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Chapter 2

2.1 Introduction
Zinc white (ZnO) has been used as an artists’ pigment since the first half of the 19th century.
The formation of zinc palmitate and zinc stearate in ZnO-containing oil paints is an important
problem for paintings conservators.”*>"**'4" Besides causing the loss of pigment, the zinc alka-
noates (Zn(C,),, C,= CH;(CH,),_,COO") are known to cause increased transparancy that al-
ters the appearance of the painting and their growing aggregates often weaken the entire paint
layer causing delamination and paint flaking. To improve our understanding of these degrada-
tion processes, we have investigated the exact structure and likely compositions of zinc alkanoates
formed in oil paint systems. Since oil paint is a highly heterogeneous system that commonly con-
tains a mixture of pigments, additives and oil, it is relevant to include zinc alkanoate structures
that form in environments rich in K* or Na*. Metal alkanoate structures incorporating zinc
and sodium have been studied before by FTIR® and X-ray crystallography,® but to the best of
our knowledge the combination of zinc and potassium has never been reported. In a more gen-
eral context, divalent metal alkanoates, also known as metal soaps, are widely applied as driers
in paints, heat stabilisers in plastics,’® coatings for corrosion protection,®® components in lubri-
cating greases, and they are highly useful as precursors in the preparation of nanoparticles and
nanofilms. '*®

Single-crystal structures have been reported for Zn(Cq),,*° Zn(C,),*® and Zn(Cy),.** How-
ever, it has not been investigated how long-chain zinc alkanoate complexes compare to these
single-crystal structures. Since long-chain metal alkanoates do not easily form crystals suitable
for single-crystal X-ray analysis, the structures of Zn(Cs),, Zn(Cyg), and their variations were
studied by a combination of powder X-ray diffraction (PXRD) and Fourier transform infrared
spectroscopy (FTIR). From the short-chain single-crystal structures and FTIR spectroscopy of
Zn(C,), compounds,®" it is known that ordinary zinc alkanoates are layered structures contain-
ing metal sheets of tetrahedrally coordinated Zn** ions. These ions are bridged in syn-anti ar-
rangement by carboxylate groups with tilted alkyl chains extending from either side of the metal
sheet (Fig. 2.1). The structure of ZnNa,(Cq), is also known, and differs from Zn(C,), with a
metal sheet that contains, besides zinc, octahedrally coordinated sodium ions in the metal sheet

and alkyl chains that are almost perpendicular to the metal sheet (Fig. 2.2).%°

Figure 2.1. The crystal structure of
Zn(Cg),, with Zn atoms as pale purple
spheres and O as red bonds.** The dis-
tance d, is usually referred to as the long
spacing. Hydrogen atoms are omitted for
clarity.
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Figure 2.2. The crystal structure of ZnNa,(Cs)4, with Zn atoms as pale purple spheres, Na as dark red
spheres and O as bright red bonds.** The distance d, is usually referred to as the long spacing. Hydrogen
atoms are omitted for clarity.

We report the synthesis of homologous series of zinc alkanoate complexes with varying chain
lengths that incorporate sodium or potassium ions, and the single-crystal structure of ZnK,(Cg),.
Using structural parameters measured with PXRD, a comparison is made between long-chain
complexes and single-crystal data of short chain zinc alkanoates. Additionally, the present work
aims to improve the accuracy and reproducibility of PXRD measurements on metal alkanoate
complexes. FTIR is employed to investigate the carboxylate binding modes in the different com-

plexes.

2.2 Experimental

2.2.1  Double decomposition synthesisof Zn(C,),  Zn(C,), was synthesised by adding a so-
lution of 1.0 g (3.4 mmol) Zn(NO;),.6H,0 in 5 mL demineralised water to a solution of 5 mmol
alkanoic acid (C,) and 1 mL (7.2 mmol) triethylamine (TEA) in 25 mL demineralised water at
70 °C. The precipitated white product was washed with demineralised water on a Biichner funnel

and dried in a desiccator over P,0s.

2.2.2 Synthesis of ZnNa,(C,); fromZnO  ZnNa,(C,), was synthesised by preparing a solu-
tion of 100 mg (2.5 mmol) NaOH and 5 mmol alkanoic acid (C,) in 25 mL demineralised water
at 70 °C and adding 150 mg (1.8 mmol) ZnO. After 2.5 hours of stirring, the white precipitate
was collected on a Biichner funnel, washed with demineralised water and dried in a desiccator
over P,0s.

2.2.3 Synthesis of ZnK,(Cyg); and ZnNa,(Cyg), with ZnO in linseed oil A variation of the
ZnO reaction was carried out with NaOH or KOH by dissolving 166 mg (0.58 mmol) stearic acid
in 5 mL untreated cold-pressed linseed oil (Kremer Pigmente) at 40 °C. After adding 1.1 mmol
NaOH or KOH and 234 mg (2.9 mmol) ZnO, the mixture was stirred overnight. Then, 10 mL
toluene was added to dilute the reaction mixture, followed by filtration on a Biichner funnel. The
solid product was washed with toluene and acetone until the filtrate was colourless, and dried in
air at room temperature.
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2.2.4 Melt synthesis of ZnK,(C,,);  ZnK,(C,), complexes were prepared by melting a stoi-
chiometric mixture of Zn(C,), and the corresponding K(C,,) compound. K(C,) was synthesised
by neutralising C, with KOH in ethanol and precipitating the potassium soap with cold diethyl
ether. The product was collected on a Biichner funnel and washed with diethyl ether to remove
unreacted C,. Then, K(C,) and Zn(C,) were finely ground together with mortar and pestle in
a 2:1 molar ratio. The mixed powder was heated with a heat gun in a round-bottom flask un-
der argon until all powder was melted. Upon cooling, the mixed complex crystallised and was

ground once more before analysis.

2.2.5 ATR-FTIR analysis =~ ATR-FTIR spectra of dried powders were collected on a Varian
660-IR FT-IR spectrometer using a Pike Technologies diamond GladiATR module. Spectra were

averaged over 16 scans with a spectral resolution of 4 cm™.

2.2.6 PXRD analysis  Crystal lattice spacings were measured on a Rigaku MiniFlex II desk-
top X-ray diffractometer with Cu Ka radiation (A = 1.54180 A) at 30 kV and 15 mA. Diffrac-
tograms were recorded in a 26 = 1-40° range (5°/min scan rate and 0.05° step size). Contribution
of the Cu Ka, line was subtracted before analysis. Samples were prepared by manually pressing
finely ground powder in a glass sample holder.

A sample displacement correction was applied to all measurements to yield accurate and
highly reproducible values for the long spacing of zinc alkanoates. In PXRD measurements, a
vertical displacement of the sample from the center of the diffraction goniometer results in a
shift of diffraction peaks. The error is dependent on the vertical displacement Ax and 6, with a

larger error at smaller angles. An expression can be derived that describes the error in d

gcosze
LR sin6

in which d, ., is the measured spacing, d is the true spacing and R is the radius of the goniome-

Aneas = A1, — 2.1

ter."* As an example, Fig. 2.3 shows the diffraction pattern of ZnK,(Cy),. The peaks were as-
sumed to be (001)-(007), and plotted as function of cos? 6/sin @ to obtain a linear correlation.
The intercept of the fitted line gave the corrected long spacing d; and the slope dL% could be

used to calculate the sample displacement.

2.2.7 Single-crystal XRD analysis  ZnK,(C¢), was crystallised from ethanol by vapour dif-
fusion of hexane at 4 °C. Crystallographic data was obtained at 150 K using a Bruker D8 Quest
Eco diffractometer equipped with a Triumph monochromator (A = 0.71073 A). The intensi-
ties were integrated with the SAINT software package (Bruker, SAINT-Plus, Bruker AXS Inc.,
Madison, Wisconsin, USA, 2001). Multiscan absorption correction and scaling was performed
with SADABS.""” The structure was solved with Intrinsic Phasing Methods using SHELXT."**
Least-squares refinement was performed with SHELXL 2013 against F* of all reflections. "’ Non-
hydrogen atoms were refined freely with anisotropic displacement parameters. All hydrogen
atoms were refined with a riding model.

CyH4K,04Zn, F,, = 604.16, colourless needle 0.670 x 0.209 x 0.189 mm, monoclinic, C2/c,
a = 33.3705(17) A, b = 8.4929(4) A, ¢ = 11.2972(6) A, B = 105.245(2)°, V = 3089.1(3) A°,

22



The molecular structure of three types of long-chain Zn(ll) alkanoates

33

I a g b

intensity
A

y=-0.089x + 32.71
R?=10.986

PRI vt S e e B s i e s i SR Rarfiirrain 30_57“"I““I““Iwwwwl
0 5 10 15 20 25 30 5 10 15 20

26 (°) c0s?6/sin 6

Figure 2.3. Illustration of the sample displacement correction. (a) PXRD pattern of ZnK;(Cy4)4, with black
dots labeling the (00/) peaks. (b) The d-values corresponding to the (00/) peaks as function of cos” 8/sin 6.
The intercept of the fitted line yields the corrected long spacing.

Z = 4, D, = 1299 g/cm’, y = 1104 mm™, 0, = 29.240°, F(000) = 1280.0, and R,/wR,/S:
0.0539/0.1706/1.138.

2.3 Results and discussion

2.3.1 Synthesis of mixed metal soap complexes A series of zinc alkanoate complexes was
synthesised (Zn(C,),, n = 8-18) via double decomposition using Zn(NO;),.6H,O as zinc source
and triethylamine (TEA) as base. When the reaction was altered by employing ZnO as precur-
sor and NaOH as base, it resulted in the formation of mixed zinc/sodium alkanoate complexes
(ZnNa,(C,),), as identified by shifting carboxylate bands in FTIR (Fig. 2.4). As an alternative
route to ZnNa,(C,),, Zn(NO;),.6H,0O was dissolved in an aqueous 0.5 M NaOH solution, re-
sulting in the (partial) precipitation of zinc oxide and hydroxide species, before addition to the
alkanoate solution. These syntheses differ from the method of Toda et al., in which Zn(SCN),
was used as zinc source.?

While we did not investigate extensively why the precipitation of ZnNa,(C,), only occurs
for certain zinc precursors, it is hypothesised that the fast rate of Zn(C,), precipitation plays
an important role. In aqueous solutions at acidic or mildly alkaline pH, Zn*" exists as a hy-
drated ion,*° capable of immediate precipitation after addition to an alkanoate solution. It may
be that, although the formation of ZnNa,(C,), is favoured in the presence of sodium ions, it is
much slower than the formation Zn(C,), because an extra component is needed to build up the
structure. Presumably, the immediate precipitation of Zn(C,), prevents sodium from being in-
corporated; due to its low solubility, once Zn(C,), has formed it does not redissolve in aqueous
solution to form the favoured mixed metal product. Under all conditions that lead to the forma-
tion of ZnNa,(C,),, zinc exists either as a soluble metal complex (Zn(NCS)3™ ¢ or Zn(OH)2™*°)

or as poorly soluble ZnO. Precipitation starting from these zinc precursors is thought to be suf-

23



Chapter 2

ficiently slow to allow the incorporation of sodium ions.

The ZnO synthesis procedure did not yield ZnK,(C,),for Cs-C;, when KOH was used as
base. ZnK,(Cy), and ZnK,(Cyg), could be obtained via ZnO, though the yields were generally
low. Since sodium alkanoates are far less soluble in water than potassium alkanoates,” and the
solubility of potassium alkanoates increases with shorter chain lengths, it is likely that the un-
successful syntheses can be explained by an insufficient driving force for precipitation of short
chain potassium alkanoates. Therefore, the entire series of ZnK,(C,), complexes was prepared
by melting a mixture of Zn(C,), and K(C,) powders in a 1:2 ratio, yielding the mixed metal
product upon cooling.

The double decomposition and melt syntheses yielded products of high purity, as observed by
FTIR and PXRD. The products of ZnO syntheses often contained small impurities of Zn(C,), or
Na(C,), but the corresponding PXRD peaks did not interfere with the calculation of structural
parameters.

We found that the ZnO syntheses of ZnNa,(Cyz), and ZnK,(Cyg), were successful when car-
ried out in linseed oil, which is of special relevance in the context of oil paint degradation studies.
Since the hydrophilic reactants were not easily homogenised in the oil medium, the product often
contained Zn(C,), as by-product. Importantly, this reaction shows that it is reasonable to expect
the occurrence of zinc/sodium or zinc/potassium alkanoate species when sodium or potassium

containing pigments are present in a paint system that includes ZnO.

2.3.2 IR spectroscopy of zinc palmitate complexes = ATR-FTIR spectra of the complexes
Zn(Cyg),> ZnNa,(Cyg)4 and ZnK,(Ci4), are shown in Fig. 2.4. The FTIR spectrum of Zn(Cy),
is in accordance with literature.®® We also reproduced the synthesis of ZnNa,(Cq), as reported
by Lah et al., and compared its FTIR spectrum (not shown) with the spectra of ZnNa,(C,), and
ZnK,(Cys)y in Fig. 2.4a and b. The high similarity between the three spectra confirmed the 1:2
stoichiometry of Zn and Na/K ions in the long-chain mixed metal complexes. The introduction
of sodium or potassium ions in the zinc alkanoate structure mainly affects the position of the
carboxylate vibration bands. In accordance with Toda et al.,” in ZnNa,(C), the asymmetric
carboxylate vibration v, is shifted from 1540 cm™ to 1595 cm™, with two smaller bands appear-
ing at 1609 cm™ and 1620 cm™. Additionally, the 6(COO) band is shifted from 740 cm™! to
680 cm™'. The FTIR spectrum of ZnK,(Cys), (Fig. 2.4a) is similar to that of the sodium com-
plex, but shows a symmetric carboxylate vibration v{(COO) at 1387 cm™), a weaker series of CH,
progression bands in the region 1300-1180 cm™" and a split §(COQ) band at 660/646 cm™". The

relation between the FTIR spectra and the molecular structure is discussed below.

2.3.3 XRDanalysis  As an example of typical PXRD patterns of zinc alkanoates, the diffrac-
tograms of a set of ZnK,(C,)4 complexes (n = 8-18) are shown in Fig. 2.5a. All zinc alkanoates
showed a characteristic (00/) series of peaks corresponding to the length of the long axis of the
unit cell dp (Fig. 2.1 and Fig. 2.2). Additionally, the region 20 = 19-27° showed a set of short
spacing peaks that is characteristic for the size and type of subcell in which the alkanoate chains
pack between the metal layers (Fig. 2.5b).
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Figure 2.4. ATR-FTIR spectra of (a) ZnK;(Cis)s, (b) ZnNay(Cig)s and (c) Zn(Ce),.

In the calculation of long spacings in metal alkanoate structures, it is essential to correct for
sample displacement. Especially at low diffraction angles, even very small vertical deviations of
the sample surface from the centre of the goniometer in the diffractometer cause significant shifts
in peak positions. In order to obtain accurate and reproducible values of d;, we applied a correc-
tion method that takes into account all observable diffraction orders of the long spacing (Fig. 2.3).
The method fits the values to Eq. 2.1, which is dependent on 0 and sample displacement describ-
ing the error in d;.™ In our measurements, typical sample displacements were calculated to be
0.2-0.4 mm. The accuracy of our long spacing measurement protocol was confirmed by com-
paring d; of several identical complexes prepared via melt synthesis and via decomposition. The
corrected long spacings were equal within the standard error.

The long spacing values of Zn(C,),, ZnNa,(C,), and ZnK,(C,), (n = 8-18) are shown in
Table 2.1. For all three complexes, a linear relationship exists between the long spacing and
alkanoate chain length (Fig. 2.6). The high accuracy of the lines fitted through the values of dj,
as indicated by the small variance in the residual plot, shows that each complex is structurally
homologous over the entire Cg—C,4 range, meaning that each set of structures is identical except
for the alkanoate chain increasing in length.

From the d; /n-plots in Fig. 2.6, we may infer two important structural parameters. Firstly, the
value of the line fitted through the d; values at n = 0, dc,, is the long spacing for a hypothetical
complex with an alkanoate chain length of zero carbons, which is proportional to the thickness of
the coordinated layer of metal ions in the crystal structure (Table 2.2).%¢ Secondly, since the C-C
bond length is constant, the slope of the fitted line yields information about the angle between the

alkanoate chains and the long axis of the unit cell. However, the chains need not be symmetric
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Figure 2.5. (a) PXRD patterns of the series of ZnK;,(C,); complexes. Intensities are normalized to the first
peak. (b) Details of PXRD patterns in the region 20 = 19-27° for ZnK;(Cs)4, ZnNay(Cie)s and Zn(Cye),.
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Figure 2.6. (a) The long spacings d| of Zn(C,); (circles), ZnNa,(C,)4 (squares) and ZnK,(C,)4 (triangles) as
function of alkanoate chain length n. (b) Residual plot showing the accuracy of the linear fits. Left of the
dashed line, single-crystal long spacings are indicated for Zn(Cs),, *° Zn(C),,*® ZnNay(Ce)s >° and ZnK,(Ce)4
(this work). Solid lines represent the fit through only the PXRD data for each series.
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Table 2.1. The PXRD long spacings d, of three zinc alkanoate complexes with chain lengths n = 8-18.
Numbers in parentheses are the standard error in the last decimal.

n Zn(C,), ZnNay(Cr)s  ZnKy(Cy )4

8 20.88(4) 24.03(4) 20.85(2)

10  2516(2)  29.22(4) 24.82(2)
12 29.54(4) 34.8(2) 28.75(4)
14 34.02(5 39.44(7) 32.71(4)

16 38.46(7) 44.43(5) 36.77(6)
18  4276(5) 49.40(7) 40.70(5)

on both sides of the metal sheet and they may be at an angle with the long axis in both the (100)
and the (010) plane. Therefore, we define a tilt factor

1
Fyy = > (cos ) cos @, + cos 0, cos @,) = S,/Sy 2.2

in which 0 and ¢ are the angles between an alkanoate chain and the long axis in the two crystal
planes that contain the long axis. The indices 1 and 2 refer to the longest chains extending on
either side of the metal sheet (thus accounting for possible chain asymmetry), S, is the slope in
the experimental dj /n-plot, and S, is the slope for chains parallel to the long axis (see Fig. 2.7 for
a schematic illustration of Fy; ). When the unit cell is occupied by two opposing alkanoate chains,
S is twice the average C—C distance in the direction of the chain (2.537 A, calculated from the
structure of Zn(Cg),°*). Hence, Fy, can be interpreted as a measure of the average chain tilt,
with Fy, = 1 signifying chains parallel to the long axis. Experimental PXRD and literature single-

crystal values of Fy, are given in Table 2.2.

2.3.4 The structure of long chain Zn(C,,), and ZnNa,(C,,); complexes  First, we will com-
pare the structural information obtained from the Zn(C,), powder series with the single-crystal
structure of zinc octanoate (Fig. 2.1).°* The long spacing retrieved from the single-crystal struc-
ture (21.09 A) corresponds well to our powder data for zinc octanoate (20.88 A, Table 2.1). Both
the similarity of the FTIR spectra within the Zn(C,), series and the linear correlation of d; and
n suggest that long chain zinc alkanoates have a structure that is very similar to zinc octanoate. It
is known that for n < 7 in Zn(C,), structures, the number of Zn(C,), units in the unit cell is dou-
bled because every second metal sheet is mirrored (i.e. Z = 4 for n <7 and Z = 2 for n > 8).4%%°
Therefore, for these short-chain complexes the distance between metal sheets is given by d; /2. By
plotting d; /2 of Zn(Cg), and Zn(C,), in Fig. 2.6, we can see that despite the mirroring layers for
n < 7, the average tilt of the alkanoate chains does not change in the entire range n = 6-18. The
tilt factor derived from PXRD data compares reasonably well with Fy; calculated for Zn(Cy),.

1,7791237132 we find no evidence for overlapping alkanoate chains

Contrary to reports by Ellis et a
in Zn(C,), structures;'>° chain overlap would lead to a non-linear correlation in the d;/n plots

or a sudden change in slope where alkanoate chains start to overlap.
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I Figure 2.7. Schematic representation of an

: alkanoate chain of length d,, in a unit cell. The
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The structure of ZnNa,(Cg), (Fig. 2.2) reported by Lah et al. is described as a layered metal
alkanoate with metal sheets that combine zinc and sodium ions, and carboxylate groups in which
one oxygen binds two sodium ions and the other oxygen binds one zinc and one sodium ion.**
The distance between metal sheets of ZnNa,(Cy), is in clear agreement with the linear trend in
the ZnNa,(C,), series (d;/2 = 18.80 A for the single-crystal vs. d; = 19.17 A calculated from our
PXRD data). The chain tilt factor calculated from the reported structure is in excellent agreement
with the experimental value in Table 2.2, corresponding to chains that lie nearly parallel to the
long axis. The 20 = 19-27° region in PXRD shows that the alkanoate chains are indeed packed
differently in ZnNa,(Cs)4 than in Zn(Cy), (Fig. 2.5b). Moreover, the larger value of d¢, in the
mixed metal alkanoate reflects the increased thickness of the metal sheet when sodium ions are
incorporated. The inclusion of sodium ions is also suggested in the FTIR spectrum (Fig. 2.4b).
The splitting of the v,(COO) band is caused by the presence of two inequivalent carboxylate
moieties in ZnNa,(Cy4)4. The increasing difference between v, and v, from 140 cm™ for Zn(Cy),
to 206-233 cm™ for ZnNa,(Cy4)4 marks a switch from bridged syn-anti carboxylate coordination

to an effective monodentate coordination,™"”

indicating that the O—Na bond is very weak.
Again, the linear trend in the d;/n plot and the similarity in the FTIR spectra over the en-
tire n = 8-18 range confirm that long chain ZnNa,(C,), complexes can be formed and have a

structure very similar to ZnNa,(Cq), (Fig. 2.2).

2.3.5 The structure of ZnK;,(C,,);  Complexes of layered zinc alkanoates that incorporate
potassium ions have not been reported before. In the FTIR spectrum of ZnK,(C), (Fig. 2.4),
the v,(COO) frequency and overall band pattern are highly similar to ZnNa,(C4),, suggesting
that the carboxylate coordination geometries and metal layer structure in the two complexes are
closely related. This similarity is also supported by the PXRD patterns of both complexes in the
chain packing region (Fig. 2.5b). The increase of d¢, from 4.0 A to 4.94 A is expected when
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Table 2.2. The crystal parameters dc, and Fy; extracted from the di/n plots of the three zinc alkanoate
series. Numbers in parentheses are the standard error in the last decimal(s).

complex (n=8-18) dc, (A PXRD Fy:  single-crystal Fy;

Zn(Cyp)2 3.24(10)  0.866(3) 0.795°*
ZnNay(Cp)4 4.0(4) 0.997(12) 0.997°°
ZnK,(Cp)g 4.94(6) 0.783(2) 0.602

sodium ions are replaced by potassium ions that have a larger ionic radius. The major difference
between the ZnNa,(C,), and ZnK,(C,), complexes seems to be the angle of the alkanoate chains,
reflected by a tilt factor of 0.783 rather than a value close to 1 for the zinc/sodium complex. This
lower value implies average chain angles similar to those in Zn(C,), complexes.

We obtained a single-crystal structure of ZnK,(Cs)4, shown in Fig. 2.8. There was still some
disorder in the position of the hexanoate chains; a mixture of two structures that only differ in
the rotation of the terminal —-CH,CHj3 groups of half the hexanoate chains gave the best fit of
crystallographic data (only one position is shown in Fig. 2.8). There are many similarities be-
tween the structures of ZnK,(Cg), and ZnNa,(Cg),:>° both complexes have hexanoate chains
that are directed at equal angles on both sides of the metal sheet, both have consecutive metal
sheets that only differ by a 90° rotation, and both have similar coordination geometries of car-
boxylates around Zn** and Na*/K" (see Fig. 2.8b). However, the hexanoate chains are clearly
tilted significantly in the case of ZnK,(Cq),. The tilt is caused by the larger size of the potassium
ions (133 pm vs. 97 pm for K* and Na*”), which is also seen in the average ion-oxygen bond
length in the complexes (Na—O = 2.438 A and K-O = 2.718 A). Since the average Zn-O bond
length is nearly identical in both complexes (1.960 A vs. 1.964 A), the hexanoate chains need to
turn away from the long axis to accomodate the larger potassium ions.

The value of Fy; calculated from the single-crystal structure of ZnK,(Cg),is 0.602, which is
somewhat lower than the value that was obtained from the d; /n-plot in Fig. 2.6. Since the long
spacing of ZnK,(Cq), does fall neatly on the trend of the Cg—C,;3 homologous series, implying
a similar structure and chain angle throughout the series, this discrepancy between the two F;
values could be caused by a rotation of half the alkanoate chains around the C1-C2 bond in the
structure of ZnK,(C,), (see Fig. 2.8a). Such a rotation prevents a full extension of the alkanoate

chain, leading to a smaller contribution of the chain to the long spacing.
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1/2d, ' t

Figure 2.8. Crystal structure of ZnK;(Cs)s. Zn is pale purple, K is green, and hydrogens are omitted for
clarity. (a) View along the b-axis, showing the tilt in the hexanoate chains. (b) View along the long axis
on a metal ion plane, showing the tetrahedral coordination around Zn** and the octahedral coordination
around K*. For clarity, only the carboxylic carbons are drawn.

2.4 Conclusions

Three types of zinc alkanoate complexes, Zn(C,),, ZnNa,(C,), and ZnK,(C,),, were synthesised
and studied with FTIR and PXRD. All three complexes are layered metal-coordinated structures
that form a homologous series for n = 8-18, meaning that the molecular structures are indepen-
dent of alkanoate chain length in this range. The FTIR spectra show that the carboxylate coordi-
nation changes dramatically when sodium or potassium ions are incorporated in the metal sheet,
switching from syn-anti bridging to an effective monodentate geometry. Moreover, the changes
in the metal sheet upon sodium incorporation cause the alkanoate chains in ZnNa,(C,), to be-
come symmetric on both sides of the sheet and to lie almost parallel to the long axis. While
the metal sheet structures in ZnNa,(C,), and ZnK,(C,), are similar, the alkanoate chains in
ZnK,(C,)4 are notably tilted.

The reported structures show that, potentially, there is considerable variation in the compo-
sition of zinc(II) alkanoates. Moreover, a combination of FTIR and PXRD is very successful at
elucidating the molecular structure of layered metal alkanoates. For the field of oil paint conser-
vation, this work shows that mixed metal alkanoates are capable of forming in an oil medium
and that FTIR is a strong technique to distinguish between the different types of zinc soaps.
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