
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

The Characterization of the Active Components in Commercial β-
Diketone-Type Extractants LIX 54 and MX 80 A
W. Micklera; E. Uhlemanna; R. Herzschuhb; B. Wenclawiakc; L. Plaggenborgc

a INSTITUT FÜR ANORGANISCHE CHEMIE UNIVERSITÄT POTSDAM, POTSDAM, GERMANY b

SEKTION CHEMIE UNIVERSITÄT LEIPZIG, LEIPZIG, GERMANY c INSTITUT FÜR ANALYTISCHE
CHEMIE UNIVERSITÄT-GH SIEGEN, SIEGEN, GERMANY

To cite this Article Mickler, W. , Uhlemann, E. , Herzschuh, R. , Wenclawiak, B. and Plaggenborg, L.(1992) 'The
Characterization of the Active Components in Commercial β-Diketone-Type Extractants LIX 54 and MX 80 A',
Separation Science and Technology, 27: 8, 1171 — 1179
To link to this Article: DOI: 10.1080/01496399208019031
URL: http://dx.doi.org/10.1080/01496399208019031

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399208019031
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 27(8 & 9), pp. 11 71-1 179, 1992 

The Characterization of the Active Components in 
Commercial p-Di ketone-Type Extractants LIX 54 and 
MX 80 A 

W. MICKLER and E. UHLEMANN 
INSTITUT FUR ANORGANISCHE CHEMIE 
UNlVERSlTAT POTSDAM 
0-1571 POTSDAM. GERMANY 

R. HERZSCHUH 
SEKTION CHEMIE 
UNlVERSlTAT LElPZlG 
0-7010 LEIPZIG. GERMANY 

B. WENCLAWIAK and L. PLAGGENBORG 
INSTITUT FUR ANALYTISCHE CHEMIE 
UNIVERSITAT-GH SIEGEN 
W-SOO() SIEGEN. GERMANY 

Abstract 
The commercially available 0-diketone-type extractants LIX 54 and MX 80 A 

were studied by GC-MS and NMR spectroscopy in comparison with synthesized 
reference samples. The active components were characterized as I-phenyl-3-iso- 
heptyl- 1.3-propanediones. 

INTRODUCTION 
For the extraction of metal ions, certain P-diketones are proposed beside 

derivatives of o-hydroxy oximes and 8-quinolinols. Commercially available 
extractants of the p-diketone type are LIX 54 (Henkel Corp.) and MX 80 
A (SIGMA-Innovation AB Sweden), whereas Hostarex DK-16 (Hoechst 
AG) is no longer produced. These extractants can be used especially to 
recover copper from ammoniacal solutions. Many applications of LIX 54 
are reported in the literature (Z-fj), but until now the nature of the active 
component seems not to be clear. According to Melling (7), Kunigita et 
al. ( 5 )  suppose the existence of a-acetyl-rn-dodecylacetophenone, whereas 
Ramesh et al. (3) characterize the compound as phenyl-alkyl-P-diketone. 
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Six different components such as l-hexylphenyl-l,3-butanedione or n-oc- 
tylphenyl-1,3-butanedione are appointed to LIX 54 by Babcock et al. (8). 
Tavlarides et al. (9) denote the active compound as a dodecyl-substituted 
phenylbutanedione. From a systematic study, Zapatero et al. (20) conclude 
the existence of l-phenyl-l,3-decanedione whereas Nakamura et al. (6) 
suppose benzoyl-isooctanoyl-methane. Hostarex DK-16 was thought to be 
hexylbenzoylacetone (22).  Studies on MX 80 A are not reported in the 
literature. The purpose of this paper, therefore, was to clarify the nature 
of active components in commercially available extractants of the P-dike- 
tone type. For the analysis, gas chromatographic or high pressure chro- 
matographic separation coupled to a mass spectrometer was chosen. Pure 
synthetic compounds which were also characterized by NMR spectroscopy 
were compared with the commercial components. 

EXPERIMENTAL 

Materials 
LIX 54 and MX 80 A are commercial products. They were studied as 

obtained and after distilling off the solvent. As reference samples, l-phenyl- 
1,3-decandedione ( l ) ,  l-phenyl-2-hexyl-l,3-butane dione (2), l-phenyl-4- 
ethyl-l,3-octanedione (3), and l-heptylphenyl-l,3-butanedione (4) were 
synthesized by using known methods (22 ,13 ) .  Compounds (2) and (3) are 
colorless oils, whereas Compounds (1) and (4) form low melting white 
crystals (mp 31 and 27"C, respectively). 

Analytical Methods 
The analyses of the extractants were performed with a Nermag Automass 

GC-MS system (with a Delsi-Nemag gaschromatograph) using fused silica 
CC 25 m, BP5 0.25 mm inner diameter (Scientific Glass Engineering, 
Australia), a temperature program 60-250°C (lO"C/min), and electron 
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ionization by 70 eV. 'H and IT-NMR spectra were measured by a Bruker- 
AM 300 spectrometer (IH-NMR 300, 13 MHz; 13C-NMR 75, 47 MHz). 

RESULTS AND DISCUSSION 
By fractionated vacuum distillation, the commercial extractants were 

separated into two fractions containing the solvent and the active com- 
ponents, respectively. 

The solvent had a boiling range of 70-140"C/10 torr and consists of a 
mixture of different hydrocarbons containing between 7 and 12 main com- 
ponents of strongly branched alkanes. 

Analysis of the Active Components 

NMR Studies 
The I3CC-NMR spectra of the extractant which was obtained by the dis- 

tillation of LIX 54 as well as those of synthesized reference samples are 
given in Fig. 1. In spite of a large number of resonance signals in the region 
up to 50 ppm, characteristic groups can be identified by comparison with 
reference samples. Good agreement is found for the C-1 signal of the 
aromatics at 6 = 132 ppm as well as for the C-1 and C-3 resonance signals 
of the keto groups at 6 = 199 and 184 ppm, respectively. This fact points 
to a similar chemical environment. Similarly, the C-2 signal is scarcely 
influenced by structural differences in the substituent, but significant dif- 
ferences are expected for the C-4 signal if a substituent is attached at this 
position. Indeed, this signal is shifted to a lower field by 10 ppm in the 
case of l-phenyl-4-ethyl-l,3-octanedione. Good agreement between the 
experimentally observed shift (6  = 50.99 ppm) and the calculated value 
(6 = 52.2 ppm) (14)  exists for the C-4 signal. Therefore, the differences 
for LIX 54 and the reference sample demonstrate that 1-phenyl-4-ethyl- 
1,3-0ctanedione is not present in the commercial product. 

The 13C-NMR spectra of LIX 54 for C-1 and C-3 show additional signals 
than in the case of l-phenyl-l,3-decanedione and l-phenyl-4-ethyl-o~- 
tanedione, respectively, It is supposed that these signals are the result of 
the presence of isomeric P-diketones but are not caused by keto-enol 
tautomerism. 

The signals of the aromatic C atoms clearly show that there are no 
additional substituents in any case. 

GC-MS Studies 
The gas chromatograms of the active components of LIX 54 and MX 80 

A are shown in Fig. 2. It can be seen that the active substance of LIX 54 
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FIG. 2. Gas chromatograms of LIX 54 (Fig. 2a). MX 80 A (Fig. 2c), and 1-phenyl-1,3- 
decanedione (Fig. 2b). 
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is composed of at least four, isomeric compounds, each of them with the 
molar mass 246. In the case of MX 80 A ,  an additional fifth compound 
was found. Both extractants have a very similar quantitative composition 
and they differ only by the relative concentration ratio of the active com- 
ponents. For comparison, the gas chromatogram of l-phenyl-l,3-decane- 
dione is also given. In the mass spectra of the isomers A ,  B, C, D, and 
E, the following fragments of high intensity are observed in each case: 

C,H&O-CH-C(OH)=CH,+ 
C,HS--CO-CH,--CO + rn lz = 147 
C , H . d (  OH)=CH: mlz = 120 
C,H.rCO + rnlz = 105 
C6HS+ rn lz = 77 
C,H,' rn lz  = 69 

mlz = 162 (base peak) 

All compounds exhibit a weak molecular ion peak ( rn lz = 246). Because 
of the agreement in their mass spectrometric behavior, A, B, C, D, and 
E can be regarded as isomeric alkyl analogues of l-phenyl-l,3-butanedione. 
As a common fragment of the enol forms, rnlz = 228 (M - H20)  was 
found. 

Different fragmentation occurs in the region above rn lz  = 162. The 
interesting parts of the mass spectra of compounds A, B, C, and D are 
shown by Fig. 3. For comparison, mass spectrometric data for reference 
substances are given in Table 1. 

First of all, the presence of alkyl-substituted phenyl groups in any of the 
isomers is excluded by the appearance of the fragments mlz = 105 and 
147. Likewise, no evidence is found for the meso-substituted P-diketone 
l-phenyl-2-hexylbutane-l,3-dione because a characteristic fragment M - 
C H p C O  ( rn lz = 204) was only found in the case of the Reference Com- 
pound (2). To check for the presence of the n-C7HIS group, l-phenyl-1.3- 
decanedione was studied as a reference sample. By comparison of the 
chromatographic behavior and of the mass spectrometric fragmentation 
(Fig. 4), it was found that isomer E is identical with unbranched l-phenyl- 
1,3-decanedione. In this case fragments such as M - CrH5, M - C3H7, 
M - C4HY, and M - C,H,, resulting from the successive splitting of the 
unbranched alkyl chain are observed. Contrarily, the isomers A, B, C, and 
D should contain branched heptyl groups, but branching of the heptyl 
group adjacent to the carbonyl group is excluded according to the NMR 
data. Some more information gave the different fragmentation pathways 
of A, B, C, and D. In the case of A, C, and D, a selected fragmentation 
at the heptyl group is observed. Typical fragments of A are M - C4H9 
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FIG. 3. Mass spectrometric fragmentation of the active components of LIX 54. 

and M - CH3, whereas C exhibits M - C,H, besides M - C2H5. Hence 
the heptyl group is probably of type 2,4-dimethyl-pentyl (A) or 2,3-di- 
methyl-pentyl (C). For D, M - CsH,, is found as a characteristic fragment 
besides M - CH3. This behavior can be explained by assuming the presence 
of 3,4-dimethyl-pentyl or 3-methyl-hexyl groups. In the case of isomer B, 
a great variety of fragments occurs as was found for unbranched heptyl 
compound E. Therefore, it can be supposed that the alkyl substituent is 
lowly branched as it is in the case for different methyl-hexyl groups. 
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TABLE 1 
Typical Fragments in Mass Spectra of LIX 54 Type P-Diketones 

Compound mlz Fragment 
Relative 
intensity (%.) 

I-Phenyl-1.3-decanedione ( I )  228 M - HZO 
217 M - C>H, 
204 M - CiH, 
190 M - C,H, 
175 M - C,Hl, 

~ 

35 
10 
39 
15 
10 

I-Phenyl-2-hexyl-l,3-butanedione (2) 231 M - CHI 21 
204 M - CH,<O 68 
189 M - C,H, 29 
175 M - C,H,, 46 
162 Ph--CMH,<MHI 33 
43 CHl<O' I 0 0  

I-Phenyl-4-ethyl-l.3-octanedione (3) 190 M - C,H, 
57 C,HU 

45 
17 

1-Phenyl- 1.3 -decanedione 

M X - B O A  

FIG. 4. Mass spectrometric fragmentation of I-phenyl-1.3-decanedione in comparison with 
isomer E of MX 80 A .  
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Besides the isomeric l-phenyl-3-heptyl-l,3-propanediones, a compound 
mlz = 222 was found as an impurity in the technical extractants. It is 
probably a self-condensation product of acetophenone resulting from the 
synthesis (15 ) .  Furthermore, the GC-MS analysis of MX 80 A shows traces 
of acetophenone (mlz = 120) and of some low-molecular P-diketones such 
as benzoylacetone (mlz = 162) and dibenzoylmethane (mlz = 224). 

CONCLUSIONS 
By GC-MS measurements, LIX 54 was found to exist as a mixture of at 

least four isomeric l-phenyl-3-isoheptyl-1,3-propanediones solved in sat- 
urated alkanes. MX 80 A has a similar composition but additionally con- 
tains a small amount of l-phenyl-3-n-heptyl-1,3-propanedione. 
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