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Abstract 

Tetrakis(p, -heptanoato-KO: KO')dicopper [Cu2(C 7- 
H 1302)4], Mr = 643.4, triclinic, P],  a = 5.170 (1), b = 
8.518, c = 19.217 (2)/~, a = 86.65 (1), /3 = 83.60 (1), 
3' = 75.46 (1) °, V = 813.78 A, 3. The unit cell contains 
one dicopper dimer (Z = 1), D~ = 1.314 g cm -3, p, = 
1.350 mm-~ for Mo Ka radiation (A = 0.70928 A,), 
R(F) = 0.038 for 4861 reflections. The copper-copper 
distance in the dimer is 2.578 A~ and each copper is 
surrounded by five O atoms and one Cu atom in a 
pseudo-octahedral coordination polyhedron. The 
copper-copper distance between two dimers is 
3.232 ,~. The hydrocarbon chains are approximately 
along the c axis, explaining the high value of this 
parameter. A comparison is made with similar struc- 
tures of copper alkanoates. Preliminary results of a 
charge-density study are also given. 

Introduction 

The crystal structure of copper heptanoate is of 
interest because thin coatings of this compound pre- 
serve copper metal or copper alloys from atmos- 
pheric corrosion (Rapin, Steinmetz, Steinmetz & 
Malaman, 1992). Crystal structures of similar com- 
pounds have been obtained: anhydrous copper 
butyrate, Cu[CH3(CH2)2COO]2 (Bird & Lomer, 
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1972), anhydrous copper(II) decanoate, Cu[CH3- 
(CH2)8COO]2, and copper octanoate, Cu[CH3- 
(CH2)6C0012 (Lomer & Perera, 1974a,b). These 
authors reported the same space group (P1), same 
stacking and same copper environment but the preci- 
sion of the structural parameters was very low. Thus, 
we report the accurate crystal structure of copper 
heptanoate. 

Experimental 

The samples used in this study were obtained by the 
reaction of copper sulfate, CuSO4.5H20,  on sodium 
heptanoate. The blue-green precipitate obtained was 
filtered and washed with water to eliminate the 
excess sodium sulfate, then dried in vacuum. The 
crystallization was performed in xylene solution 
heated to 323 K. The crystals appeared after about 2 
months of slow cooling from 323 K to room tem- 
perature. 

These blue crystals have platelet or needle aggre- 
gate shapes which can be separated in xylene under 
the microscope. They are very brittle and show easy 
cleavage. The single crystal used for the X-ray 
investigation was a very thin platelet with the dimen- 
sions 0.57 x 0.28 x 0.03 mm. The X-ray diffraction 
experiment was carried out on an Enraf-Nonius 
CAD-4 four-circle diffractometer with graphite- 
monochromatized Mo Ka radiation (A = 0.70928 ,~) 
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Table 1. Positional parameters with e.s.d.'s in 
parentheses 

Anisotropically refined atoms are given in the form of  the iso- 
tropic equivalent displacement parameter,  defined as: 

(4/3)[a2B(1,1) + b2B(2,2) + c2B(3,3) + ab(cos y)B(l ,2) 
+ ac(cos•)B(1,3) + bc(cosa)B(2,3)]. 

x y : B CA-') 
Cu 0.23550 (3) 0.48259 (2) 0.46665 (I) 2.195 (4) 
C(I) 0.3274 (2) 0.5429 (I) 0.55846 (5) 2.60 (2) 
0(2) 0.1222 (2) 0.7102 (I) 0.43791 (6) 3.12 (2) 
0(3) 0.0808 (2) 0.4281 (1) 0.38567 (6) 3.30 (3) 
0(4) 0.2825 (2) 0.2610 (I) 0.50283 (6) 3.17 (3) 
C(I) -0.1123 (3) 0.7908 (2) 0.45639 (8) 2.74 (3) 
C(2) -0.2051 (3) 0.9608 (2) 0.4262 (I) 3.27 (4) 
C(3) 0.1616 (3) 0.5727 (2) 0.61259 (8) 2.41 (3) 
C(4) 0.0644 (4) 0.6382 (3) 0.7412 (1) 4.09 (4) 
C(5) -0.4264 (3) 0.9681 (2) 0.3785 (I) 3.59 (4) 
C(6) 0.2648 (3) 0.6107 (2) 0.67769 (9) 3.67 (4) 
C(7) -0.3249 (4) 0.8866 (3) 0.3097 (1) 4.37 (5) 
C(8) -0.5454 (4) 0.8770 (3) 0.2661 (1) 5.13 (5) 
C(9) 0.1778 (5) 0.6812 (3) 0.8052 (1) 5.36 (6) 
C(10) -0.4494 (5) 0.8115 (3) 0.1944 (I) 6.73 (7) 
c(I 1) 0.0215 (6) 0.7005 (4) 0.8698 (1) 7.68 (8) 
C(12) -0.6692 (7) 0.7831 (5) 0.1548 (2) 9.6 (1) 
C(13) 0.0848 (8) 0.7478 (5) 0.9336 (I) 10.1 (1) 
C(14) -0.124 (I) 0.7740 (7) 0.9961 (2) 15.7 (2) 

and w--20 scans [scan width = (1.0 + 0.35tan0) °] at 
room temperature. The unit-cell dimensions were 
refined with 25 reflections (5 _< 0 _< 12~'). Four stand- 
ard reflections (022, 227, 031, 115) were measured 
every 2 h and no significant decay was noted. The 
reflection profiles of 9586 hkl and hkl reflections were 
collected, - 9 < h _ < 9 ,  - 1 5 _ < k < 1 5  and 0_</_<34, 
up to a resolution of (sin0/,~)m~,x = 0 . 9 A  I. To 
check the absorption correction, 1700 supplementary 
equivalent reflections with 0 ranging from 0 to 360" 
(/14, = 10 °) were measured to account for the real 
optical path of the X-ray in the crystal for the same 
hkl reflection. The Nonius programs MICROS and 
MICROR were used to determine the indexation of 
the crystal faces [(010), (010), (001), (001)]; the small 
faces were approximated by (623) and (11,7,3), and 
the largest faces of the crystal are (001) and (001). 

Structure determination and refinement 

Profile analysis, Lorentz-polarization correction, 
scaling and averaging of the observed intensities were 
performed using the DREAR programs (Blessing, 
1992), giving an internal agreement R factor of 
0.0204 for 4861 unique reflections with I >  3o(1) 
without an absorption correction. Careful absorp- 
tion corrections were then made on the data using 
ABSORB (DeTitta, 1985); sorting and averaging the 
data led to a better internal factor (R = 0.0172). The 
greatest absorption factor A is 0.717, which corre- 
sponds to a maximum intensity loss of 40% for the 
(001) reflections. The centrosymmetrical P1 structure 
of the copper heptanoate was determined by direct 
methods using MULTAN82 (Main et al., 1982). The 
structure refinement was carried out with M O L L Y  

(Hansen & Coppens, 1978) using the atomic scat- 
tering factors for Cu, C, O and H from International 
Tables for X-ray Crystallography (1974, Vol. IV). 
Each reflection intensity was weighted by w = 
1/o'2('FI), where o(IFI) is the structure-factor 
standard deviation based on the statistical countings 
and instability factor p (p=0.01422), o-2(IF!2) -- 
O'2count + ( p l F I 2 )  2. The H atoms were positioned by 
difference density Fourier maps. The hydrogen ther- 
mal factors were kept at 1.3 times the corresponding 
atom's thermal factor and refined during the last 
cycles. The final R factors for the structure deter- 
mination were R = 0.0378 and wR = 0.0326, with a 
goodness-of-fit G = 1.80. Table 1 gives the atomic 
coordinates and equivalent temperature factors for 
the copper heptanoate molecule. Anisotropic thermal 
parameters, hydrogen coordinates and B values are 
given as supplementary material.* 

Discussion 

Molecular geometry 

Cu[CH3(CH2)sCOO]2 is a dimer in the solid state. 
Fig. 1 displays the ORTEP (Johnson, 1965)view of a 
dimer of copper heptanoate. Table 2 gives the inter- 
atomic distances and angles. Each Cu atom is coor- 
dinated to five O atoms and to the other Cu of the 
dimer, Cu' ( - x ,  1 - y ,  1 -=) .  The resulting coordi- 
nation polyhedron is a distorted octahedron (Fig. 2), 
whose square base is formed by one O atom of each 
heptanoate anion of the dimer ((Cu--O) = 1.962 A). 
The two other coordination sites are filled by Cu' 
and O(1") ( 1 -  x, l - y ,  1 - z ) ,  with C u - - C u ' =  
2.578, C u - - O ( l " ) =  2.216 A. The average O ( l " ) - -  
Cu- -O  and O ' - - C u - - C u '  angles are 95 and 85,  
respectively. The O(1), 0(3), C(3)... hydrocarbon 
chain is almost planar, runs perpendicular to both 
Cu, Cu', 0(2) and O(1), 0(2), 0(3), 0(4) planes and 
is extended, making an angle of 15 with the c axis. 
The beginning of the other hydrocarbon chain [O(2), 
0(4), C(1), C(2)] belongs to the Cu, Cu', 0(2) plane 
and the other C atoms are rotated around the C(1)--  
C(2) axis to become parallel to the first hydrocarbon 
residue. The mean C - - C  distance for the chains is 
1.51 A and the mean C - - C - - C  angle is 113.1", 
except for C(1)--C(2)--C(5) which is 110.O due to 
the chain bending (Fig. 1). 

Stacking and arrangement of  the molecules 

The molecules are arranged as infinite zigzag lines 
(Cu- -Cu ' - -Cu" )  of Cu atoms; the Cu- -Cu"  dis- 

* Lists of  structure factors, anisotropic thermal parameters and 
H-atom parameters have been deposited with the British Library 
Document  Supply Centre as Supplementary Publication No. SUP 
71531 (34 pp.). Copies may be obtained through The Technical 
Editor, International Union of  Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. [CIF reference: PA0287] 



N O U R - E D D I N E  G H E R M A N I  et al. 159 

tance for two neighbouring dimers is 3.232 A, as 
shown in Fig. 3. The hydrocarbon chains lie on 
parallel planes slightly inclined with respect to the ae 
unit-cell plane. As reported by Bird & Lomer (1972), 
the distortion of the C(1), C(2)... chain reduces the 
molecular volume and then facilitates the packing in 
the crystal (see Fig. 4). In all the reported copper 
alkanoate structures, the hydrocarbon chains are 
also approximately in the c-axis direction. A com- 
parison of the cell constants and packing shows that 

~i 
(12) qC(~(41)  3, 

O) (2(11 ) 
~~(~,C(9) 

0 (3~L c(3) C(2) . )0(1)' 

CB' 
_ Q (4),.~ 0(2)' 
~ C ( 2 ) '  

C(6)' 
~....C (4)' 

c(5)' 

"(9)' ~C(8)' 
Z) C(11)' )C(10)' 

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

Cu.-.Cu" 2.5782 (2) C(3)--C(6) 
Cu--O(I)  2.005 (I) C(4)--C(6) 
Cu..-O( 1 )" 2.2156 (9) C(4)---C(9) 
Cu--O(2) 1.946 ( I ) C(4)...C( 11 ) 
Cu--O(3) 1.956 ( 1 ) C(5)--C(7) 
Cu--O(4) 1.939 ( 1 ) C(5)...C(8) 
O( 1 )-..O(3) 2.221 ( 1 ) C(6)...C(9) 
O(1)-.-C(6) 2.363 (2) C(7)--C(87 
0(27-..0(4) 2.231 (1) C(7)...C(10) 
O(2)-.-C(2) • 2.384 (2) C(8)--C(10) 
O(3)'..C(6) 2.369 (2) C(8)...C(12) 
O(4)".C(2) 2.355 (2) C(9)--C( 11 ) 
C(17--C(2) 1.510 (2) C(9)...C(13) 
C( l )---C(5) 2.491 (2) C( I O)--C(12) 
C(2)--C(5) 1.531 (3) C(l I)--C(l 3) 
C(2)-.-C(7) 2.542 (3) C( 11 )...C(14) 
C(3)...C(4) 2.533 (2) C(13)---C(14) 

O(2)--C( I)---K)(4)' 124.9 (1) C(2)--C(5)--C(7) 
O(2)--C( 1 )---C(2) 118.7 ( 1 ) C(3)--C(6)~C(4) 
O(4)--C(1 )--C(2)' 116.3 (1) C(57--C(7)---C(8) 
C(1)--C(2)--C(5) 110.0 (I) C(7)--C(8)--C(10) 
0(1)- -C(3) ' - -0(3) '  123.7 (1) C(47--C(9)--C(11) 
C(1)---C(3)'--C(6)' 117.4 (1) C(8)---C(10)--C(12) 
O(37--C(3)---C(6) 118.9 (1) C(9)--C(117--C(13) 
C(6)--C(4)--C(9) 113.2 (2) C(I I)---C(I 3)--C(14) 

1.496 (2) 
1.500 (2) 
1.520 (3) 
2.525 (3) 
1.508 (3) 
2.526 (3) 
2.521 (3) 
1.509 (37 
2.534 (4) 
1.500 (3) 
2.527 (4) 
1.512 (37 
2.530 (3) 
1.511 (5) 
1.511 (5) 
2.507 (4) 
1.510 (5) 

13.5 (I) 
15.5 (2) 
13.7 (2) 
14,7 (2) 
12.8 (2) 
14.1 (2) 
13.7 (3) 
12.2 (4) 

the parameters a and b are almost constant and c 
increases with respect to the number (n) of C atoms 
in the chain: if n; and nj are these numbers for two 
copper carboxylate structures i and j, the CJ param- 
eter of  the molecule j may be estimated as cj= 
ci(n/n~), as shown in Table 3; the first part of  this 
table gives the cell parameters as a function of nj and 
the second part estimates cj from c~ using the formula 
above. The agreement between experimental and 
estimated c values is good when n is greater than 6. 

Fig. 1. ORTEP ( Johnson ,  1965) view of  a dimer of  copper 
heptanoate. 

co) 

C{ 3")F==:~O'~ 3) r . C'~'))- ------~"(3) 

0 (~4)~x'~C ( 1-1))~(2i ~ .  0"~4~SY'2""  ' / ~  1 ) 
"- ~: ~13~.----(C (3) ~ ' _  '- ~__~/3 / ) 

Fig. 3. Zigzag line of  Cu atoms in the crystal structure. 

Fig. 2. Coordination polyhedron of  a Cu  a tom.  Fig. 4. Packing of  copper heptanoate in the crystal. 
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Table  3. Comparison o f  the cell parameters o f  similar 
structures and estimated c parameters 

(a) Similar structures 
n = 40) 70i~ 8 (iii) 10 °~ 

a 9.00 8.51 8.80 7.94 
b 5.16 5.17 5.20 5.28 
c 11.74 19.22 22.06 28.13 
a 94.70 96.40 95.10 94.60 
fl 95.20 93.40 92.40 97.10 
)' 109.5 104.5 110.5 98.60 

(b) Estimated c parameters 
ni = 4 7 8 10 

Hi 
4 --  20.55 23.48 29.35 
7 10.98 --  21.96 27.46 
8 11.03 19.30 --  27.58 
10 11.25 19.69 22.50 --  

c, (exp) 11.74 19.22 22.06 28.13 

References: (i) Bird & Lomer (1972), (ii) this study, (iii) Lomer 
& Perera (1974a), (iv) Lomer and Perera (1974b). 

Preliminary results of  electron-density study 

Since the structure is centrosymmetric  and the statis- 
tical indices are excellent in this medium resolution 
refinement [R = 0.0378, wR = 0.0326, G = 1.80 and 
(sin O/a)max = 0.9 A -  l], we have  been able to s tar t  a 
p re l iminary  s tudy o f  charge  densi ty  f rom these room-  
t empera tu re  d i f f rac t ion  da ta .  M O L L Y  (Hansen  & 
Coppens ,  1978) was used to calculate  the charges  of  
the a toms  and  the mul t ipo la r  pa r ame te r s  o f  the 
copper  meta l  in the fol lowing m a n n e r  

[ all atj~ms ] 
p(r)  = pj, (r) + ejvalKj'3pjval( K'r) 

+ [~l K"3Rnt(lc"r)~m elmcurlm(O,~o)], 

where Pc and  Pva~ are spherical ly averaged  core and  
valence densities,  Pv~ is the valence popu la t ion  o f  the 
a toms  and  Pin the mul t ipole  popu la t ion  o f  spherical  
h a r m o n i c  funct ions  Y~r~ o f  the Cu a tom.  Rn~ is a 
Sla ter- type radial  funct ion and  x'  and  x "  are the 
c o n t r a c t i o n - e x p a n s i o n  pa ramete r s .  Each type o f  
a t o m  (Cu, C, O or  H)  was p resumed  to have  the 
same net  charge  to reduce the n u m b e r  o f  p a r a m e t e r s  
in the ref inement.  Af te r  the x ref inement ,  R = 0.0375, 
wR = 0.0317 and  g = 1.75. The net charges  o f  Cu, O, 
C and  H are + 1.04 (2), - 0 . 4 0 5  (1), 0.060 (1) and  
0.010 (1 )e ,  respectively. We note  tha t  the pseudo-  
oc t ahed ron  of  five O a t o m s  and  one Cu a t o m  a r o u n d  
the Cu a t o m  is a lmos t  neutral .  F u r t h e r m o r e ,  the 
coo rd ina t ion  o f  the copper  suggests ref inement  o f  the 
popu la t i on  o f  the copper  mul t ipole  also, respect ing 
its p seudo- four fo ld  symmet ry ,  i.e. the cubic hexa- 
decapoles  (R = 0.0370, wR = 0.0310 and  G = 1.74). 
Fig. 5 shows the static densi ty ob ta ined  a r o u n d  the 
Cu a t o m  in the four  O - a t o m  plane.  This m a p  looks 
reasonable  f rom a crystal  field point  of  view, the 

1A 

0(2) 

L o(,; 

Fig. 5. Static deformation density of the Cu atom in the four 
O-atom plane (contours are 0.1 e A 3, negative contours are 
dashed). 

d~2- ,.., orbi ta ls  are  depopu la t ed  while the d e f o r m a t i o n  
densi ty  appea r s  on the d,-,. orbi tal .  This result is 
p romis ing  and  a low- tempera tu re  X- ray  di f f rac t ion 
exper iment  is in progress .  

The f inancial  suppor t  o f  the C N R S  and  the 
Univers i ty  o f  N a n c y  I is grateful ly  acknowledged .  
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