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Abstract

The oxidative drying of alkyd paints has many similarities with the way lipids are oxidized in biological systems. Metal salts based on Co, Fe
and Mn are added to accelerate the oxidative drying of conventional alkyd paints. Although the mechanism by which alkyd paints dry has been th
subject of numerous investigations, little information is available on the structure and the actual mechanism by which driers catalyze the oxidatio
process. In this communication we describe the identification of metal clusters in drier solutions by electrospray ionization mass spectrometn
(ESI-MS). Evidence is provided for the presence of several metal clusters ranging ffamp td Ms as well as the coexistence of mixtures of
(mixed-valence) clusters in the same solution.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction shown that Co-based catalysts are suspected of carcinogenicity

in aerosol2], which may force the paint industry to search for

The oxidative drying of alkyd-based paints can be regardeduitable environmentally friendlier alternatives.
as a lipid oxidation process taking place at the fatty acid chains Although efforts have been made to develop alternative driers
attached to the backbone of so-called binders (polyesters motlased on manganefH, iron has not been considered suitable
ified with polyunsaturated fatty acids, such as linoleic andfor two generally assumed reasons: (1) iron is not effective in
linolenic acid). The oxidation process consists mainly of threghe oxidative drying of alkyd coatings at room temperature, and
different steps: initiation, propagation and terminafibjpinthe  (2) the dark color of paint films due to the presence of iron
absence of proper catalysts (or driers) the drying process woukhlts. Contrary to this general idea, a new and very effective
be far too slow for practical applications. Cobalt-based catalystgjrier system based on the combination of iron-2-ethylhexanoate
such as cobalt-2-ethylhexanoate (Co-eh), are currently used @dse-eh)/ascorbic acid derivatives has been developed in our lab-
primary driers for alkyd systems. However, recent studies haveratorieq3].
In the past two decades numerous investigations have been

- carried out to clarify the chemistry involved in the drying of
Abbreviations: Heh, 2-ethylhexanoic acid (eh is the monoanion); Co-eh, alkyd-based paintgl]. To the best of our knowledge, apart from

cobalt 2-ethylhexanoate; Fe-eh, iron 2-ethylhexanoate; Mn-eh, manganese &-few studies on the structure and mechanism of cobalt salts in
ethylhexanoate; ESI-MS, electrospray ionization mass spectrometry

+ Corresponding authors. Tel.: +31 40 2473066; fax: +31 40 2445619, € decomposition of hydroperoxidg, limited informationis
E-mail addresses: w.ming@tue.nl (W. Ming), jacco.vanhaveren@wur.nl  available on the actual species 'nYOIVed n th_e O)f|da'_[|ve d_rylng
(J. van Haveren). of alkyd paints. The purpose of this communication is to iden-
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tify species present in solutions of three catalysts, Fe-eh, Co-eh,
and manganese-2-ethylhexanoate (Mn-eh) by electrospray ion- 100 -
ization mass spectrometry (ESI-MS).
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2. Experimental section

& 8
2.1. Materials % 60 g o o .
S 2
Iron(ll) perchlorate hydrate ~95%) and sodium 2- E 20 e i
ethylhexanoate were obtained from Aldrich. Iron (Nuodex Fe 2 - ¢ NIEIE
10), cobalt (Nuodex Co 6) and manganese (Nuodex Mn 578) & 3 . al 8
driers were supplied by Sasol Servo B.V., The Netherlands. Al & 20 a <’D S
other chemicals were used as obtained from the supplier. o ‘ ‘ J J U\ A ~O
Caution! Inorganic perc.hlorate salts.are potentially explosive 0 M Uy e
and should be handled with care and in small amounts. 00 600 800 1000 1200

2.2. Synthesis of Fe-eh Fig. 1. ESI mass spectrum (positive mode) of Fe-eh in 1-propanol; the main

series of peaks corresponds to QF(W,-O)(eh)g.,x(l-propoxo)]+ (1, x=0-6,

Fe-eh was synthesized with the purpose of making the irofrom high to lowsm/z).
salt soluble in ethyl linoleate (EL, a model compound for alkyd
resins) and resemblinga commercially available iron-based drier
(Nuodex Fe 10).

Fe-eh was synthesized as follows: 15.2g (0.042mol) o
iron(ll) perchlorate hexahydrate was dissolved in 50 mL of
CH3CN. 19.99g (0.12mol) of sodium 2-ethylhexanoate was

. ; . - similar oxo-centered, carboxylate-bridged trinuclear complexes
added in small amounts to the iron solution, resulting in a color

n+
change of the solution from light green to dark brown. The reacpf general formula [MO(O;CR)sL3]"" are known for some

tion was allowed to proceed for 1.5 h at 4D, under magnetic transition metal ion$§6]. Complexes of this structure contain a

stirring and a nitrogen atmosphere. The reaction mixture Watsnangular arrangement of the metal ions bridged by a center oxo

transferred into a round-bottom flask, a few milliliters of ace_group and are structurally related to the active site of numerous
tone added and the solvents evapora£ed in vacuum. The residiron—oxo protein$6]. The existence of the trinuclear Fe(lll) clus-

e. o i
was dissolved in diethyl ether and filtered. A white precipitate%jer identified in this study was confirmed by IR, UV, and thermo-

of NaCIQ, was removed. This procedure was repeated thregrawmetnc analysis. The gradual replacement of one negatively

. : : Charged eh by one solvent molecule, as 1-propoxo (an alkox-
times till complete removal of the NaClGalt. The final prod ide anion), results in the main series of peaksiat= 1042.6,

uct appeared as a dark brown tacky solid. The iron content i )
the complex was found to be 12.3%, and typical IR absorption§58'5’ 874.4,790.3, 706.2, 622.2, and 538.1, corresponding to a

eneral formula [F -O)(eh)_,(1-propoxo)]™ (1, x=0-6,
appeared at (cr): 2960 (m), 2958 (m), 2875 (m), 2877 (m), ?rom highto IOWm[/z#t(hpéasar)rSe fc)ir bfalo?/v) F;'his}r]ep(lac):ementWas
1529 (s), 1419 (s), 1325 (m), and 1028 (w). ' j

unambiguously confirmed by the perfect agreement between

experimental and simulated isotopic distribution of the species
2.3. ESI-MS at m/z=790.3, [F§' (3-O)(eh)(1-propoxo}]*, as shown in

Fig. 2a.

Electrospray ionization mass spectrometry (ESI-MS) mea- gThe ESI mass spectrum of Fe-eh also reveals the presence
surements were performed on an Agilent MSD type Slof three more series of peakBig. 1), with an increase imi/z
(G1946D). Spectra were obtained by direct injection of the(compared to the main series) of 18, With the addition of
sample (previously dissolved in the appropriate solvent at congne solvation water), 327, with the addition of one solva-
centration of approximately 10 mg/mL) to the MS unit using tion methanol), and 544, with the addition of three solvation
100% methanol (HPLC-grade, Biosolve) containing 0.1% acetiGyater molecules), respectively. Both water and methanol can be

acid (p.a. Merck) as eluent at a flow rate of 0.3 mL/min. Typicalpresent as solvation molecules, as methanol was used as eluent
injection volumes were @L. Spectra were obtained in positive qyring ESI-MS experiments.

and negative mode in the mass range 50-1500 Da.

The pattern observed clearly indicates the presence of high-
]rnolecular—weight species with the difference between the main
peaks ) equal to 84. The peak ai'z = 1042 was identified as a
13-0x0 bridged trinuclear iron(l1l) cluster, [H&(u3-0)(eh)k]*;

The ESI mass spectrum (negative mode) of Co-eh in 1-
propanol Fig. 3) turned out to be quite complex but very
3. Results and discussions interesting as three different patterns can be identified. These

different series of peaks arise most likely from at least three

The ESI mass spectrum of Fe-eh prepared in our laboratoriedifferent species in solution, sharing a differencendf =84
in 1-propanol is shown iRig. 1(a solution of commercial Fe-eh, (A) between neighboring peaks in each series. Similar to the
Nuodex Fe 10, showed the same results). Fe-eh solution, theA value is associated with the gradual
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Fig. 2. Comparison between experimental and simulated isotopic distribution: (a) for the pdak @00.3 Fig. 1), [F%I (n3-0)(eh)(1-propoxo}]*, and (b) for
the peak atn/z=1271.6 Fig. 2), [Col! (O)3(H)2(eh)(1-propoxo3] ~.

replacement of one eh by 1-propoxo both bearing a negativeural details. A similar, large Co(ll) cluster with phenylcinnamic
charge. acid as ligand has been recently reported by Kumagai Et]al.
Despite the apparent complexity, patteMy® andC (Fig. 3)  The isotopic distribution for the species [gI@)g(H)g(eh)4(1-
were successfully identified as follows. The main seres propoxoy]~ (m/z=1271.6) is in good agreement with the sim-
including peaks ab/z =1523.9,1439.8,1355.7,1271.6, 1187.5, ulated onefig. 2b).
1103.5, and 1019.4, corresponds to a hexanuclear Co(ll) cluster, The seriesB (Fig. 3) with peaks atn/z=1178.5, 1094.3,
[Co'6| (O)3(H)2(ehy_x(1-propoxo}]~ (2, x=2-8). The differ- 1010.4, 926.3, 842.4, 758.4, and 674.5, can be assignhed
ence of 84 is again the result of the gradual replacement of eh lgs a mixed-valence tetranuclear Co-cluster of general for-
1-propoxo. The three oxygen and the two protons in the formulanula [Cd' C@' (O)s(H)4(ehk—_(1-propoxo)]~ (3, x=0-6).
of complex2 may represenj,-O, n-OH, and BO in various The series C (peaks at/z=833.6, 749.5, 665.4 and 581.3)
combinations according to the/z observed in the spectrum. A is due to ap-oxo trinuclear Co(lll) cluster of formula
definitive assignment of the number of bridges and their coordifCol} (O)s(H)2(eh)_.(1-propoxo)] ~ (4, x=3-6). It is inter-
nation mode however cannot be made from this study as an X-ragsting to notice the similarity between the clusdeand the
analysis of the complex may be required to unfold such structrinuclear Fe(lll) clusterl (Fig. 1) as analogous metal core
centers may be involved in both clusters (fo@-0)]’* and
[Fe (n3-0)]").
The ESI-MS spectrum of Co-eh recorded in positive mode
A) turned out to be very complicated (not shown). Despite the busy
spectrum, a pattern with peaksidt = 1041.4, 957.3,873.2, and
789.2 is likely due to a tetranuclear mixed-valence Co cluster
[Co" Cdll (0)2(ehk—.(1-propoxo)]* (5, x=1-4).

100 ~

—=1271.6

“-1187.5

80+

e T355.7

® © = 1 In a recent study, Warzeska et §] have isolated and
;;, 60 // N ® . solved the structure of a tetranuclear mixed-valence manganese
2 3| \e « g cluster from a commercial drier solution (Nuodex Mn 578)
E o \ﬁ§ g c,f i@ containing Mn-eh and 2,ipyridine (bpy) of general for-
L 404 / /[ 8 2 mula [Mn}Mn} (u3-O)2(eh)s(bpy)]. A similar solution was
% m,’ « f”' < e ‘ subject to ESI-MS measurement, and its mass spectrum is
o« 20 2/ < g’ g ‘g shown inFig. 4. Four sets of peaks can be easily distinguished.
JI 3 § \\ Lo The seriesD can be assigned as [IQI(O)(OH)(eh);_X(l—
1 U 2 propoxo).(bpy)]~ (6, x=0-2, from high to lowm/z). When
O_MJ, I,,UL_JJL b . m.JJ L th M. mH JMW x=0 (m/z=1423.9), the species is indeed similar to that pro-
400 600 1000 1200 1400 1600 posed by Warzeska et QB]
m/z The other three serieskE, F and G, are inter-

Fig. 3. ESI mass spectrum (negative mode) of Co-eh (purchased from AldricPT€ted as follows: serie&, [Mn''Mn!"' (O)(eh)_(1-prop-
Chenmicals) in 1-propanol. ox0)(bpy)s] ~ (7, x=0-3); serie¥, [MI’]IVMn”I (O)3(eh)_(1-
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1009 catalysts oxidize lipids during the oxidative drying of alkyd-
0 based paints.
F) =
80 .
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