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Abstract--Mononuclear compounds of the composition CuX2(py)2(H20) and binuclear 
of the composition Cu2X4(py)2 (py = pyridine, X = heptanoate, octanoate, nonanoate, 
decanoate or dodecanoate) were prepared, analysed and characterized by vibrational spec- 
troscopy and thermogravimetry. Generally, the complexes are unstable, the mononuclear 
being even less stable than binuclear, losing pyridine in air at room temperature. The X- 
ray crystal structure of the mononuclear adduct of copper(II) nonanoate with pyridine, 
Cu(OzCC8H17)z(py)z(H20), was determined by X-ray diffraction. The copper(II) ion is in 
a square pyramidal environment with two pyridine nitrogen atoms and two oxygen atoms 
from unidentate nonanoato ligands forming the basal plane of the pyramid and a water 
molecule coordinated at the apex. The carboxylate oxygen 0(2) is not coordinated to 
copper, but is bound to water from a neighbouring molecule by the O - - H .  • - 0(2) hydrogen 
bond of 2.691(5)/~. 

The preparation, structures and properties of many 
copper(II) carboxylates and their complexes, 
especially with nitrogen donor ligands, have already 
been extensively studied and the results published 
in several reviews. 1 6 However, investigations on 
copper(II) complexes with higher carboxylic acids 
apart from acetates, propionates and butyrates are 
not so frequent. Only a few crystal structures of 
copper(II) carboxylates with higher carboxylic 
acids have been reported. 7-1° Increased interest in 

* Author to whom correspondence should be addressed. 

copper(II) compounds exhibiting thermotropic 
columnar mesophases lj have stimulated studies of 
copper(II) carboxylates with n = 6-22 (n being 
equal to the number of carbon atoms of the cor- 
responding fatty acid). The main emphasis has been 
on the thermal behaviour of such compounds.~2 ~6 

With only one exception from 1965,17 pyridine 
complexes of copper(II) carboxylates with 7, 8, 9, 
10 and 12 carbon atoms have not been studied. This 
was the aim of the work presented in this article. 
The results of thermogravimetry, vibrational 
spectroscopy as well as the crystal and molecular 
structure of aquabis(nonanoato)bis(pyridine) 
copper(II) are reported herein. 
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EXPERIMENTAL Physical measurements 

Preparation (~['the complexes 

Cu2(O2CR)4. The starting compounds 
Cuz(O2CR)4,  where R is C6Hl3 , C7H15 , C8H17 , CgHI9 
and C~H23, were synthesized by the direct meta- 
thesis of the corresponding sodium soap in a slightly 
acidic aqueous solution with the required amount  
of copper(If) sulphate dissolved in water, as 
described by Mehrotra and Bohra. 1 The yields were 
from 95°A, to almost 100%. The copper soaps 
obtained were purified by recrystallization from 
boiling methanol with yields of 80 90%. 

Cu2(O2CR)4(py)2. The green copper(ll)  car- 
boxylate complexes with pyridine were prepared by 
the following procedure: 2 mmol of Cu2(O2CR)4 
were dissolved in methanol (20 cm ~) with excess of 
pyridine (1 cm3). The solvent was rotary evaporated 
and needle-shaped green precipitates appeared. The 
yields were from 80% for copper(ll)  heptanoate 
and octanoate complexes to 95% for the dode- 
canoate complex. The complexes were recrys- 
tallized from boiling methanol with some pyridine 
added (two or three drops of pyridine per 20 cm 3 
of methanol) and subsequent cooling to 7~C. The 
yields were 75 80%. 

Cu(O2CR)2(py)2(H20). When 50 cm 3 of distilled 
water was added into copper(lI) carboxylate solu- 
tions in methanol-pyridine, described above, blue 
crystals were formed. The crystals were filtered off 
and rapidly washed with a small amount  of diethyl 
ether. The products were not recrystallized because 
they are unstable in air. The colour of the crystal 
powder turns from blue to green within a few 
minutes. However, when closed in small tubes and 
held in a desiccator, the compounds remain stable. 
The blue copper(lI) heptanoate and nonanoate 
pyridine complexes seem to be more stable than the 
corresponding complexes of the carboxylate ligands 
with even numbers of carbon atoms. The reasons 
for the different stability of these complexes have 
not been determined and any regular rule con- 
trolling this behaviour has not been deduced. 

The monocrystals of Cu(O2CC~HI7)2(py)2(H20) 
for the crystal structure determination were pre- 
pared as follows: 0.7 g of  Cu2(O2CCsHIv)4 was 
dissolved in pyridine (5 cm~). The addition of water 
(300 cm 3) resulted in the precipitation of small blue 
crystals, which were filtered off. Blue plates grew 
from the filtrate after standing in air for 1 month at 
room temperature. 

Elemental analysis results of the isolated cop- 
per(II) carboxylate complexes with pyridine are 
given in Table 1. 

IR spectra of the studied substances were 
obtained with a Perkin Elmer FT-IR 1720X spec- 
trophotometer using Nujol and poly(chloro- 
trifluoroethylene) oil suspension techniques. Some 
selected IR data are given in Table 2 and complete 
data with tentative assignments can be obtained on 
request. 

Thermal decomposition of the compounds was 
studied with an OD 102 derivatograph (MOM 
Budapest). Ceramic crucibles were used. The 
sample weight was 100 mg and the heating rate was 
2.5'C min 1. 

X-ray structure ana[)'sis 

Data were collected on an Enraf  Nonius CAD-4 
diffractometer. Owing to instability the crystal was 
sealed together with mother liquor in a capillary. 
Intensity variation of not greater than 2.5% in three 
standard reflections monitored during the data col- 
lection period indicated negligible crystal decay. 
The structure was solved by a routine Patterson 
method followed by subsequent electron-density 
map calculations. Full-matrix least-squares 
refinement with anisotropic thermal parameters on 
all non-hydrogen atoms gave R and R~ values of 
0.069 and 0.087, respectively, with a value of 
w = 1.85[a2(Fo)+O.OO14(FJ] ~. Hydrogen atom 
positions were generated. Neutral atom scattering 
factors were used. 22 The system of computer pro- 
grammes NRCVAX, 23 adapted for a PC 486 com- 
puter, was used throughout the data reduction, 
determination, refinement and interpretation. 

Details of the crystal parameters, data collection 
and structure refinement are given in Table 3. 

Atomic fractional coordinates, hydrogen atom 
coordinates, anisotropic thermal parameters, and 
observed and calculated structure factor tables are 
deposited with the Editor as supplementary 
material, from whom copies are available on 
request. Atomic coordinates have also been 
deposited with the Cambridge Crystallographic 
Data Centre. 

RESULTS AND DISCUSSION 

Binuclear complexes 

As already reported, 9 the green tetrakis(/~- 
octanoato-O,O')bis(pyridine)dicopper(lI) consists 
of discrete binuclear units of  the copper(I I) acetate 
hydrate 24 structural type with pyridine rings instead 
of water molecules in the apical positions. 

The IR spectrum of this complex (Table 2) is 
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Table 1. Analytical data for copper(lI) carboxylate complexes with pyridine 
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Analysis: Found (Calc.) (%) 

No. Compound Cu C H N 

1 Cu2(C6H,3CO2)4(py)2 15.7 (15.9) 55.9 (56.9) 7.7 (7.8) 3.6 (3.5) 
2 Cu2(CvHtsCO2)4(py)2 15.0 (14.8) 58.6 (58.8) 8.2 (8.2) 3.3 (3.3) 
3 Cu2(CgHwCO2)4(py)2 14.2 (13.9) 58.8 (60.4) 8.4 (8.6) 3.1 (3.1) 
4 Cu2(CgH~gCO2)4(py)2 13.4 (13.1) 61.6 (61.9) 9.0 (8.9) 3.0 (2.9) 
5 Cu2(C I lH23CO2)4(py)2 11.2 (11.7) 64.4 (64.4) 9.5 (9.5) 2.7 (2.6) 
6 Cu(C6H,3CO2)2(py)2(H20) 13.1 (12.8) 54.9 (57.9) 7.5 (7.7) 5.0 (5.6) 
7" Cu(C7HtsCO2)2(py)2(H20) 12.0 (12.1 ) 
8 Cu(CsH,7CO2)2(py)R(H20) 11.4 (11.5) 58.6 (60.7) 8.2 (8.4) 4.9 (5.1) 
9" Cu(CgHt~CO2)2(py)2(H20) 10.7 (10.9) 

"Because of the large differences between measured and expected elemental analysis results, the 
missing results were omitted--see text for explanation. 

Table 2. Selected 1R absorption bands (cm t) of copper(I1) carboxylates and their pyridine complexes 

Cu2(O2CR) 4 Cu2(O2CR)4(py)2 Cu(O2CR)2(py)2(H20) 
I1 a Fl a n a 

7 8 9 10 12 7 8 9 l0 12 9 Assignmenff 

1588 1590 1588 1590 1586 
1417 1413 1417 1413 1423 

171 177 171 177 163 

3205 v(O--H) (water) 
1588 1590 1590 1590 1 5 8 8  159(~1600 G~(CO) 
1417 1418 1417 1417 1421 1417 v~(CO) 

171 172 173 173 167 183-173 A' 
1072 1073 1078 1072 1078 1073 

1064 
1046 py : c~(C--H) and totally 

1036 1036 1038 1036 1037 1038 symmetric in-plane 
1020 breathing frequencies 

1011 1011 1012 1011 1011 1013 

"n is the number of carbon atoms in the corresponding fatty acid. 
hAssignment is based on the proposals in refs 14~ 15 and 18-21. 
'A means v,~(CO) - v~(CO). 

characteristic for dicopper tetracarboxylates ~4'~5 
with additional bands arising from pyridine ligand 
vibrations. The bands at 1590 and 1418 cm-~ can be 
assigned to asymmetric [vas(C--O)] and symmetric 
[vs(C--O)] carboxylate stretches, t4'~5 As is well 
known, ~ the difference between va~(C--O) and 
vs(C--O) is correlated quite well with the nature 
of  carboxylate coordination. The difference of  172 
cm -l  found for the copper octanoate-pyridine 
binuclear complex is characteristic for sym- 
metrically bound carboxylate groups, ~'t8 and is 
almost the same as that determined by Strommen 
and co-authors 14 for dicopper tetracarboxylates 
with n = 6-22. Vibrational spectra of other green 
copper(II)  carboxylate-pyridine complexes studied 

are practically identical with the spectrum of 
tetrakis(/~-octanoato-O,O')bis(pyridine)dicopper(lI) 
(Table 2). On the basis of  vibrational spectra it can 
be proposed that these complexes have a binuclear 
structure of the same type. 

The binuclear structures of  Cu2(O2CR)4(py)2 
were also confirmed by EPR spectroscopyY '26 The 
EPR spectra measured at room temperature and at 
100 K exhibit four transitions, B_.~, B,.2, B,2 and B:2. 
Thus, the spectra are typical of  the triplet state of 
dimeric copper(II)  compounds.  

The pyridine adducts slowly decompose when 
left to stand in air. Within approximately 24 h the 
green colour turns to a pale blue similar to that 
of  the starting complexes. Vibrational spectra and 
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Table 3. Crystallographic data for Cu(OzCCsH,7)2(py)2(H20) 
and processing parameters of X-ray structure determination 

Molecular formula C28H46CHN20 5 
Molecular weight 554.2 
Colour blue 
Crystal size (mm) 0.42 x 0.38 x 0.05 
Crystal system monoclinic 
Space group C2/c 
a (A) 15.603(6) 
b (A) 5.612(1) 
c (A) 33.789(11) 
/~ (') 90.80(2) 
V (A3) 2958.5 
Z 4 
F(000) 1188 
Doric (g cm 3) 1.244 
Radiation Mo-K, ), = 0.71067 
/l(Mo-K~) 9.78 cm 
Observed reflections, I > 2.5~r(I) 3402 
Unique reflections 8668 
Measured reflections 13206 
Intensity variation __+ 2.5% 
R = Y~rPF,,I- IF~II/EIF,,I 0.069 
Rw = w(llb],l-IF~ll2/ZIFol2) ':2 0.087 
GOF 1.14 
p, min. and max. (e A 3) -0.810, 0.990 

elemental analysis results of the products of  
decomposition indicate the formation of the ori- 
ginal dicopper(II) tetracarboxylates. 

The decomposition of  Cu2(O2CR)4(py)2 was also 
observed by TG analysis. TG curves for 
Cu2(O2CC7H15)4 and Cu2(O2CCTHis)4(py)2 are pre- 
sented in Fig. 1. Whereas under experimental con- 
ditions of  measurement copper(II) octanoate is 
stable up to 210c~C, for Cu2(O2CC7Hrs)4(py)2 gra- 
dual weight loss, most likely due to loss of  pyridine, 

0 
10 

2O 

30 \~/  

5O 

6C 

7C 

' 1do ~ 26o  ' 36o  ' 4bo  
T('C) 

Fig. 1. TG curves for Cu2(O2CC7Hls)4 (solid line) and 
Cu2(O2CC7HIs)g(py)2 (dashed line). 

was observed. The process of giving off pyridine 
cannot be clearly distinguished from other thermal 
decomposition processes because the mass loss cor- 
responding to two pyridine molecules per one mol- 
ecule of Cu 2(OzCCyH15)4(py)2 does not occur before 
240"C. The observed residual mass for both com- 
pounds corresponds approximately to CuO as the 
final product of thermal decomposition. Similarly, 
CuO is a thermal decomposition product of some 
copper(II) formate, acetate and propionate com- 
plexes with dimethyl pyridines, 27 pyridine and pico- 
lines. 28 TG curves of the other studied binuclear 
copper(II) carboxylate pyridine complexes do not 
significantly differ from that of Cu2(O2 
CC7Hls)4(py)2 (Fig. 1). In some cases the residual 
mass indicates some decomposition of the CuO to 
copper, as already reported by Seddon and W o o d  29 

for copper(II) dodecanoate. The residual mass data 
are given in Table 4. 

M o n o n u c l e a r  comp lexes  

The blue complexes studied were unstable in air 
and all attempts to obtain vibrational spectra of  the 
pure compounds of  this type apart from aquabis 
(nonanoato)bis(pyridine)copper(II) were not suc- 
cessful. In the process of  recording spectra the blue 



Copper(II) compounds with fatty acids and pyridine 

Table 4. Mass of residuals (%) after TG analysis of Cu2(O2CR)4 and Cu2(O2CR)4(py)2 
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Cuz(OzCR)4 Cu2(O2CR)4(py)2 
n n 

7 8 9 10 12 7 8 9 10 12 

Experimental 23.0 21.5 20.5 16.5 14.0 17.0 17.0 14.0 14.0 13.5 
Calc. for CuO 24.7 22.7 21.0 19.6 17.2 19.8 18.5 17.4 16.4 14.7 
Calc. for Cu 19.7 18.2 16.8 15.6 13.7 15.8 14.8 13.9 13.1 11.7 

colour at least partially turned to green and we 
obtained spectra of mixtures of  different species. 

The instability of the mononuclear compounds 
and problems connected with their manipulation 
was also the reason for disagreement between the 
theoretical and experimental values of carbon, 
hydrogen and nitrogen analysis (Table 1). The best 
agreement between expected and experimental 
elemental analysis results was obtained for the most 
stable compound among mononuclear complexes, 
Cu(O2CCsHj7)2(py)2(H20). We succeeded in grow- 
ing monocrystals of this complex, to perform X-ray 
structure analysis and to interpret its vibrational 
spectrum. 

The crystal structure of blue aquabis 
(nonanoato)bis(pyridine)copper(II) consists of 
mononuclear units and is shown in Fig. 2. The 
selected bond lengths and angles are presented in 
Table 5. The coordinate geometry of the copper 
atom can be described as approximate square pyr- 
amidal. The two pyridine nitrogen atoms and two 
carboxylate oxygen atoms form a tetrahedrally dis- 
torted basal square plane. The deviations from the 
mean plane for the nitrogen and O(1) atoms are 
large, 0.119 /~. The copper atom is shifted out of  
the mean basal plane towards the apex of the pyra- 
mid by 0.098 &. Presumably, steric reasons are 
responsible for the tetrahedral distortion of the 
basal plane. The water oxygen atom is in the apical 

position and lies together with copper on a two-fold 
rotation axis. The distances Cu--O(1)  [1.944(4) &], 
C u - - N  [2.028(4) &], as well as C u - - O H  2 [2.196(6) 
~], are comparable with those found for 
bis(phenoxyacetato)aquabis(pyridine)copper(II),31 
bis(6 - methoxy - ~ - methylnaphthalene - 2 -acetato) 
aquabis(pyridine)copper(II) 32 and trans-aquabis 
(pyridine)dibenzoato copper(II). 33 The copper(II) 
ions in these complexes are also in a square py- 
ramidal environment, carboxylate ligands are uni- 
dentate and the distortions of the basal planes 
are similar to the distortion described herein. In 
our complex, the carboxylate 0(2) oxygen is not 
coordinated to copper but is bound to water from 
a neighbouring molecule by the O - - H . . . O ( 2 )  
hydrogen bond of 2.691(5) & (Fig. 3). 

The packing of the mononuclear units, presented 
in Fig. 4, is determined by the intermolecular hydro- 
gen bond as well as by arrangement of  long hydro- 
carbon chains. Layers of metal-oxygen cores are 
separated by a layer of parallel alkyl chains. The 
minimum distance between neighbouring chains is 
between C(13) and C(19) ( - x ,  - l - y ,  - z )  (4.023 
A). 

The IR spectrum of  aquabis(nonanoato)bis 
(pyridine)copper(II) showed a wide band at about 
3200 cm -j ,  which can be assigned as v(O--H) 
(Table 2). This relatively low value can be explained 
taking into account the described hydrogen bond. 34 

C12 C ~  C14 ~ O l  \ vd~ 
C16 ~ "~O2 N~.~C5 

_ ~ ~ ~ C 1 5  'C13 CI~ ~C4 
C2 C3 

C19 
Fig. 2. ORTEP 3° view of the structure of Cu(O2CCsH~7)2(py)2(H20) showing the atom labelling 

scheme. 
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Table 5. Bond lengths (A) and angles (9 with standard deviations in 
parentheses 

Cu--O 
Cu--O(l ) 
Cu--N 
O(1)--C(11) 
O(2)--C(11) 
C(I 1)--C(12) 
N--C(1) 
N--C(5) 
C(1)--C(2) 
C(2)--C(3) 

O(1)--Cu--O(1 )' 
O(I)--Cu--N 
O(1)--Cu--N i 
O(1)--Cu--O 
N--Cu--O 
N--Cu--N i 
Cu--O(1)--C(11) 
O(l)--C(11)--O(2) 
O(1)--C(11)--C(12) 115.4(5) 
O(2)--C(11)--C(12) 119.7(5) 
Cu--N--C(l)  120. l (4) 
Cu--N--C(5) 120.3(4) 
C(1)--N--C(5) 119.6(5) 

2.196(6) C(3)--C(4) 1.380(9) 
1.944(4) C(4)--C(5) 1.392(8) 
2.028(4) C(I 2)--C(13) 1.540(9) 
1.252(7) C(13)--C(14) 1.528(9) 
1.230(7) C(14)--C(15) 1.541(10) 
1.503(9) C(15)--C(16) 1.513(10) 
1.340(7) C(16)--C(17) 1.533(10) 
1.318(7) C(17)--C(18) 1.509(12) 
1.397(7) C(18)--C(19) 1.562(12) 
1.374(9) 

178.79(20) N--C(1)--C(2) 121.6(5) 
88.84(16) C(1)--C(2)--C(3) 118.6(6) 
91.29(16) C(2)--C(3)--C(4) 119.4(5) 
89.40(14) C(3)--C(4)--C(5) 118.7(6) 
96.14(13) N--C(5)--C(4) 122.1(5) 

167.71(18) C(I 1)--C(12)--C(13) 114.1(5) 
122.1(4) C(12)--C(13)--C(14) 113.1(6) 
124.9(6) C(13)--C(14)--C(15) 109.9(6) 

C(14)--C(15)--C(16) 112.7(6) 
C(l 5)--C(16)--C(17) 111.2(6) 
C(16)--C(17)--C(18) 112.4(7) 
C(17)--C(18)--C(19) 110.4(7) 

Symmetry code : ' - x, y, 1/2- z. 

The band assigned as v~s(C--O) is split into two 
partially overlapping bands and shifted slightly 
towards higher frequencies, from 1588 cm -~ to 
approximately 1590-1600 cm -~. Its value cannot 
be determined accurately because of the overlap 
with very strong pyridine bands in the region 

• . . . .  

N 

O1 

Cll 

~oO2 
Fig. 3. Hydrogen bonds in Cu(O2CC~Hjv)2(py)2(H20). 

between 1600 and 1620 cm t. The v~(C--O) retains 
the value of 1417 cm ~ and the separation between 
v~s(C--O) and vs(C--O) only increases slightly. For 
the unidentate carboxylate ligands an appreciably 
higher separation value would be expected, us It 
was shown, 18 however, that the occurrence of 
hydrogen bonding between the non-coordinated 
oxygen atom of a unidentate carboxylate ligand 
and other ligands or a solvent may give a "pseudo- 
bridging" arrangement. In that case, the unidentate 
carboxyl group retains the symmetrical structure. 
As already described, such unidentate symmetrical 
carboxylate groups are characteristic of aquabis- 
(nonanoato)bis(pyridine)copper(II) and this fact is 
reflected in the observed low v(C--O) frequency 
separation. 

The most obvious difference between spectra of 
binuclear and mononuclear copper(II) nonanoate 
pyridine complexes is in bands at about 1078, 1038 
and 1013 cm -1. These bands in the series of mono- 
nuclear complexes are split and probably arise from 
pyridine in-plane breathing vibrations.19 2~ 

In spite of the lack of firm proof, on the basis of 
indications in IR spectra and elemental analysis 
results for the other four blue complexes of 
copper(II) heptanoate, octanoate, decanoate and 
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Fig. 4. Packing diagram for Cu(O2CCsH ~7)2(py)_~(H~O). 
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d o d e c a n o a t e  with pyr idine,  we s t rongly  believe 
that  they are m o n o n u c l e a r  with the s to ich iomet ry  

Cu(O2C R)~_(py)2(H20). 
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