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SUMMARY 

Wallcoated open-tubular glass capillary columns are useful for the qualitative 
gas-liquid chromatographic analysis of diterpene resin acid methyl ester mixtures. 
The elution characteristics of 77 compounds on six liquid stationary phases (Silar 
IOC, BDS, SP-2330, SP-1000, SE-54 and SE-30) are given. For most applications, 
two stationary phases, one polar and the other non-polar, will suffice. The reproduc- 
ibility of quantitative data was found to be unacceptable when typical size samples 
were injected into an inlet splitter by an automatic injector. However, by injecting 
large samples (over 20 ng per component on to the column) reliable quantitative data 
are obtainable. 

INTRODUCTION 

The gas-liquid chromatography (GLC) of diterpene resin acid methyl esters is 
an important procedure in the study of extractives, oleoresin, rosin and tall oil. 
Although the esters can ranse in molecular weight from about 300 to 375 daltons, 
most of those found in pines and other conifers are related isomers within a molecular 
weight range of 10 daltons. Separation of many of the isomers by packed column 
GLC has been achieved with polar liquid stationary phases. Retention data for a 
large number of diterpene resin acid methyl esters on DEGS and SE-30/EGiP packed 
columns have been reported as part of a compilation of spectral data’_ More recent 

developments in GLC of resin acid esters with packed columns have been reviewed by 
Zinkel and E&es_ 

The use of wall-coated open-tubular ( WCOT) capillary columns for the analy- 
sis of resin acids has been attempted by several workers. In 1965, Sandermann and 
Weissman3 used stainless-steel WCOT columns coated with BDS and with SE-30 for 
the GLC of resin acid methyl esters_ Although no chromatographic conditions were 

* The use of trade, firm or corporation names in this publication is for the information and con- 
venience of the reader- Such use does not constitute an oficial endorsement or approval by the U.S. 
Department of Agriculture of any product or service to the esclusion of others which may be suitable. 
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given, one illustration (apparently for a BDS column) showed a resolution that was 
no better than for a 6-ft_ packed column_ Partial resolution of the difllcult palustrate- 
levopimarate pair was demonstrated by Weissmann and Simatupang4 in an analysis 
of an Indonesian rosin on a 50-m staInless-steel ethylene glycol phthalate WCOT 
column From their published chromatogram it can be estimated that the column 
gave about 20,000 theoretical plates. Hasson and Ku&am? used stainless-steel 
WCOT cohunns coated with Apiezon N and with Versamid 930 for analysis of rosin 
fluxs. Palustrate and isopimarate were resolved on Versamid 930 but not on Apiezon 
N. The palustrate-levopimarate separation was not considered because levopimarate 
is not a component of rosin flux; however, levopimarate is extensively decomposed on 
packed Versamid columns. Claey@ used stainless-steel Silar IOC WCOT columns for 
the analysis of resin acids in kraft milI effluent but did not address the problem of on- 
column isomerization of abietadienoic acid esters such as methyl palustrate and 
methy ievopimarate- 

Retention data of several resin acids from tall oil have been reported by Holm- 
born et ai_’ fcr BDS and Apiezon L coated stainless-steel WCOT columns and for 
OV-101 (a methyl silicone) and SP-1000 (a substituted polyethylene glycol ter- 
cphthalate) on glass WCOT columns. Holmboms later included glass WCOT col- 
umns coated with BDS, Apiezon L, SE-30 and Silar lOC_ Complete palustrate- 
levopimarate resolution was not achieved even with the Silar IOC cohmm, and high 
on-column losses of levopimarate are evident in the data- RecentIy, Mayr et u1_’ 
described the chromatography of mixtures of resin acids on glass WCOT columns by 
temperature progr amming FFAP (free fatty acid phase) was shown to separate 
methyl palustrate and methyl levopimarate; however, methyl isopimarate was not 
well resolved from methyl palustrate_ 

All of these attempts to use WCOT capillary columns for the analysis of resin 
acids have had limited objectives_ This work has determined the retention charac- 
teristics of a large number of resin acid methyl esters for several columns coated with 
stationary phases spanning the range of availabIe polarities. This will facilitate selec- 
tion of columns appropriate for various applications_ The quantitative reproducibili- 
ty of WCOT glass capillary column GLC was evaluated using the response factors for 
the resin acids common in pines. 

EXPERIMENTAL 

A Hewlett-Packard iMode 584OA gas chromatograph equipped with an 
18835B inlet splitter and a flame-ionization detector was used. Retention times and 
areas of peaks were measured through the data system of the gas chromatograph. 
WCOT glass capillary columns were obtained from the following sources: SE-30, SE- 
54 and SP~IOOO (a Carbowax derivative similar to FFAP).from J&W Scientific: (Or- 
angevale; CA, USA), BDS (butane-l$-diol~succinate) andSilar- 1OC from Altech 
Assoc. (Deerlield, IL, U.S.A.) and SP-2330 (68 % cyanopropyl silicone) from Supelco 
(Bellefonte, PA, USA_)_ The helium carrier gas flow-rate was set at ca. 30 cm/set. 
Column temperature (see footnotes in Table I) we optimized to_ resplve the com- 
monly found pine resin acid methyl esters (resolution bfthe p%lustrat~levoplmarate 
pair was the criterion) wl&e maintaining reasonable an_aly& times (cl&ion of methyl 
pimarate in less than 20 min), For the determination of %po&z factors;-resin‘acid 
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methyl esters were purified by the rigorous methods required in preparing reference 
standards’. 

RESULTS AND DISCUSSION 

Qualitative GLC with #COT glass capillary cohrri~r2s 
Nearly all of the resin acids derived from pine and other conifers belong to four 

basic diterpene skeletal classes: abietane, pimarane, isopimarane and labdane (Fig. 
1). This classification by skeletal types has been used to organize the retention charac- 
teristics of 77 resin acid esters as obtained with six stationary phases (Mar IOC, BDS. 
SP-2330, SP-1000, SE-54 and SE-30; see Table I). These stationary phases were 
chosen to span the ranse of liquid phase polarity available. In practice we find that a 
polar and a non-polar stationary phase are adequate for most applications. Either 
stationary phase can resolve all the components commonly found in pines, but the 
two phases are complementary. The polar stationary phase provides good resolution 
of the common resin acids, but the analysis time may extend to sever11 hours when 
oxygenated derivatives are present. When osygenated components are encountered, 
the non-polar stationary phase reduces analysis times to within reasonable limits. As 
discussed below, the non-polar SE-30 will resolve all the common resin acids if the 

PIMARANE ISOPIMARANE 

ABIETANE LABDANE 

Fig. 1. Parent hydrocarbon structures for common diterpene resin acids (for nomenclature_ see refs. 
II)_ 

10 and 
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column temperature is reduced from 190 to 170°C; this, of course, increases the 
analysis time, and it is more practical to carry out the analysis on the two stationary 
phases. 

The retention data (for BDS and SE-30) from Table I for pimarate, sandaraco- 
pimarate, levopimarate, paiustrate, isopimarate, abietate, dehydroabietate and 
neoabietate were compared with those reported by Hoimbom et at.‘. The relative 
retention data for BDS agreed to within 1 T< even though the column temperatures 
differed by 5°C. Good agreement was also found for the SE-30 data when we ex- 
trapciated the 170 and 190°C retention data to 2OO’C and compared these data with 
those reported for 200cC by Hoimbom er al_ Hoimbom et al. reported that paiustrate 
and ievopimarate are nor resolved at 200°C on SE-30. Indeed, our data show that 
while this pair is completely resolved at 17O’C, the retention times are predicted to 
converge at 200°C. 

Although data for comparison are iimited2*13, capillary retention characteris- 
tics of diterpene resin acid methyl esters generally parallel those from packed columns 
containing the same stationary phases. For the polar stationary phases (Siiar 1OC and 
BDS) the order of eiution from the capillary columns remains the same as from the 
packed column, but the separation factors from the capillary columns increase pro- 
gressively with retention time. 

Zinkel et al. have discussed the considerable difficulty in the separation of 
methyl isopimarate and methyl anticopaiare, which have nearly itidentical retention 
characteristics on three stationary phases (packed columns) of different polarities. 
However, these two compounds were resolved on ail six of the capillary columns 
tested. 

In packed column GLC analysis of the methyiated acidic fractionI of 
oieoresin or extractives, the most perplexing problem has been the resolution of the 
paiustrate-levopimarate pair. This resolution was accomplished only on the polar 

TABLE II 

RESPONSE CHARACTERISTICS OF DITERPENE RESIN ACIDS ON GLASS CAPILLARY 
COLUMNS COATED WITH SE-30 AT LOW LOADING 

Sample range 3-10 ng applied to the column (ie., injection of 0.3-1.0 pg in I ~1 of n-hesane with a 1OO:l 
suli0. 

Resb acid me:hFl 

eszer 

F: for SE-30 

A rerage :Vo. of data 

pOinZS 

Range S~anabrd 
Aviation 

(6) 

Abietate 0.956 23 0.835-I. 147 0.056 
Dehydroabietate 0.965 9 0.927- 1.008 0.024 
Isopimarate 0.996 16 0.948-1.038 0.018 
Neoabietate 0.993 10 0.~l-153 0.083 
Levooimarate 0.989 17 0.951-1.058 0.024 

* F, = correction factor = IYA- = l/F (where F = response factor); when the response of a com- 

ponent X is multiplied by F, it is &kted to equivalence with the reference component S (in this in- 
stance S is pimarate). 
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stationary phase Silar 10C2. However, concurrent with the resolution of palustrate- 
levopimarate on Silar IOC, the resolution of neoabietate and dehydroabietate was 
Iost. Hence the analysis of a typical mixture of resin acid methyl esters requires GLC 
using at least two packed columns. On the 10-m glass capillary column coated with 
SE-34 palustrate and levopimarate can be resolved by lowering &e column tempera- 
ture %om 190 to 170°C. Resolution can be effected on the polar stationary phases 
(BDS and Silar IOC). At 230°C neoabietate and dehydroabietate do not converge on 
Silar 1OC WCOT glass columns. 

Caution must be used in applying the data in Table I for the identification of 
compounds- For exampIe, a peak found on SE-30 at 190°C at rPim = 1323 should not 
necessarily be interpreted as resulting from 13/3-abiet-8en-l&ate_ There are four 
other compounds (1%abietanoate, 6,&l 1,13-abietatetraen-lS-oate, Sa-isopimaran- 
IS-oate and 7-isopimaren-IS-oate) that elute within the range of uncertainty of the 
retention data (= rPim 5 0.00>3_ In this example, one couId apply BDS at 190°C for a 
clear resolution of identity. 

Quantitation by glass capillary GLC 
Capillary GLC will provide useful retention data at very low sample levels- 

However, obtaining reliable quzntitative data with less than IO-20 ng applied to the 
column (i-e- injection of X-2 pg in 1 fi of n-hexane with a 1OOrl split) is difficult For 
esample, the response data 5~ Table II were obtained by introducing 3-10 ng of each 
component on to the coIur.-d using an automatic sampling device injecting into an 
inlet splitter_ At the 30 cotidence level, the data in Table II indicate that the error 
may range from 6 to 25 %_ _ 4 simiIar lack of reproducibility was recently reported by 
Lanza et aLI for the analysis of fatty acid methyl esters on a cyanosilicone stationary 
ph&e. Grob and Neukom I6 have also experienced a lack of precision with vaporizing 
injectors and recommend a cold on-column injection technique as the solution to the 
problem_ Later, Grob and Rennhard” recommended a manual injection technique 
wherein the syringe needIe is prczheated for several seconds before the sample is 
injected from the syringe barrel_ This technique was applied to the analysis of diter- 
pene resin acid esters, and the precision of resconse data was maintained at levels 

TABLE III 

COMPARISON OF DETECTOR RESPONSE RELATED TO SA.UPLE SIZE 

The sample consisted of methyl pimarate and dehydroabietate in appro?cimately a 1: I mixture- 

500 &975 0.009 
350 0.982 0.01 I 
175 0.966 0_004 
85 0.973 0.007 
35 0.978 O_CMM 
20 0.983 -0-006 
10 1.021 O.O!JO 

* Fe is the correctioqf~r, whi&_% multipIiaI by the peak ar& ofdchydroabictate to give an equal 
area response per unit weight of both resin acid esters_ . 
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TABLE IV 

QUANTITATIVE CORRECTION FACTORS FOR METHYL ESTERS OF RESIN ACIDS ON A lo- 
m GLASS CAPILLARY COATED WITH SE-30 AT HIGH SAMPLE LOADING 

fifert F, Smnckzrd akridon (0) 

Isopimaratc 0.999 0.011 
Levopimarate I.025 0.007 
Palustrate 1.061 0.004 
Dchydroabietatt 1.001 0.007 

Abietate 0.997 0.010 
Neoabietate 1.018 0.010 

* The reference compound is pimarate. 

down to less than 10 ng applied to the column. Unfortunately, this injection tech- 
nique cannot be reproduced by most autosamplers. 

When using an autosampler with the inlet splitter, accurate results may be 
obtained by introducing samples of greater than 20 ng per component on to the 
column (Tables III and IV). It is clear from Table III that the relative response by this 
method is linear for amounts of sample from 20 to 500 ng. The reproducibility of 
the response for several resin acid methyl esters is shown in Table IV. This method of 
quantitation is much easier than the on-column method described by Grob and 
Neukomi6, and the standard deviations show that the reproducibility is better. 

Obviously, for meaningful quantitative results the components must endure 
the chromatographic process without isomerization or loss. A useful test of packed 
column activity is the isomerization of certain abietadienoic acid esters (levopimarate 
and palustrate). On-column transformation is recognized by the elevation of the 
baseline following the levopimarate and palustrate peaks, the elevation extending 
through the elution of neoabietate13. With capillary columns it is more difficult to 
observe this transformation because the peaks are usually displayed on the chart at 
greater attenuation and more closely grouped than with packed columns. Con- 
sequently, the baseline deviation is not so apparent_ Therefore, it is imperative that 
response factors are regularly monitored. 

Table IV lists the correction factors (reciprocal of response factors) of several 
of the more common pine resin acid methyl esters, relative to pimarate as determined 
on the SE-30 column at 190°C. Because the correction factors fall within the range of 
experimental error of the method, normalization of peak areas will suffice for most 
analyses_ 

CONCLUSION 

WCOT glass capillary GLC is superior to packed column GLC for the qualita- 
tive analysis of diterpene resin acid mixtures. Tentative identification of components 
may be accomplished more rapidly and with greater certainty than with packed 
columns. 

When samples of less than 10-20 ng per component are introduced on to the 
capillary column from an inlet splitter, specific injection techniques are necessary for 
reliable quantitation. Most automatic injectors cannot produce these techniques. 
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However, it is possible to achieve accurate quantitation by glass capillary GLC using 
an automatic injector and inlet splitter if samples of adequate size (greater than about 
20 ng per component) are used_ When the samples involved have widely varying 
component concentrations, some components -&ill overload the column. As a result 
of overioading, the anaIysis must often be repeated at different sampling levels in 
order to obtain complete retention data and quantitative analysis. However, this 
usually takes less time than carrying out several analyses on two or more packed 
cohmnl.s_ 

This work was supported in part by the Pulp Chemicals Association_ 

NOTE ADDED IN PROOF 

Mediantsev et at_‘* recently claimed to have optimized the resolution of a mix- 
ture of common resin acid methyl esters chromatographed on a 50 m x 0.3 mm glass 
column coated with a 1: 1 mixture of EGS-DEGS. However, they did not resolve the 
Ievopimarate-palustrate pair as would be expected considering our success with the 
sbghtly less polar BDS liquid phase on a 10-m column_ 
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