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The Crystal Structure of Bis(ethylenediamine)copper(II) Thiocyanate 
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The crystal structure of bis(ethylenediamine)copper(II) thiocyanate, [ C u ( e n ) 2 ] ( S C N ) 2  , has been 
determined by three-dimensional X-ray methods. The compound is triclinic with space group P i  
and cell dimensions 

a=7.352, b=9.364, c=6.585/~;  c¢=86 ° 56', f l= l13  ° 23', ~=125 ° 8'. 

The intensities were obtained from unidirectionally integrated equi-inclination Weissenberg photo- 
graphs from hOl to h51, with 276 of the 912 reflections too weak to be recorded. The structure 
was refined to an R of 0.077, individual atom anisotropic temperature factor coefficients being used 
with the Busing & Levy full-matrix least-square program. 

The arrangement of the ligands about the copper atom has the amino nitrogen atoms at the 
corners of a rectangle with a mean Cu-N distance of 2.00 A and the sulfur atom of (SCN) completing 
a distorted octahedron at the longer distance of 3-27 /~. The ethylenediamine molecule has an 
unsymmetrical gauche form with the carbon atoms + 0.16 and - 0 . 5 3 / ~  from the N-Cu-:N plane. 

Introduction 
Two t rans i t ion  meta l  ions whose coordination con- 
f igurations have been of interest  to inorganic chemists 
for m a n y  years are b ivalent  nickel and  copper. These 
ions bear  the  interest ing relat ionship tha t  with some 
l igands ident ical  s tructures are formed whereas wi th  
other l igands the  structures are different. 

The s tructure of trans-bis(ethylenediamine)bis(iso. 
thiocyanato)niekel(II)  (Brown & Lingafelter ,  1963) 
exhibi ts  some interest ing features:  first,  the  ethylene- 
d iamine molecule has the gauche form with  the 
carbon atoms symmet r ica l ly  arranged above and  
below the N - N i - N  plane;  second, the bond to the 
th ioeyanate  group is through the ni t rogen a tom as in 
other coordination compounds of metals  of the f irst  
t rans i t ion  period (Shaffer, 1959); and, third,  the val- 
ence angle of 140 ° (Ni-N-C) to the th ioeyanate  group 
is more acute t han  in any  other octahedral  th iocyanate  
complex whose s tructure has been determined.  

In view of the structural features of [Ni(en)2(NCS)2], 
it was felt that the copper compound would provide 
an interesting comparison. 

The dihydrate of bis(ethylenediamine)copper(II) 
thiocyanate has been prepared (Grossman & Schuck, 

1906) by the addition of a potassium thi0cyanate 
solution to an  alcoholic solution of bis(ethylenedia-  
mine)copper(II)  bromide. No crystal lographic da ta  
have  been reported concerning this  compound. 

Experimental 
Bis(ethylenediamine)copper(II)  sulfate was prepared 
by  the addi t ion of a stoiehiometric amount  of ethylene- 
d iamine to an  aqueous solution of copper sulfate at  
room temperature .  Conversion to the th iocyanate  

was accomplished by  adding a ba r ium th iocyana te  
solution with rapid  stirring, and  f i l ter ing off the  pre- 
c ipi ta ted bar ium sulfate. The aqueous solution was 
vacuum dried over anhydrous  calcium chloride, and  
deep blue-violet pr ismat ic  crystals  of the  anhydrous  
compound were obtained from slow cooling of a hot  
methanol  solution. The crystals are table ts  on {101}, 
elongated in the b direction. 

Cell d imension da ta  were obtained from rotat ion and  
zero level Weissenberg films, t aken  about  the three 
axes, on which the diffract ion pa t t e rn  of sodium 
chloride (a0=5"63874 A) was superimposed to cali- 
brate  the camera dimensions. The cell parameters 
are • 

a = 7.352 + 0.008 A a -- 86 ° 56' 
b =9.364 ± 0"005 fl= 113 ° 23' 
c = 6.585 __ 0.016 ~,-- 125 ° 8' 

There were no systemat ic  extinctions,  indicat ing,  
wi th  the Laue s y m m e t r y  1, t ha t  the space group is 
p robably  P1  (C~) or P1 (C1). The observed densi ty  of 
1.569 g.em-3 corresponds to a formula weight of 
297.8, which agrees wi th  the calculated formula  
weight of 299.9 for [Cu(en)2](SCN)2, indica t ing  t ha t  
there is one molecule per cell. 

Multiple f i lm equi- incl inat ion Weissenberg photo- 
graphs were t aken  about  the b axis wi th  a Nonius 
in tegrat ing camera for all  levels from the zero to the  
fifth. The singly in tegrated photographs were photo- 
metered in  a direct ion normal  to the in tegra t ion  
direction, a Moll-type densi tometer  being used. The 
in terf i lm rat io was de termined for each level f rom the  
measured values for common reflections. The intensi-  
ties were corrected for Lorentz and polarizat ion fac- 
tors in  the usual  manner .  Addi t ional  photographs 
were t aken  of the a'b* net  wi th  an  in tegrat ing preces- 
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sion camera (Stewart & Lingafelter, 1960) in order 
to scale the several Weissenberg photographs together. 
More accurate scaling of the levels was done by com- 
paring the observed structure factors with the cal- 
culated values in later stages of the structure deter- 
mination. 

A total of 912 reflections were observed, with 276 
having relative intensities 'less-than' 1 in a range of 
5000, except that  on the fifth level the minimum 
observed intensity was 5. 

The s t ruc ture  determinat ion  

The space group was assumed to be P L  and this 
choice of space group was corroborated by the struc- 
ture determination. The copper was assigned the 
position 0, 0, 0. 

The Patterson projection P(x, z) was calculated 
from the values of F~e 1 for the 61 observed non-zero 
hO1 reflections, and the prominent copper-sulfur 
vector gave an approximate sulfur position, but no 
additional structural details were obtainable. The 
electron-density projection O(x, z) was obtained with 
the phase angles determined from a structure factor 
calculation based on the copper and sulfur positions. 
This calculation, which has an R of 0-48, when com- 
pared with the final results, had 16 terms with er- 
roneous phase angles accounting for 8% of the ~Fo; 
the discrepancy index, R, is defined as 2~[[Fo[- [F~I]/ 
ZIFo] for observed non-zero reflections only. 

I t  was not possible to obtain a trial structure from 
subsequent electron-density and difference synthesis 
maps on the hO1 data. 

The atomic scattering factors used for these and all 
subsequent structure factor calculations were: for 
copper, those of Thomas & Umeda (1957); sulfur, 
values obtained by interpolation between those of 
Berghuis, Haanappel, Potters, Loopstra, MacGillavry 
& Veenendaal (1955) and Hartree (1935); carbon and 
nitrogen, Berghuis et al. (1955); and hydrogen, 
McWeeny (1951). 

The three-dimensional Patterson synthesis was then 
calculated from the values of ~e~ for the 636 observed 
non-zero hO1 through h51 reflections. Five of the 
six light atoms and the sulfur atom were located in 
this Patterson synthesis, and the remaining light atom 
from a subsequent Fourier synthesis using phase 
angles determined from a structure factor calculation 
using those atomic positions obtained from the Pat- 
terson synthesis. Successive refinement cycles were 
used to refine the atomic p~rameters and individual 
atom isotropic temperature factor coefficients to give 
a structure which, when used in a structure factor 
calculation, gave an R of 0-14. The 101, 010, and 
120 reflections were not included in these or sub- 
sequent calculations because of partial obscuring of 
the diffracted X-ray beam by the camera beam-stop. 
The value of F~ was used in place of Fo for these 
reflections in electrondensity calculations. 

The atomic parameters and the individual atom 
isotropic temperature factors were refined by two 
cycles of full-matrix least-squares refining as program- 
med by Busing & Levy (1959) for the IBM Type 704 
EDPM. The function XW(Fo-IF~[) ~ was minimized 
with a modified version of the Hughes weighting 

\.. ":',\t ~&('~35"7,,,x,'< )~ ," ,,~'~ (&~i--U-'-~k ~ ~_ u 

__ " ' - ' ]  J ~7:--~-., c:::>~ ) 
[ " ,~, |  - ' \  I\ IxJ , ,  

\ h ") 
o ~, ~ 

Fig. 1. Difference synthesis  section a t  x : 0.40 wi th  indiv idual  
a t o m  isotropic t empera tu re  fac tor  coefficients. Contour  
in terva l  0.25 e./~ -e, negat ive  contours  broken.  

Table 1. [Cu(en)2](SCN) 2 - -  .Final atomic parameters 

A t o m  x/a y/b 
Cu 0.0000 0.0000 
S 0.5945 0.2303 
17(1) 0.4142 0.2138 
17(2) 0.0765 0.1994 
17(3) --0.0403 0.1316 
C(1) 0.4959 0.2226 
C(2) 0.1582 0-3588 
C(3) -- 0.0260 0-2801 
H(1) --0.077 0.159 
H(2) 0.213 0-232 
H(3) 0.146 0.452 
H(4) 0.346 0.426 
H(5) 0.039 0.383 
H(6) --0.207 0.233 
H(7) 0.096 0-180 
H(8) --0.207 0.047 

z/c B 
0.0000 
0.3451 
0.6521 

--0-1661 
0.1859 
0.5294 

--0.0149 
0.0922 

--0.310 3.807 
-- 0.205 3.807 
--0.112 4.801 

0.115 4.801 
0.226 4.151 

--0.037 4-151 
0.346 3.254 
0.186 3.254 

Ull U22 U3s U12 U13 U23 
5"87 6"33 4.06 3-67 2.91 4.06 
6"94 9"76 6-70 5.19 5.11 6-70 
5"92 9"38 5.52 5"33 3"28 5.52 
5"23 6"46 4.21 3"46 2.68 4.21 
4"46 4.92 3.86 3.15 2.12 3.86 
2"95 5"69 4-23 2"03 1.64 4.23 
7.67 5"03 7.84 8.32 5.16 7.84 
7"24 6.11 6-28 5"67 4.68 6.28 

Note: The several U@ are l isted as U. UU x 10 2 A 2. 
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scheme (Hughes, 1941). These and subsequent cycles 
were carried out on the IBM Type 709 at the Univer- 
sity of Washington Research Computer Laboratory, 
utilizing the IBM Compatibility II program to simu- 
late the Type 704 on the Type 709 machine. 

The value of R remained at 0.14 after these two 
refinement cycles with isotropic temperature factors. 
A difference synthesis showed the presence of aniso- 
tropic thermal motion in the molecule. A section at 

x = 0.40 is shown in :Fig. 1, where the anisotropy about 
the sulfur and nitrogen atoms in the thiocyanate 
group is clearly seen. The Busing & Levy program 
was coded to convert the isotropic temperature factor 
coefficients to the form of equation (1) and two fur- 
ther cycles were carried out, refining the positional 
and anisotropic thermal motion parameters. 

exp [ -  (h2bm + hkbz2 + k2b22 + hlbz8 + klb~.3 + 12688)] (1) 
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where : bn = 2z~a .2 Un  

bi9 = 4~ea*b * Ule, etc. 

The value of R reduced fur ther  to 0.077 b y  the  
corrections for the anisotropic the rmal  mot ion of the 
atoms. 

For  these f inal  computat ions,  the hydrogen a tom 
positions were calculated assuming a te t rahedra l  con- 
f igurat ion about  the carbon and  ni t rogen atoms in  
the  e thylenediamine  group, and  C - H  and  17-H dis- 
tances  of 1.075 and  1.005 ~ ,  respectively,  and  an  
isotropie tempera ture  factor approx imate ly  equal  to 
the  isotropic tempera ture  factor of the carbon or 
ni t rogen a tom to which the hydrogen a tom is at tached.  

o c-" (.\ A 

c__.:, o-xo,: : ; : . -- : --- :c-- t  
k, -,-" ~ : ~ - ~ - - " ~  \ (N(~)~.J- -"-~',k 

\<4"-; :',k ~ - ~  / _ ( ( "  ~ -'.\'_-:4,'// /J "q  

<-:-> 
0 b ~ 1 

Fig. 2. Difference synthesis  sect ion a t  x = 0.40 wi th  individual  
a t o m  anisotropie  t e m p e r a t u r e  fac tor  coefficients. Contour  
in terva l  0.25 e./~ -2, nega t ive  contours  broken.  

A difference synthesis  section at  x = 0.40 calculated 
from the results  of the  f inal  re f inement  cycle shows 
the degree of correction for the anisotropic the rmal  
mot ion of the  sulfur  and  ni t rogen atoms in  the  thio- 
cyanate  group (Fig. 2). The posi t ional  and  the rmal  
mot ion parameters  for this  f inal  calculat ion are l is ted 
in  Table  1. A list  of the 912 observed and  calculated 
s tructure factors from this  f inal  calculat ion is given in  
Table 2. Table 3 l ists  the agreement  for selected 
groups of reflections, where R* includes IFmin/2] and  
IFmln/2l-IFc I for those reflections wi th  Fc greater 
t h a n  Fmin. 

Table  3. Agreement for selected groups of reflections 

Group /~ ~* 
hk0 0.083 0.101 
Okl 0.082 0.090 
hOl 0.061 0.070 
hll 0.064 0.081 
h21 0.089 0.108 
h31 0.078 0.098 
h4l 0.075 0.097 
h51 0.097 0.120 

Overall 0.077 0.096 

A structure  factor calculat ion based on the  f inal  
parameters  for the (010) project ion had  an  R value 
of 0.061. An electron-densi ty  project ion on (010), 
using the phase angles de termined from this  s t ructure 
factor calculation, is shown in Fig. 3. A representat ion 
of the structure projected on (100) is shown in Fig. 4. 

C(2)' 

H(7)' 

C(2) H(6)' 

~--. 8,,,,,,. ~(2) 
H(1) 

CO) 
C(i 

H(:~)' 

H (7) 

S 
o 

N(11 

~ sin  

~2 C sin ~ C(2f 0 C(2) 

Fig. 3. Final electron-density projection on (010). 
Contour interval 2 e./~ -2 (except at Cu and S centers), lowest contour 4 e.A-% 



258 STRUCTURE OF BIS(ETI-IYLENEDIAMINE)COPPER(II) THIOCYANATE 

® 

Fig. 4. Representation of structure projected on (100) plane. 

Discuss ion  

The arrangemen~ of the ligands about the copper 
atom in [Cu(en)~](SCN)~ has the four short bonds and 
two long bonds frequently encountered with Cu e+ 
ions. The four amino nitrogen atoms are located at 
the corners of a rectangle with a mean Cu-N distance 
of 2.00 J~. The sulfur atom of the thiocyanate group 
completes a distorted octahedron at a distance of 
3-27 J~. The nearest thiocyanate nitrogen atom to 
the copper atom in [Cu(en)e](SCN)e is much too far 
at 4.07/~ to be considered in the coordination sphere. 
The interatomic distances and angles are shown in 
~ig. 5 and 6, where the standard deviations were ob- 

2.96+_.0.03 
N(3)~, z ) N I ( 2 ) , . ~ , ,  ° 

% ,¢ 

_c , ,  2,1 I~ 
.,6 '~. z._ ~1 .,"~ .~ 

/ 

N(2)' N(3) 

Fig. 5. Interatomie bond lengths and angles 
in the ethylenediamine ring. 

S 1"6~0"02 1.16+0.03. ' 

/ / I\ '"  \ 9o 
I ',--[ 

o,.I 91 ~ ~. 

/ ~ "  _-- '  . . . .  ,, )9J'3 ° x : ~ ' -  

(2),_~ ~ ~ ~ , x ~ 

N~ 2"96±0'03 N(3) 

Fig. 6. Interatomie bond lengths and angles in the thiocyanate 
group and the coordination octahedron. 

rained from the estimated atomic positional errors 
calculated by the Busing & Levy least-squares pro- 
gram. 

The observed Cu-N bond lengths in the ethylene- 
diamine ring of 2.02 and 1-99 ~ agree with the 
Cu-N(en) bond lengths in [Cu(en)3](NOs)2 of 2-02 and 
2.01 /~ (Komiyama & Lingafelter, 1964), 1.98 and 
1-99 A in [Cu(en)2(H20)C1]C1 and 1.97 and 1.98 A 
in [Cu(en)2(H20)Br]Br (Mazzi, 1953). 

These Cu-N(en) distances may be compared with the 
Cu-N(proline) distance of 1.99 _~ in [Cu(CsHsO~N)2]. 
2H20 (Mathieson & Welsh, 1952), Cu-N(NH3) dis- 
tances of 2.06 and 2.04 A in [Cu(lk~Hs)4]SOa.H20 
(Mazzi, 1955), 2.05 A in :NH4[Cu(NH3h](C104)8.NH3 
(Bukovska & Porai-Koshits, 1960b), and Cu-!N(NCS) 
of 2.10 2~ and Cu-N(py) of 2.12 _~ in [Cu(py)2(NCS)2] 
(Porai-Koshits & Tishchenko, 1959), 1.96 and 
2.02 /~ for the Cu-N(succinonitrile) distance in 
[Cu(sucnit)2](N08)2 (Kinoshita, Matsuhara & Saito, 
1959), and 2.04 A for Cu-N(NH3) in [Cu(NHs)a][PtC14] 
(Bukovska & Porai-Koshits, 1960a). 

In [Cu(en)2](SCN)2, the sulfur atom of the thio- 
cyanate group completes the coordination sphere of 
the copper atom. The sulfur atom is almost perpen- 
dicular (89 °) to the (en)N-Cu-N plane. The observed 
Cu-S(SCN) distance of 3.27 A in [Cu(en)2](SCIq)2 is 
significantly longer than the Cu-S(SCN) distance of 
3.0 A in the binuclear [Cu(py)2(NCS)2]. The sum of 
the square dsp 2 radius for copper(II) of --- 1.30 A and 
the van der Waals radius for sulfur of 1.85/~ (Pauling, 
1960) equals 3.15 _~, which is approximately the ob- 
served distance. 

The longer distances in the four-and-two complexes 
of copper have been observed in Cu~CI(OH)3 (Cu-Cl= 
2.76 J~) (Wells, 1949), [Cu(NH3)4]SOd.H20 (Cu-O= 
3-37 ~) (Mazzi, 1955), I~Hd[Cu(1NH3)4](C104)3.NHa 
(Cu-I~H3 = 3.75 /~) (Bukovska & Porai-Koshits, 
1960b), [Cu(en)9(H~O)C1]C1 ( C u - 0 = 2 . 6 8  J~ and 
Cu-C1=2.89 A) and [Cu(en)2(H20)Br]Br (Cu-O= 
2.78 _~ and Cu-Br=3.00 /~) (Mazzi, 1953), and other 
compounds. 

The 85 ° I~I-Cu-:N bond angle in [Cu(en)2](SCN)e 
agrees with the angle of 86 ° in [Cu(en)8](NOa)2, 89 ° in 
[Cu(en)2(H20)C1]C1, and 90 ° in [Cu(en)e(H20)Br]Br. 
The single-bond C-C distance in the ethylenediamine 
molecule of [Cu(en)2](SCN)e of 1-56 _~ is within one 
standard deviation of the 1.55 J~ distance in [Cu(en)8] 
(N08)2, 1.51 /~ in [Cu(en)2(HeO)C1]C1, and 1.53 2~ in 
[0u(en)2(tt~.0)]~r]]~r. 

Unlike the symmetrical gauche form observed in 
nickel and cobalt ethylenediamine complexes (Brown 
& Lingafelter, 1963), the spatial configuration of the 
ethylenediamine ring in the copper compounds has an 
unsymmetrical gauche form. This asymmetry in 
[Cu(en2)](SCN)~ has one carbon atom +0-16 A from 
the N-Cu-N plane and the other carbon atom at a 
greater distance of -0.53 ~. The asymmetry in other 
bis(ethylenediamine)copper(II) complexes has observed 
distances of +0.16 and -0 .35  _~ in [Cu(en)2](NO3)~ 
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(Komiyama & Lingafelter, 1964), and +0.37 and 
-0 .68  J~ in [Cu(en)2][Hg(SCN)4] (Scouloudi, 1953). In 

[Cu(en)2(tt20)C1]C1 and [Cu(en)2(H20)Br]Br 

(1V[azzi, 1953), the asymmetrical gauche ethylene- 
diamine molecules have one carbon displaced + 0 .06/ l  
toward the water molecule and the other carbon atom 
displaced -0 .53  A toward the chloride ion and 
-0 .49  Ji toward the bromide ion. 

The orientation of the thiocyanate group in the 
structure of [Cu(en)2](SCN)~ is unique in the reported 
coordination compounds of the thiocyanates. The co- 
ordination octahedron or tetrahedron is completed by 
the nitrogen atom of the thiocyanate group in com- 
plexes of the first transition row of metals and by the 
sulfur atom in complexes of the metals of the second 
and third transition rows (Shaffer, 1959). In com- 
pounds as Co(py)2(SCN)2 and Cu(py)2(SCN)2 (Porai- 
Koshits & Tishchenko, 1959), D-[Pt2(SCN)2C12(PPr3)2] 
(0wston & Rowe, 1960), and the di-(2-thioimidazoli- 
dine) complexes of lead and cadmium thiocyanates 
(Cavalca, Nardelli & Fava, 1959) we have examples of 
the coordination to both ends of the thiocyanate 
group by alternate metal atoms. 

The N-C and C-S distances in the linear thio- 
cyanate group of 1.16 and 1.62 /i, respectively, in 
[Cu(en)2](SCN)2 agree with the values of 1.20 and 
1-64 J~ in [Ni(en)2(NCS)2] (Brown & Lingafelter, 
1963), 1.20 and 1.60 A in [Ni(NH3)4(NCS)9] (Iukhno 
& Porai-Koshits, 1957), 1.13 and 1.67 /l  in 

[Ni(NHs)8(NCS)2] 

(Porai-Koshits, Iukhno, Antsyshkina & Dikareva, 
1957), and 1.23 and 1.59 J~ in K2[Co(NCS)4] (Zhdanov 
& Zvonkova, 1950). These distances agree with the 
covalent distances of 1.22 and 1.56 A in H3C-NCS 
and 1.21 and 1.61 A in H3C-SCN (Beard & Daily, 
1949), 1.22 and 1.56 _~ in HNCS (Beard & Daily, 
1950), and 1-13 and 1.69 /l  in Se(SCN)2 (Ohlberg & 
Vaughan, 1954). 

The nearest intermolecular distances from the 
[Cu(en)2](SCN)2 molecule centered about (0, 0, 0) are 
listed in Table 4. Atoms labeled N(1), C(1), etc. are 

Table 4. [Cu(en)9](SCN)2- iVearest neighbor.~ 

Atom in Translation 
molecule at 1%Tearest vector of 

(0,0,0) n e i g h b o r  Distance neighbor atom 
Cu N(1)' 4.07/l 0,0,1 
S C(3) 3"59 1,0,0 
N(1) ~q(2) 3.09 0,0,1 
}{(2) C(2)' 4.31 ],l,1 
N(3) N(1)' 3.30 0,0,1 
C(1) C(3) 3-75 1,0,1 
C(2) :N(1)' 3.49 1,1,1 
C(3) C(1)" 3-97 1,1,1 

located at the coordinates given in Table 1; atoms 
labeled N(1)', C(1)' etc. are related to this set by the 
symmetry center at (0, 0, 0). The translation vector 

relating the nearest neighbor to the corresponding 
atom in the molecule centered on (0, 0, 0) is also listed. 

The computations on the I B ~  Type 650 and 709 
were made possible by an unsupported research grant 
by the Research Computer Laboratory at the Univer- 
sity of Washington, and the authors wish to ac- 
knowledge this support with sincere thanks. 
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