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Bis(ethylenediamine)bis(dodecylsulphato)copper(II) can be crystallized from absolute ethanol. The crystals 
are triclinic, space group P1, a = 5.608 (1), b = 8.247 (1), c = 21.381 (3) A,, a = 97.30 (3), fl = 95.07 (3), 
y = 104.17 (3) °, V = 943.7 A 3, D m = 1.24, D x = 1.26 g cm -3 for Z = 1. The intensities of 4448 unique 
reflexions were measured with an automatic diffractometer using Mo Kt~ radiation. The structure was solved 
by standard Fourier methods and refined by full-matrix least-squares methods to a final R of 0.036 for 2858 
reflexions with I > 3a(I). The Cu atom lies on a centre of symmetry. It is planar four-coordinated by the N 
atoms of two ethylenediamine ligands at a mean distance of 2.007 (2) A. Two O atoms of the dodecyl- 
sulphato ligands occupy axial positions, 2.517 (2) A from the Cu atom. In addition to the Cu-O bond, there 
are two intramolecular hydrogen bonds from each dodecylsulphato ligand to the bis(ethylenediamine)- 
copper(II) moiety. The dodecyl chains are extended and form a highly ordered interdigitating structure. The 
non-bonded distances between the C atoms in one dodecyl chain and the closest C atoms in a neighbouring 
chain are in the range of 4.196 (5) to 4.301 (5) A. The title compound is an example of the complexes formed 
between detergent anions and the bis(ethylenediamine)copper(II) ion in a recently published method for trace 
anionic detergent analysis. 

Introduction 

Analytical methods for the determination of anionic 
detergents most commonly involve the solvent extrac- 
tion of an association complex formed between 
detergent anions and a cationic reagent. The reagent 
may be either an organic dyestuff such as the 
methylene-blue cation (Standard Methods for the 
Examination of  Water and Wastewater, 1971) or a 
substitution inert metal chelate such as the tris(1,10- 
phenanthroline)copper(II) cation (Le Bihan & Courtot- 
Coupez, 1974). The association complexes formed are 
of the 'outer-sphere' or 'ion-pair' type first described by 
Bjerrum (1926). Methods using these reagents are 
liable to interference from other anions such as chlor- 
ide and thiocyanate since these can also form extract- 
able association complexes. The bis(ethylenediamine)- 
eopper(II) ion has recently been shown to be a more 
selective reagent (Crisp, Eckert & Gibson, 1975) and 
its use has been extended to the analysis of parts per 
billion concentrations of anionic detergents (Crisp, 
Eckert, Gibson, Kirkbright & West, 1976). 

This paper describes the crystal structure of a 
complex formed between the bis(ethylenediamine)- 
copper(II) ion and a typical anionic detergent. Unlike 
other cations used for detergent analysis, the 
bis(ethylenediamine)copper(II) ion forms an 'inner- 
sphere' association complex with detergent anions. 

Experimental 

Bis (ethylenediamine)bis(dodecylsulphato)copper (II) is 
precipitated when aqueous solutions of bis(ethylene- 
diamine)copper(II) sulphate and sodium dodecyl- 
sulphate (BDH, specially pure) are mixed. Large purple 
plates were obtained by recrystallization from absolute 
ethanol. 

Preliminary crystal data were obtained with a Supper 
precession camera using Zr-filtered Mo Ka radiation. 
The Laue symmetry 1 indicated space group P1 or P1. 
Space group P1 was confirmed by solution of the 
structure. 

A needle-shaped fragment of a crystal (0-08 x 0.12 
x 0.66 mm) was used for the measurement of intensity 
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Table 1. Crystal data for  bis(ethylenediamine)bis(do- 
decylsulphato)copper(II) 

Molecular formula Cu(H2NCH2CH2NH2)2(OSO2OC 12H25)2 
Molecular weight 714.52; m.p. 205°C 
Crystal system: triclinic; space group P i 
a = 5.608 (l) ;b = 8.247 (1);c = 21.381 (3),~, 
a =  97.30 (3);//= 95.07 (3); 7 = 104.17 (3) ° 
V = 9 4 3 . 7 A 3 ; Z =  1 
D m = 1.26; D x = 1.24 g cm -3 

data. All data were collected on an Enraf-Nonius 
CAD-4/F  automatic diffractometer using graphite- 
monochromated Mo K~ radiation [2(Mo K~tl) = 
0.70930, 2(Mo Krt2) = 0.71359 A]. The crystal-to- 
detector distance was 173 mm and the 20 angle of the 
monochromator was 12.18 °. Unit-cell dimensions were 
obtained by least-squares refinement of 20 values for 22 
automatically centred reflexions (0 > 14°). A summary 
of crystal data is given in Table 1. Profile analysis of a 
representative reflexion indicated that the conditions for 
the measurement of integrated intensity would be 
optimized by a)-(~)20 scans, i.e. by scans where the 
20 movement was 65- of the e) movement. Under the 
optimum conditions the effect of thermal diffuse 
scattering is minimized by reducing the scan-widths of 
the reflexions and the horizontal counter aperture as 
much as possible (Burbank, 1964). The vertical 
detector aperture was 4 mm and the horizontal aperture 
was (3.0 + 0.35 tan 0) mm. The u,'-scan angle was (0.6 
+ 0.35 tan 0) °. The scan speeds were determined by a 
required precision of aft) < 0.03I with a maximum 
scan time of 100 s per reflexion. Each reflexion was 
scanned in 96 steps. The peak, P, was taken to be the 
64 central steps, which leaves 16 steps at each end of 
the scan to measure the backgrounds B~ and B 2. The 
intensity (I) was calculated as I = riP - 2(B l + B2)], 
where v is a factor to account for differences in the scan 
speed. The standard deviation in I was defined by the 
equation off) = {v[P + 4(B~ + Bz)] }1/2 

Three reference reflexions were measured after every 
5000 s of X-ray exposure and the orientation of the 
crystal was checked after every 200 reflexions. No 
decomposition or movement of the crystal was detec- 
ted. The intensities of 4448 independent reflexions (0 < 
27.50) were recorded. 1897 equivalent data (h,k,l) were 
measured up to 0 = 20 °. 

Lorentz and polarization corrections were applied to 
the data. The form of the polarization correction 
(Azaroff, 1955) was p = (cos 2 20 m + cos 2 20)/(1 + 
cos 2 2Ore) where 0 m is the Bragg angle of the mono- 
chromator crystal, in this case 6.09 °. This correction, 
which is based on the assumption that the graphite 
monochromator crystal was ideally imperfect, results in 
a maximum uncertainty of 0 .7% in the corrected 
intensities at 0 = 30 ° (Mo Kct radiation) (Kerr & 
Ashmore, 1974). Absorption corrections were not 

applied since calculations showed that the corrections 
were not significant [/~ = 7.3 cm -1 (International 
Tables for  X-ray Crystallography, 1974)]. There were 
1362 pairs of equivalent reflexions with I > 3o(1). The 
unweighted discrepancy factor, R o, defined as 
(E IAFIZ/E IFavl2) 1/2, was 0.024 where AF = IFhl -- 
IFf, I and Fay = (IFhl + IFfil)/2. An analysis of the 
errors in the data was made before averaging the two 
equivalent data sets. A curve was fitted to a plot of 
m e a n  [ (AF)  2 2 -- astat(F)] values versus IFavl for the 
1362 common observed reflexions in eighteen intervals 

O'stat(F) was  the statistical variance of of  I Favl, where 2 
the observed structure factor. The data sets were 
combined and all equivalent data averaged. The value 
of a2(F) for each reflexion was recalculated as the sum 
of O's2tat(F) and the contribution derived from the above 
curve (Freeman & Guss, 1972). Of the 4448 unique 
reflexions, only the 2858 with I > 3a(1) were used in 
the structure analysis. 

Structure determination and refinement 

The structure was solved by standard Fourier methods 
and refined anisotropically by full-matrix least-squares 

Table 2. Atomic positional parameters (×104 ) for  
bis(ethylenediamine)bis(dodecylsulphato)copper(II) 

Standard deviations are given in parentheses. Hydrogen atoms on 
calculated positions are not given in the list. 

x y z 

Cu 0 0 0 
S 3354 (1) -1446 (1) 1192 (3) 
O(1) 3602 (3) -586 (2) 639 (1) 
0(2) 1399 (5) -2967 (2) 1080 (1) 
0(3) 5661 (4) -1588 (4) 1482 (1) 
0(4) 2443 (4) -140 (2) 1665 (1) 
N(I) -828 (5) 1302 (3) 773 (1) 
N(2) 2317 (5) 2213 (3) -88  (1) 
C(1) 1976 (6) -587 (4) 2283 (1) 
C(2) 763 (6) 625 (4) 2613 (1) 
C(3) 454 (6) 410 (4) 3293 (1) 
C(4) -882 (6) 1562 (4) 3630 (1) 
C(5) -1076 (6) 1425 (4) 4319 (1) 
C(6) -2453 (6) 2560 (4) 4657 (1) 
C(7) -2578 (6) 2463 (4) 5348 (1) 
C(8) -3987 (6) 3561 (4) 5687 (1) 
C(9) -4053 (6) 3480 (4) 6384 (1) 
C(10) -5494 (6) 4551 (4) 6727 (1) 
C(l 1) -5517 (7) 4475 (5) 7421 (2) 
C(12) -6999 (7) 5496 (5) 7766 (2) 
C(13) 281 (8) 3106 (4) 791 (2) 
C(14) 2580 (7) 3391 (4) 499 (2) 
H(1) -266 (58) 966 (38) 1080 (14) 
H(2) -2357 (57) 1088 (38) 754 (15) 
H(3) 3655 (57) 2090 (38) --148 (15) 
n(4) 1762 (57) 2632 (38) --392 (14) 
H(5) -809 (58) 3509 (37) 467 (14) 
H(6) 481 (53) 3725 (36) 1208 (14) 
H(7) 3541 (57) 3039 (39) 818 (15) 
n(8) 3412 (54) 4559 (39) 461 (13) 
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Table 3. Bond distances (,/k) and angles (0) in 
bis(ethylenediamine)bis(dodeeylsulphato)copper(II) 

Standard deviations are given in parentheses. Superscripts indicate 
atoms related to those in Table 1 by the following transformations: 

None x ,y , z ;  (i) - x , - y , - z ;  (ii) 1 - x, -y,  -z ;  (iii) x + 1,y, z. 

Cu-N(I )  2.008 (2) 0(2) . . .H(4 ~) 2.29 (3) 
Cu-N(2) 2.006 (2) 0(4). . .H(1) 2.31 (3) 
Cu-O( l )  2.517 (2) O(1).. .H(3 ~) 2.43 (3) 
S-O(I )  1.455 (2) O(1).. .H(2 ~i) 2.32 (3) 
S-O(2) 1.427 (2) N(1)-Cu-N(2)  84.9 (1) 
S-O(3) 1.422 (2) N(I)--Cu-O(1) 91.2 (1) 
S-O(4) 1.590 (2) N(2) -Cu-O(I )  86.7 (1) 
O(4)-C(1) 1.445 (3) O(1)-S-O(2)  112.8 (1) 
C(1)-C(2) 1.482 (4) O(1)-S-O(3)  112.8 (1) 
C(2)-C(3) 1.507 (4) O(1)-S-O(4) 101.1 (1) 
C(3)-C(4) 1.501 (4) O(2)-S-O(3) 115.4 (1) 
C(4)-C(5) 1.502 (4) O(2)-S-O(4) 105.9 (1) 
C(5)-C(6) 1.508 (4) O(3)-S-O(4) 107.3 (1) 
C(6)-C(7) 1.498 (4) Cu-O(1)-S  123.3 (1) 
C(7)-C(8) 1.501 (4) S-O(4)-C(1)  117. i (2) 
C(8)-C(9) 1.503 (4) Cu-N(I ) -C(13)  109.3 (2) 
C(9)--C(10) 1.504 (4) Cu-N(2)-C(14) 108.9 (2) 
C(10)-C(11) 1.494 (4) O(4)-C(1)-C(2) 109.2 (2) 
C(I 1)-C(12) 1-495 (5) C(1)-C(2)-C(3) 114.0 (3) 
N(I)-C(13) 1.459 (4) C(2)-C(3)-C(4) 115.3 (3) 
N(2)-C(14) 1-459 (4) C(3)-C(4)-C(5) 115.7 (3) 
C(13)-C(14) 1.462 (5) C(4)-C(5)-C(6) 115.8 (3) 
N(1)--H(I) 0.81 (3) C(5)-C(6)-C(7) 115-8 (3) 
N(I)-H(2) 0.83 (3) C(6)-C(7)-C(8) 116.4 (3) 
N(2)-H(3) 0.80 (3) C(7)-C(8)-C(9) 115.8 (3) 
N(2)-H(4) 0.84 (3) C(8)-C(9)-C(10) 116.5 (3) 
C(13)--H(5) 1.03 (3) C(9)-C(10)-C(I 1) 115.9 (3) 
C(13)-H(6) 0.95 (3) C(10)-C(I 1)-C(12) 116.5 (3) 
C(14)-H(7) 0.95 (3) N(1)-C(12)-C(14) 111-1 (3) 
C(14)-H(8) 0.98 (3) N(2)-C(13)-C(13) 111.3 (3) 

0(2)..-H(4~)-N(2 ~) 153 (3) 
0(4) . . .H(1)-N(1)  157 (3) 
O(1)...H(3ii)-N(2 ii) 153 (3) 
O(1).. .H(2iii)-N(l iLi) 157 (3) 

methods. The function minimized was E a-2(F)[ IFol -- 
SlFc I ]2, where s is the scale factor. Scattering factors for 
neutral Cu, S, O, N, C and H together with anomalous 
dispersion terms for Cu and S were taken from 
International Tables f o r  X-ray Crystallography ( 1974). 

All H atoms were located in difference Fourier maps. 
However, only the positions of the H atoms of the 
ethylenediamine ligand were refined. The H atoms of 
the dodecyl group were placed in their calculated 
positions [ C - H  = 0.95 /k (Churchill, 1973)1 with the 
CH 3 group oriented as found in the difference Fourier 
map. All H atoms were given a fixed isotropic 
temperature factor (Uis o = 0.063 /k 2) during refine- 
ment. After each refinement cycle the positions of the H 
atoms on the dodecyl chain were recalculated. 

In the final cycles of the refinement all non-hydrogen 
atoms had anisotropic thermal parameters. A dif- 
ference Fourier synthesis after the last refinement cycle 
showed no excursions above background. The final 
residuals were R (= EllFol -- slFcl[/~, IFol ) = 0.036, 
R w {= [Z a-2(F)(IFo I -- slFcl)2/~ a--2(F)lFol2] ~/z} = 

0.036 for the 2858 reflexions used in the refinement and 
R = 0.056, R w = 0.038 for all 4448 reflexions. 

The atomic positional parameters for the non- 
hydrogen atoms and refined H atoms are listed in Table 
2.* The orientation of the terminal C H  3 group is defined 
by a H atom with coordinates ( -0 .860,  0-529, 0.753). 
Selected bond lengths and angles are given in Table 3. 

Description of structure and discussion 

The Cu atom lies on a centre of symmetry in a 
tetragonally distorted coordination octahedron. It is 
planar four-coordinated by the N atoms of two 
ethylenediamine ligands at a mean distance of 
2.007 (2) A. The axial positions are filled by the O 
atoms of two dodecylsulphato groups at a distance of 
2.517 (2) A. The mean Cu--N bond distance is within 
the range found for other bis(ethylenediamine)- 
copper(II) complexes (Brown & Lingafelter, 1964), and 
the C u - O  bond distance is slightly less than the values 
of 2.61 and 2.59 A found in bis(ethylenediamine)- 
copper(II) perchlorate (Paj unen, 1967) and 
bis(ethylenediamine)copper(II) nitrate (Komiyama & 
Lingafelter, 1964) respectively. 

The hydrogen bonds in this structure are weak 
(Table 3). The NH 2 groups of the ethylenediamine 
ligand each form one intramolecular and one inter- 
molecular hydrogen bond. The intramolecular hydro- 
gen bonds involve a terminal sulphate O atom [0(2)] 
and the O atom adjacent to the dodecyl chain [0(4)]. 
The intermolecular hydrogen bonds are formed be- 
tween the Cu-bound O atom and the H atoms of the 
ethylenediamine ligands of a complex related by one 
unit-cell translation in the x direction (Figs. 1 and 2). 
The O . . .  H distances and the angles at the H atoms lie 
within the ranges 2.30 (4)-2.43 (3) A and 153 (3)- 
157 (3) °, respectively. No hydrogen bonds are formed 
by O(3). 

The dodecyl chains are extended and lie antiparallel 
to each other to form a highly ordered interdigitating 
structure similar to that found in triacetylsphingosine 
(O'Connell & Pascher, 1969). The average non-bonded 
distance between a C in one dodecyl chain and the 
closest C atom in a neighbouring chain is 4.24 A, with 
extreme values of 4.196 (5) and 4.301 (5) A. When 
viewed along the chain axis, each chain occupies an 
area of 19.3 /k 2. This is close to the area of approxi- 
mately 21 /k 2 per molecule calculated from surface 
tension measurements for the packing of hydrocarbon 
chains under high pressure at an air-water interface 

* Lists of calculated positions for the hydrogen atoms of the 
dodecyl chain, structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 32657 (30 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH 1 1NZ, England. 
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. - . -~ ,cm Tcc3~ ~cc5~ kI71 Tcig~ ,~c~,~ 
k ~ . _ ~ 2 )  Tc(~) 7c(e) l'c(~) Tcoo~ qc(~2) 

Fig. 1. Bonding arrangement within the bis(ethylenediamine)bis(dodecylsulphato)copper(II) molecule. Refined hydrogen atoms are 
indicated by small numbers. Dotted lines indicate intramolecular hydrogen bonds. 

• ~ - " ~ .  . 

, " 
ioc i ? ~ .  oc4~ p ~ ~ ~_ T 4 i ". . 

t ) ,~ ,~  ~/e" . ,~,~--~c,~ • / "  °' \ ~ .  _~ j~ '~  I. j~ . , ,  
' ' (" , , ' ~ _ j  ____p . . . . . . .  '.. r , , , " r 'c '  

Fig. 2. Packing of bis(ethylenediamine)bis(dodecylsulphato)- 
copper(II) molecules in the crystal. Projection down b*. Dotted 
lines indicate hydrogen bonds. For clarity, only those atoms 
necessary to relate this drawing to Fig. 1 have been labelled. 

(Tanford, 1973). The crystal consists of alternating 
polar layers of Cu(H2NCH2CH2NH2)2(OSO3) 2 units 
interlinked by hydrogen bonds and non-polar layers of 
perfectly aligned C ~2H25 chains. These layers lie parallel 
to the xy plane. 

Bis (ethylenediamine) bis (dodecylsulphato)copper (II) 
is an example of the complexes formed between the 
bis(ethylenediamine)copper(II) ion and alkylsulphate 
detergents. Alkylbenzenesulphonate detergents should 
coordinate in a similar fashion since only three of the 
four O atoms of the dodecylsulphato ligand are 
involved in coordination or hydrogen bonding and the 
dimensions of the sulphonato group (Hargreaves, 
1957) are comparable to those of the sulphato group. 

The 'inner-sphere' association complexes formed 
between the bis(ethylenediamine)copper(II) ion and 
detergent anions can be readily extracted into chloro- 
form, but the complexes formed with other potential 
ligands, such as chloride and thiocyanate, cannot be 
extracted (Crisp, Eckert & Gibson, 1975; Crisp, 
Eckert, Gibson, Kirkbright & West, 1976). This, we 
believe, is because of the strong hydration of any 
complexes that might be formed with these inorganic 
anions. The extraction of copper into chloroform only 
as bis(ethylenediamine)copper(II)-detergent complexes 

explains the selectivity of the method for trace anionic 
detergent analysis employing the bis(ethylenediamine)- 
copper(II) cation. 
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