Available online at www.sciencedirect.com

SCIENCE@DIREGT° JOURNAL OF
CHROMATOGRAPHY A

I

ELSEVIER Journal of Chromatography A, 1047 (2004) 111-116

www.elsevier.com/locate/chroma

Trimethylsulfonium hydroxide as derivatization reagent for the chemical
investigation of drying oils in works of art by gas chromatography

Julien Dror?, Robert Linke, Erwin Rosenberi*, Manfred Schreinet

2 Institute of Sciences and Technology in Art, Academy of Fine Arts Vienna, Schillerplatz 3, A-1010 Vienna, Austria
b Institute of Chemical Technologies and Analytics, Vienna University of Technology, Getreidemarkt 9/164, A-1060 Vienna, Austria

Received 9 February 2004; received in revised form 7 June 2004; accepted 8 June 2004

Abstract

A procedure for the determination of fatty acids (FA) and glycerol in oils has been developed. The method includes a derivatization step of
the FAs into their methyl esters or a transesterification of the triacylglycerols with trimethylsulfonium hydroxide (TMSH), respectively. The
analysis is carried out by gas chromatography with parallel flame ionization and mass spectrometric detection. The parameters involved in
the transesterification reaction were optimized. Only the stoechiometric ratio of TMSH:total FA amount showed a significant influence on the
reaction yield. Relative standard deviations for 10 replicates were below 3% for all FAs studied and their linearity range was 0.5-50 mmol/L,
when using heptadecanoic acid as an internal standard. The final procedure was rapid and required little sample handling. It was then tested
on fresh oil samples and presented satisfying results, in agreement with previous works.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction A number of sample preparation procedures have been
suggested in the literature for converting the free FAs into
Scientific investigations of materials used in works of their esterd3,4], such as silylatiorj5-9], or reaction with
art provide important information in order to gain a better alkyl chloroformated10-13] and for transesterification of
knowledge of the technologies used by the artists but canthe triglycerided14—23] typically leading to the fatty acid
also be useful in studies of provenance or authentication. Ad-methyl esters (FAMES). Transesterification reactions are
ditionally, chemical analyses support conservators and con-mainly one-step techniques including no or little sample
servation scientists with valuable information for preserving preparation compared to other techniq{®425]
the objects. Trimethylsulfonium hydroxide (TMSH) was introduced
Similar to carbohydrates, proteins, gums, resins andin 1979 as a methylating agent for carboxylic acid com-
waxes, drying oils represent an important group of natural pounds[18]. Since that time, it has proven to be a powerful
binders used in works of art. Natural drying oils such as derivatization/transesterification reagent for the GC analysis
linseed, poppyseed and walnut oil are composed of trigly- of FAs in fats and 0il§19,20,26,27] Applied to thermally
cerides, consisting of one molecule of glycerol linked to assisted hydrolysis and methylation gas chromatography
three fatty acids (FA). The identification of the oil is carried (THM-GC), TMSH has also become a powerful reagent for
out by determination of the FA compositidi]. Among pyrolysis—GC due to its good reaction yields and the fact
others[2], methods based on chemical analysis of FAs by that no time-consuming sample pre-treatment is required
gas chromatography (GC) have proven to be a powerful tool [21,22,28]
for the characterization of the composition of oils, typically The present study concerns the establishment of a simul-

after derivatization. taneous derivatization technique for FAs and glycerol. One
of the main advantages of this technique is the fast reaction
* Corresponding author. Tek43 1 58801 15190; and_ analysis time combined with only little sa_mple manip-
fax: +43 1 58801 15199, ulation. The relevant parameters have been investigated in
E-mail addresserosen@mail.zserv.tuwien.ac.at (E. Rosenberg). order to obtain optimized response and reproducibility.
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2. Materials and methods 2.3. Analytical equipment and conditions

2.1. Chemicals The GC analysis of FAs and glycerol was carried out us-
ing a Hewlett-Packard HP-5890 Series Il gas chromatograph
Ten of the most frequently encountered FAs in fresh and (Agilent Technologies, Palo Alto, CA, USA), equipped
aged oils were considered, i.e. pelargonic acid (1¢9:0) with a split/splitless injector and an Agilent 6890 Series
suberic acid (2C8:0), myristic acid (1C14:0), azelaic acid auto-sampler. Detection was performed by flame ionization
(2C9:0), sebacic acid (2C10:0), palmitic acid (1C16:0), detection (FID) operated parallel with mass spectrometry
stearic acid (1C18:0), oleic acid (1C18:1), linoleic acid (MS) (MS Engine, HP-5989 A). Separation of FAMEs and
(1C18:2) andx-linolenic acid (1C18:3, in the following de-  glycerol was achieved on two DB-225 fused silica capillary
noted only as linolenic acid). These compounds, as well ascolumns (Agilent Technologies) 30nx 0.253mm i.d.,
anhydrous glycerol and solvents, were all purchased from 0.25um film thickness with a pre-column split. Helium
Fluka (Steinheim, Germany) with a purity of at least 97%, (purity > 99.9996%) purchased from Messer-Griesheim
except linolenic acid which was a natural produst70% (Gumpoldskirchen, Austria) was used as carrier gas, at a
purity). Heptadecanoic acid (1C17:0) was used as an inter-flow rate of 1.5mL/min. In order to obtain a good sepa-
nal standard (1.S.) and was also obtained from Fluka, with ration for the FAMEs, chromatographic parameters were
a purity of 99%. Linseed oil, linseed stand oil, poppyseed optimized resulting in the following: the temperature of the
oil and walnut oil were purchased from Kremer (Aichstet- injector used in splitless mode was set at 200and the
ten, Germany). TMSH was obtained from Macherey—Nagel GC oven temperature was programmed as follows,G5
(Diiren, Germany) as a 0.2 mol/L solution in methanol (de- for 2min, then to 180C at a rate of 18C/min, and finally
noted in the following as “TMSH reagent”). All chemicals to 210°C at a rate of 3C/min. This program enabled a sep-
and reagents were stored &tk aration of the corresponding methyl esters of the 10 studied
A stock solution containing a mixture of glycerol and FAs and glycerol within 21 min. The mass spectrometer
the 10 studied FAs was prepared in chloroform, at a con- was used in electronic impact ionization mode (70eV). An-
centration of 50 mmol/L for each FA and 250 mmol/L for alyzer, source and interface temperatures were set at 100,
glycerol. For the calibration tests, standard solutions at con- 200 and 220C. The FID temperature was kept at 220
centrations ranging from 0.5 to 20 mmol/L for the FAs and
from 10 to 100 mmol/L for glycerol were prepared from the . )
stock solution. The concentration of the I.S. was fixed at 3 Resultsand discussion

10 mmol/L. T . .
3.1. Optimization of experimental conditions

2.2. Sample preparation To improve the reaction yield, experiments were carried
out in order to determine the optimal quantity of TMSH

The procedure for sample preparation consisted in anreagent and study the influence of temperature and time of

in-vial derivatization/extraction technique at room tempera- reaction.

ture. Ninety microliters of chloroform were introduced into

a vial and 1QuL of sample were added. After the intro- 3.1.1. Quantity of TMSH reagent

duction of 50uL of TMSH reagent, the vial was slightly The quantity of TMSH necessary to obtain the maximum

hand-shaken until a homogeneous solution was obtained derivatization yield was investigated. The experiments were

Chloroform was chosen as a solvent due to its superior sol-Performed at six levels of TMSH reagent volumes (0, 5,

vency, especially for dried oils. It should be noted, however, 10, 25, 50, 100 and 150L), with three replicate experi-

that chloroform is a suspected carcinogen. Finally)Iof ments. TMSH reagent was added topdl0of a 50 mmol/L

the reaction mixture was injected into the GC. The FAs are FA standard solution and an adequate volume of chloro-

methylated by TMSH reagent in basic medium, following form in order to keep the chloroform—methanol solvent ratio

the reaction described by Yamauchi et [al7]. The prod- (2:1, viv) unchanged. As shown Fig. 1, the derivatization

ucts of the reaction are water, dimethyl sulfide [(§}3$] yield of all compounds increased rapidly until a volume of

and the FAMEs. The final solvent composition of the reac- S0p.L of TMSH reagent was added, which corresponds to

tion medium was chloroform—methanol (2:1, v/v), which is @ TMSH:FA stoechiometric ratio of 2:1. When larger vol-

very suitable for the extraction of lipid compounds, such as Umes of TMSH reagent were added, the derivatization yield
triglycerides[22]. did not increase significantly. Therefore, the optimal stoe-

chiometric ratio of TMSH reagent to the total FA amount
was fixed at 2:1.

1 The shorthand writing denotes the number of carboxylic acid groups 3.1.2. ReaCtllon tl_me L. . .
(first digit), the carbon chain length (the one to two digits following “C”) The reaction time was optimized in order to obtain

and the number of double bonds in the molecule (last digit). an optimal reaction yield. Additionally, an ascertainment
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Fig. 1. GC-FID response as function of the TMSH:FA stoechiometric ratio. Up tdL.50MSH reagent, which corresponds to a stoechiometric ratio of

TMSH:FA = 2:1, the derivatization yield shows a significant increase. All

of the stability of the FAMEs is required, as it would
be impossible to inject all samples immediately after the
reaction.

values are means of triplicate experiments.

reaction times included in a range of 0—-135 min. An increase
of the response was observed for all compounds after a 24 h
storage time. Depending on the compound, this increase was

The samples were prepared as described previously andn the range of 18-23%. This confirmed the results obtained
were then stored at room temperature for increasing times ofpreviously. Additionally, it was confirmed that no hydrolysis

0, 10, 30, 50, 105, 160 and 210 min, and 24 and 48 h. This
investigation was performed with a FA standard solution at
an intermediate concentration level of 10 mmol/L, and with

triplicate experiments.

The results of the experiments were evaluated by sin-
gle factor analysis of variance (ANOVA) for all compounds
of interest. In the range of 0-210 min reaction time, the
ANOVA statistical test indicated that reaction time had no
significant effect on the yield of derivatization, within a
level of confidencer = 0.05. After reaction times of 24 and
48 h, ANOVA evaluation showed that the reaction yield was
slightly increasing for all compounds. The greatest increase,
of 13% in reaction yield, was observed for linolenic acid
over a period of 48h. It was also noticed that the results
for 24 and 48 h of reaction were not significantly different,
according to ANOVA statistical testx(= 0.05). Thus, no
relevant improvement in the reaction yield justified a longer
reaction time than 24 h.

Additional experiments were performed in order to as-
sess the stability of the compounds obtained after derivati-
zation. Analyses were carried out after mixing 0 chlo-
roform, 10uL of a FA standard solution at a concentration
of 10 mmol/L and 5L TMSH reagent. The sample was
injected immediately into the GC system. After 25 min stor-

of FAMEs into FAs was observed, and therefore the stability
of FAMESs was proven.

Although the derivatives were proven to be stable up to
1 day at room temperature, heptadecanoic acid was used
as |.S. to improve quantitation. Consequently, variations in
the reaction yield were minimized. Therefore, it is feasi-
ble to prepare a high number of samples within a short
time, which is a prerequisite for high sample throughput
analysis.

3.1.3. Temperature

The influence of an increase of the reaction tempera-
ture, from room temperature to 40 and ‘85 was inves-
tigated. The boiling points of methanol and chloroform
are 64 and 61C, respectively and therefore, no higher
temperatures were investigated. The experiments were per-
formed by introducing the chemicals as described previ-
ously with a concentration level of the standard solution at
10 mmol/L for each FAs. After mixing by hand, a 20 min
heating step was added, at the temperatures mentioned
previously, and the samples were finally injected in the
GC. The experiments were repeated three times at each
temperature.

As for the study of the influence of reaction time, the

age at room temperature the sample was re-injected. Theresults of the experiments were evaluated by ANOVA

injection of the sample was repeated five times with con-
stant intervals and a last injection was performed after 24 h

statistical test for all the FAs in the range of studied tem-
peratures. With a level of confidenee = 0.05, no sig-

storage. No significant variations in the GC responses werenificant variation on the yield of reaction was observed

observed between the five first injections, performed after

while increasing the temperature. Hence, the temperature of
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Fig. 2. GC-FID chromatogram of the analysis of FAs and glycerol in a Fig. 3. GC-FID chromatogram obtained for the analysis of fresh linseed

standard solution. All FAs are at a concentration level of 10 mmol/L and oil. (1) Glycerol; (2) palmitic acid ME; (3) I.S.; (4) stearic acid ME; (5)

glycerol is at a concentration level of 50 mmol/L. (1) Pelargonic acid ME; oleic acid ME; (6) linoleic acid ME; (7) linolenic acid ME. Time scale

(2) glycerol; (3) suberic acid di-ME; (4) myristic acid ME; (5) azelaic in minutes.

acid di-ME; (6) sebacic acid di-ME; (7) palmitic acid ME; (8) I.S.; (9)

stearic acid ME; (10) oleic acid ME; (11) linoleic acid ME; (12) linolenic

acid ME. Time scale in minutes. Prior to the derivatization step, the samples were diluted
in chloroform (oil-chloroform, 1:50, v/v). Then, 8 of

reaction did not have a significant effect on the yield of FA chloroform, 1QuL of the I.S. solution and a 0L aliquot

derivatization. of a diluted oil were introduced into the reaction vial. Af-
terwards, 5L of TMSH reagent were added, and imme-
3.2. Analytical figures of merit diately after mixing by hand, the solutions were injected

into the GC system. The chromatogram corresponding to

A typical chromatogram obtained for the analysis of FAs the analysis of the fresh linseed oil is showrFig. 3. The
and glycerol in a standard solution is showrFig. 2 The FAME concentrations measured in each fresh oil are pre-
separation of the 10 FAMESs and the glycerol was achieved in sented inTable 1 Standard deviations did not exceed 5%
less than 19 min. A minimal resolution of 3.5 was obtained for each compound, except glycerol in linseed stand oll
between sebacic and palmitic acid methyl esters. (6.3%).

In order to test the performance of the developed method, It was tested whether a larger amount of TMSH would be
the linearity and the repeatability were estimated by apply- required in this case compared to the derivatization of free
ing the conditions established previously. The linearity of the FAs. Therefore, three samples of analyzed fresh oils were
method was evaluated at seven concentration levels, rangselected and an additional volume of |50 TMSH reagent
ing from 0.5mmol/L to 50 mmol/L for each FA standard. was added to each vial. They were then injected a second
The repeatability was determined at a concentration level of time into the GC. As the R.S.D. values of the pooled data
10 mmol/L with 10 replicate experiments for GC-FID and sets did not increase significantly over the R.S.D. values of
GC-MS analyses. the two individual data sets, this was taken as a proof of

As the repeatability and sensitivity of FID is superior to the two derivatization yields being statistically equivalent.
MS detection, data are presented only for the former. In the The results of these latter analyses showed that the yield of
case of FID, the relative standard deviation (R.S.D.) values derivatization of FAs in fresh oils was not affected by the
were below 3% for all FAs proving that the repeatability of addition of a large excess of TMSH reagent.
the method was very satisfying. Moreover, all compounds In the field of art conservation and restoration, the iden-
showed a good linearity in the range of 0.5-50 mmol/L with tification of the nature of the oil used as binding media in
correlation coefficients greater than 0.999. For glycerol, the paint samples is useful. For that purpose, different indicators
standard deviation equal to 9.3% was slightly higher. The were investigated, e.g. the palmitic acid to glycerol molar
calibration curve for this latter compound is fitted with a ratio (P/G ratio) and also the palmitic acid to stearic acid
polynomial equation with a correlation coefficient of 0.9996. molar ratio (P/S ratio). To date, this latter ratio is still the
In conclusion, the results of these experiments were judgedmost employed one and was proved to be a good indicator
satisfying enough to enable the further application of the of the nature of the oil present as binding medijdyi6,29]
method to the determination of FAs and glycerol in fresh The P/S ratios were evaluated to be 1.49, 4.67 and 2.95, and

oils. the P/G ratios were estimated as 0.10, 0.20 and 0.14, respec-
tively in linseed, poppyseed and walnut fresh oils. These
3.3. Analysis of fresh oils values were in good agreement with the ratios published by

other research groug$,16,29] This comparison indicated
An evaluation of FA concentrations was carried out in that the developed method allowed measuring the FA com-
four fresh oils typically employed as binding media in paint- position of fresh oils with a reliability equivalent to that of
ings. Triplicate analyses were performed in fresh linseed other methods currently applied to the determination of FAs
oil, linseed stand oil, poppyseed oil and walnut oil samples. in art samples.



Table 1

FAs and glycerol concentrations measured in linseed oil, linseed stand oil, poppy seed oil and walnut oil

Poppyseed oil Walnut oil

Linseed stand oil

Linseed oil

FAMEs

Compositioft

R.S.D.
(%)

Concentration
(mmol/L)

Compositioft

R.S.D.
(%)

Concentration
(mmol/L)

Compositiof

R.S.D.
(*0)

Concentration
(mmol/L)

CompositioR

R.S.D.
(%0

Concentration
(mmol/L)

(h=4) (%)

(n=3) (%)

(n=3) (%)

(n=3) (%)

15
11

1.9

2.1

7.9

25
4.4

23
2.0
1.2

3.7

5.3

12.5

1.8
0.7
14
1.8
15
3.3

4.0 0.8 17.8 6.3

4.5

3.1

Palmitic acid ME
Stearic acid ME
Oleic acid ME

2.7
15.1

1.8
10.1
35.5

2.7
17.4
64.1

1.4
8.8
32.4

11.2

57.6

0.8
11
11

3.1 25
13.0

12.3

2.1

8.5
7.8

53.2

6.8
6.6

15
1.5
26.6

11.3

Linoleic acid ME

211

14.1
38.3

3.4

17
32.2

35

67.7

2.2
33

Linolenic acid ME 46.6

Glycerol

6.3

30.4

2 Oil composition given as molar ratio.
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4, Conclusion

In this study, a method for the simultaneous analysis of
FAs and glycerol by GC was developed and optimized for
its application to routine FA analysis. The sample prepara-
tion is rapid, little manipulation is involved and no special
equipment required. It is based on a one step hydrolysis and
derivatization reaction performed by using TMSH as methy-
lation reagent at room temperature. The linear range of the
method was between 0.5 and 50 mmol/L for the 10 FAs
studied in this survey and the standard deviations were be-
low 3%. The good correlation between the concentrations of
FAs determined in four fresh oils by this study and by other
research groupfl,16,29]demonstrated that the developed
method could be successfully applied to oil samples. Due to
its rapidity and its low requirement in sample handling, this
method appears to be the method of choice for high sample
throughput analysis of FAs and glycerol in oils. Hence, it
will be applied in forthcoming studies in order to estimate
the content of FAs and the evolution of their distribution in
artificially aged paint samples.
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