monofuctionally, as 
a bridge through the selenium and nitrogen atoms simultaneously, or through the 
selenium atom to two central copper atoms as in the compound Cu 3(en)2(SeCN) . 

. (CN)3· HZO . 

The selenocyanate group is bonded differently in each of the five known crystal 
structures. This fact indicates the great variability of bonding abilities in the seleno
cyanate ligand which is generally less willing to enter into bridging bonds and which 
is preferably coordinated to the central copper atom through the nitrogen atom. 

Coordination of the SeCN group through the selenium or nitrogen atom involves 
difTerent bond angles. The N - Se - C bohd angle varies around the tetrahedral 
value (e.g. in Cu3(en)z(SeCNMCN)2.HZO it equals 99'9°, 96·6° and 93·0° in Cu 3(en) . 
. (Se(CN)(CN)3.H20) and the M - N -C bond angle approaches the linear value 
(e.g. in Cu 3(en)z(SeCN)z(CN)z.H l O it equals 161·8" and 159'0°). Differences in the 
M- N- C bond angle were observed in both terminal and bJ idging coordination 
of the selenocyanate ligand. 

The SeCN group in the crystal structures is not completely linear and the values 
of the N- C- Se bond angle diller significantly from J 80°. A marked decrease 
in this angle was observed in both cuprous-cupric compounds. The values of the 
N-C- Se bond angle varied around 175°. 

The internuclear distances of the C- N atoms in the SeCN group varied around 
a value of 1'13.10- 10 111. The minimal value of this distance, 1'12.10- 10 m, was 

observed in the compound Cu 3(en)z(SeCN)(CNh.HzO and maximalv~!lues, 1'15 . 
. 10- 10 )11 in the compound CU3(en)z(SeCN)2(CNh.HzO. The internuclear distance 
Se- C differed little from a value of 1,80.10- 10 m. It follows from data 8 ,9,11.19.20 

for known crystal structures of selenocyanate compounds that the SeCN ligand is 
bonded by a maximum of two coordination bonds through the nitrogen atom. Com
bination of these alternatives leads to 6 theoretically possible ways of bonding the 

selenocyanate group: 

NCSe - M-NCSe M-SeCN M-NCSe M-Se-M M-NCSe-M 
I I I 

M C M 
I 
N 

(a) (b) (c) Cd) (e) (f) 

Of these possibilities, so far only (J) has not been observed in the coordination 
of the SeCN ligand in compounds of )11ono- and divalent copper. The free nitrogen 
atom in variation (a) or (c) can also participate in weak hydrogen bonds, as, e.g .. 
in Cu3(en)z(SeCN)(CN)3.HZO and [Cu(en)2(N03)] (SeCN), where there is inter-
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molecular contact between the SeCN group and the ethylenediamine m o lecules 
(SeCN .. . H- N). 

Bridging coordination of the selenoeyanate ligand , types (d) and (e) , was found 

in two cuprous-cupric compounds. A tendency toward s coordination through the 
se lenium atom predominates in these difTerent types of bridging coordination of SeCN 

ligand s. A change in the bridging method of coordination o f the sc lenocyanate group 

in the compound Cu 3(enh(ScCN)(CNh-H 20 results from a change ill the number 
o f cyanate ligands present in the coordination sphere of the Cu(I) atom. Because 

of the gra ter length of the selenocyanate group compared to the CN group, the bridg

ing type of bonding of ---SeCN-- in Cu3(enMSeCN)(CNh.H20 is unsuitable 
in the most close ly packed arrangement of atom s ill the unit ce ll of the crystal. 

The shorter bridging bond through the selenium atom , ·- Se- , becomes more favour
able, where the sum of the bonding distances (~5 . 10 - 10 m) is approximately eq ual 

to the sum of the covalant di stances - C- N--N. 

So far, the bonding distances and coordination abi lity of the selenocyanate ligand 

have been treated to a relatively small degrce becau se of the sma ll amount of experi
mental data so far obtained on the SeCN complexes of mono- and bivalent copper. 
More experimenta l information on the structure of selenocyanate compounds 

of mono- and divalent copper will be required before more genera l conclus ions can be 

drawn on the properties of these compounds. 
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