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Bs Steam Distilled Wood Turpentine A single representative
sample of steam distilied wood turpentine. was used for qualitative
analysis (Crosby Chemicals, Inc.)s The chromatogram of this sample
shows 15 recognizable peaks, (Figure twenty-two). All of the hydro=
carbon components of this sample are placed together in collective:
peak one, The identification of these peaks was not undertaken.
The peaks with retention times shorter than alpha pinene are often
caused by naptha since this material is sometimes used in the solw
vent process for the production of steam distilled wood turpentine,
Peak number two was shown to be alpha pinene, Here again,other
t;ace components may be masked by the large alpha pinene peak,
Peak number three consists of camphene. Peak four is beta pinenes
Peak five is caused by dl-limonene or dipentene., Peak seven has
been shown to contain terpinolene but as in the casé of gum ture
pentine, this is a_mixéd peak, Peaks seven, eight, and nine re~
main unidentified., Peak ten is given by benzaldehyde., Camphor is
responsible for peak eleven and bornyl acetate for peak tweive.
Peak thirteen has not been identified, and neither has peak fifteen,
Peak fourteen is alpha terpineol and/or bornyl alcohol.v

Infra~red Data Infra-red spectra of the turpentines are
shown in Figure twenty-three, The only major differences shown by
these two spectra are caused by beta pinene at 6,4 and 11,45 microns,
Samples of alpha and beta pinene were purified by trapping from the
ﬁD" column and their infra-red spectra were then obtained (Figures

twenty-four and twenty-five), Figure twenty-six shows the spectrum
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of distilled alpha pinene. At least twenty minor components were
removed by gas chromatography and the differences in the spectra
of the two samples are evident upon comparison of Figure twenty-
four with Figure twenty-six, Note the difference in the peaks at
12,75 microns in particul#r. The peak at 11,32 microns is caused
by camphene and is larger in the distilled sample,

Other spectra are shown in Figures twenty-seven through
twenty-nine, These are representative of some of the compounds
which were purified by gas chromatography, trapped and the infraw
red spectra compared with published data., Comparison with published
values will show the absence of a number of the peaks in the spectra
of chromatographed samples,

Alpha and beta pinene were shown to be present on the basis
of infra-red data, but other than these two, the poor comparison of
these infra~red data with those published, and the difficulty ine
volved in trapping samples of minor components for use in 1 mm,

cells, ruled against further work with infra=~red identification,

Chemical Reaction  Since infra-red identification did not
yield adequate information for more positive identification of some
of the minor constituents of gum turpentine, particularly peak six
(Figure twenty-two), chemical means were used to remove some of the
peakse |

Several of the turpenes in gum turpentine have a conjugated

diene structure, These may be removed by reaction with maleic



36
anhydride, Maleic anhydride will also remove alcohols and cause
some isomerization, In‘order to discover which compounds had
been removed by’the diene reaction and which were removed by other
mechanisms, the same reaction was carried out with phthalic anhyw
drides Peak six (Figure twenty-two) may contain both cineole and
beta-phellandrene, No sample of beta-phellandrene was available,
.consequently further identification could not be made on the basis
of retention time, Beta~phellandrene, however, should undergo the
diene reaction, whereas cineole would not 5e expected to, The

structures of these two compounds are shown below,

cho

H
CH3’ \CH3
ﬂPhel!andvene QCineole

These two reactions were carried out as followss

Maleic Anhydride Reaction -=-EBighty milliliters of gum turpenw
tine were placed in the flask of a soxhlet extraction apparatus and
five grams of maleic anhydride added. This corresponded to approxie
mately one tenth of a mole of maleic anhydride per mole of turpentined
The molecular weight of turpentine was based upon that of its major
constituent, alpha pinenes Several glass beads were added for

boiling chips and the solution was placed on a hot plate to reflux,
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Samples were taken through the condenser from the soxhlet trap and
chromatographed immediately, They were taken from the initial
boiling mixture, after one-~half hour, at one hour and fifteen
minutes, and again at the end of two hours,

Phthallic anhydride reaction--~Eighty milliliters of the
same turpentine were reacted with five grams of phthalic anhydride,
Exactly the same procedure was used as aboves

The gum turpentine used for these reactions did not come
from the same sample as used for the identification by retention
times, but it did come from the same source and its composition was
almost identicai. A chromatogram of the starting material is shown
if Figure thirty, Figures thirty-one and thirty-two show chroma=
tograﬁs of the maleic anhydride and phthalic anhydride reactionsS,

The samples taken after one-half hour are shown above simply
becauée thevchromafograms were neat and well matched, There was
little variation after the first sample was taken, What little
there was could easily be explained on the basis of isomerization
and by the variation in the amount of liquid in the soxhlet trap
when the samples were taken from it

It will be immediately noticed that peak six has been almost
completely removed by the maleic anhydride reaction (Figure thirtye
one), but not by the reaction involving phthalic anhydride (Figure
thirty~two)e Peaks nine, eleven and a substantial part of sixteen
have also been removeds Peaks thirteen, fourteen and fifteen have

been greatly reduced by both reactionsg
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It is concluded that the removal of peak six was principally

a result of the diene reaction and therefore peak six must at least
be partially composed of a conjugated diene terpehe such és beta

phellandrene, Peaks eight, ten, and twelve are suspected of being
isomerization products on the basis of these reactions and their

frequent occurrence for other reasonss

Reaction with Sodium Bisulfite-- Both samples of turpentine
were tested for reaction with sodium bisulfite, One gram of sodium
bisulfite was added to about ten milliliters of each turpentine
and shaken for one-half hour, The sodium bisulfite was allowed to
settle and the supernatant liquid was decanted through filter
paper, Two microliters of each sample was chromatographed.

The treatmént caused no changes in the chromatogram of gum
turpentine, however, peak ten was removed from steam distilled
wood turpentine, This peak had been tentatively identified as

benzaldehyde on the basis of retention data.

Summary of Information used for Identification-- Table four is a
summary of the information used for the identification of the

ma jor components of gum and steam distilled wood turpentine,



TABLE IV

SUMMARY OF INFORMATION USED FOR IDENTIFICATION

et S hm
No, Compound Lit, RIR - IR React,
1 Alpha Pinene X X X
2 .Camphene X X
3 Beta Pinene X X X
4 Dipentene X X
5 Cineole X X X
6 Beta Phellandrene X ? X |
7 Terpinolene X X
8 Canphor X X
9 Bornyl Aéetate X X
10 Alpha Terpineol X X
11 Benzaldehyde X X X
Pt i o]
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Quantitative Analysis

Three samples of T & R Gum Turpentine were analyzed by
gas chromatography using the automatic printing integrator., The
integrator was used in its manual functionj that is, as a peak
was about fo appear on the chromatogram the integrator was caused
to print by pushing the manual printing button, When the pen of
the recorder returned to the lowest point, or zero, the button was
again pushed, If necessary, the attenuation of the recorder was
changed and/or the integrator was zeroed at the base line for the
next peak, Some adjustment of the integrator zero was usually
necessary for the remaining peaks‘after peak seven in order to
assure highest accuracy for these minor components, For a sample
of Gum Turpentine such as the T & R sample used here, the attenu=
ations were; times 1 for the low boiling peaks, times 256 for
alpha pinene, times 32 for Camphene, times 64 for beta pinene,
and times 4 for dipentene and cineole, The remaining peaks were
all run at an attenuation of 1. A representative chromatogram is
shown in Figure thirty~threes For the sample of Steam distilled
wood turpentine the attenuations were; times one for the low
boiling hydrocarbons, times 256 for alpha pinene, times 32 for
camphene, times 8 for beta pinene, and times one for the remain-
ing peaks. A representative chromatogram is shown in Figure

thirty-four,
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Tables of data for the analyses (Tables five and six) show
the peak number, the number of coﬁnts given for a particular peak
in each analysis, the appropriate multiplication factor for each
peak, the total number of counts, the area per cent for each peak,
and an average for the three analysess

vThe method used for calculation of the per cent of a peak
was that of internal normalization of peak areas, In this method
it is assumed that the total area under a chromatogram represents
all of the sample componentse Using the automatic integrator,
the number of counts for each peak is divided by the number of counts
given for the entire samples. The use of such a method without
corrections is, of course, subject to errors in relative response,
mechanical error in the integrator, detector, and fecorder. These
might be corrected for if need be, but were considered outside the
scope of the present work,

Tables seven and eight give information on the precision
of the method; These data include the average value, the devi-
ation from the mean for each peak for the three runs, and the
average deviation,

The use of the automatic integrator for this work requires
the operator to be somewhat familiar with the sample he is
working with, It is sometimes necessary to run the sample once
to determine the attenuations to be used for the various peakse

The precision of the method using the automatic iﬁtegrator

is improved substantially as the operator gains experience in using



TABLE V

ANALYSIS OF T & R GUM TURPENTINE

COUNTS TOTAL COUNTS AVERAGE
Peak I II III X I II III I II IIX
1 78 82 92 1 78 82 92 0,04 0.06 0,05 0.05
2 408 338 396 256 104448 86528 101376 60,22 58,44 59,11 59,29
3 59 42 40 32 1888 1344 1280 1,09 0.91 0.75 0.91
4 855 769 894 64 54720 49216 57216 31,55 33,24 33436 132468
5 720 628 692 4 2880 2512 2768 1.66 1,70 1,61 1,66
6 1005 907 1026 4 4020 3628 4104 2,32 2445 2439 2439
7 1192 1141 1033 1 1192 1141 1033 0.69 0,77 0460 0.69
8 140 18 24 ‘1 140 18 24‘ 0,08 0401 0,01 0,04

K44



TABLE V (Cont'd)

ANALYSIS OF T & R GUM TURPENTINE

AREBA %

COUNTS TOTAL COUNTS AVERAGE
Peak I I1 111 I I1 111 I I III
9 122 38 48 122 38 48 0,07 0.03 0,03 10.03
10 172 56 55 172 56 55 0.10 0.04 0,03 0.06
11 239 61 82 239 61 82 0.14 0.04 0.05 0.08
12 120 28 49 120 28 49 0,07 0,02 0.03 0.04
13 216 211 117 216 211 117 0,12 0.14 0.07 0.11
14 269 278 191 269 278 101 0,16 0,19 0,11 0.15
15 447 373 407 447 373 407 0426 0.25 0,24 0,25
16 2488 2544 2670 2483 2544 2607 1,43 1.72 1.56 1,57
TOTALS 173439 148058 171512 100,00 99,98 100,00 100,00

%4



TABLE VI

ANALYSIS OF CROSBY SDW TURPENTINE

COUNTS TOTAL COUNTS AREA % AVERAGE
Peak I II I1X X I B III I 1I II1I
1 1515 1498 1467 1 1515 1498 1467 0.62 0461 0,60 0,61
2 847 854 850 256 216832 2;8624 217600 88470 88.79 88,76 88.75
3 551 557 547 32 17632 17824 17504 7.21 7,24 7414 720
4 622 620 611 8 4976 4960 4383 2.04 2,01 1,99 2401
5 1242 1175 1200 1 1242 1175 1200 0.51 0,48 0,49 0.49
6 645 595 840 1 645 595 840 0426 0.24 0434 0.28
7 .
146 149 123 1 146 149 123 0.06 0.06 0.05 0.06
8

144



TABLE VI (Cont'd)

ANALYSIS OF CROSBY SDW TURPENTINE

TOTAL COUNTS

AREA %

AVERAGE

COUNTS
Peak I II III I IT ITI I IT I1X
9 32 38 32 32 38 32 0,00 —— —— _—
10
326 310 362 326 310 362 0.13 0.12 0,15 0.13
11
12 95 103 80 95 103 80 0.04 0.04 0,03 0,04
13
885 818 876 885 818 876 0436 0,33 0436 0435
14 :
15 114 171 169 114 171 169 0.05 0.07 0.07 0.06
TOTALS 244440 246227 245141 99,98 99,98 99.98

99,99

Sy



PRECISION OF ANALYSIS OF GUM TURPENTINE

TABLE VIX

46

—

AREA % DEVIATIONS

Peak

No, 1 2 3 Average 1 2 3 Average
1 0,04  0.06 0,05 0,05 0.0l 0,01 0,00 0.01
2 60422 58,44 59,11 59,29 0493 0,85 0,18 065
3 1,09 0,91 0,75 0,91 0,18 0,00 0,16 0.1l
4 31,55 33,24 33,36 32,68 1,13 0,56 0,68 0479
5 1,66 1,70 1,61 1,66 0.00 0,04 0,05 0,03
6 2432 2445 2,39 2,39 0,07 0.06 0,00 0404
7 0469 0,77 0460 0469 0.00 0,08 0,09 006
8 0.08 0,01 0.01 0.04 0.04 0.03 0,03 0401
9 0.07 0,03 0.03 0.03 0,04 0,00 0,00 0.01
10 0,10 0,04 0,03 0.06 0.04 0,02 0,03 04,03
11 0.14 0,04 0405 0,08 0406 0,04 0.03 0,04
12 0407 0,02 0403 0404 0403 0,02 0,01 0,02
13 0412 0414 0,07  0.11 0,01 0,03 0404 0,03
14 0416  0.19  0s11  0.15 0.01 0,04 0,04 0,03
15 0,26 0,25 0.24  0.25 0,01 0.00 0.01 0,01
16 1,43 1,72 156 1,59 0a14 0415 0400 0410




PRECISION OF ANALYSIS OF SDW TURPENTINE

TABLE VIII

47

DEVIATIONS
#2 #1 #3  Average #2 #1 #3 Average
1 0.61 0462 0460 0.61 0 «01 +»01 «01
2 88470 88,76 88475 «04 «04 «05 «01 +03
"3 7424 7421 714 7420 04 «01 «06 «04
4 2.01 2,04 1.99 2401 0 «03 «Q2 202
5 048 051 0.49 0449 01 202 0 «01
6 Q.24 0.26 0434 0428 +04 »02 + 06 «04
7
006 0,06 0,05 0406 -0 0 «01 "0
8
9 ot ot o By g s 2ot by e i Lalale s g
10
0s12 0,13 0,15 0.13 «01 "0 «02 «01
11
12 0,04 0.04 0.03 0.04 0 o 201 0
13
14
15 0.07 . 0405 0.07 0,06 01 02 «02 «02
99,99 99,98 99,98 . 99.98

|
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the equipment, The attenuation must be changed several times
during each analysis, the number of counts taken, the peaks and
integrator tape marked, and the integrator zeroed., At the start
of the analysis, when peaks are emerging in rapid succession, the
operator must move from one function to another swiftly. This
task, once mastered, is not difficult, but may require several
trials before it is learned, The precision is also improved by
treating two incompletely separated peaks as one peak, as was done
for the analysis of SDW. |

Six turpentine samples were prepared by the Paint Laboratory
of Department of Agriculture, Commonwealth of Virginias These
samples were in one=half pint bottles marked only with an identim-
fying number. It was known that these samples were of commercial
turpentines and could be gum or steam distilled wood turpentine or
a mixture of the two,

The chromatograms and analysis data for these samples are
shown in Figures thirty-five through fortys The following evaluw~
ations were made on the basis of what has been published on the
composition of turpentine, the over all "fingerprint" of the sample,
identification of peaks by retention times, and the quantitative
data obtained.

Sample # 3875 -~ One may easily note the similarity of this
samplé to the known steam distilled wood turpentine (Figure twenty-
two)a The percentage of alpha pinene is that reported for steam

distilled wood turpentine, and the absence of a large peak for
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beta pinene further indicates that this sample could not be gum
turpentines The amount of low boiling material in this sample is
larger than that present in the known samples Comparison of these
léw—boiling peaks with a chromatogram of naptha indicates that the
turpentine was most likely produced by the solvent process, in which
the woody material is chipped and then extracted with a petroleum
hydrocarbon solvent before distillation. The percentage here is
too low to be deliberate adulteration since this would hardly be
commercially feasible,

Sample # 3876 can readily be identified as gum turpentine,
Its marked resemblance to the known gum turpentine lead to the con-
clusion that it might possibly be the same brand., Comparison of
the values for alpha and beta pinene with the known analysis is
quite remarkable.

Sample # 3877 is also gum turpentine, Note that peaks five,
six and seven are at an attenuation twice that of the known sample
and also the previous sample,

Sample # 3878 appears to be steam distilled wood turpentine
at first glance, but closer examination reveals several inconsis-
tencies.. Peak four is rather large, but within reason. However,
peak five in this chromatogram does not occur in any other chroma=~
togram. Its identity is not known. Peaks twelve and fourteen are
larger than might be considered "normal™ on the basis of limited
experiences This might be attributed to the fact that the sample

may not have been fractionated quite as closely as others which
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have been run, With these qualifications the sample appears to
be steam distilled wood turpentine,

Sample # 3879 is quickly identified as steam distilled wood
turpentine, With minor differences it is similar to sample # 3875,
Note that the hydrocarbon peaks are more numerous and are run at an
attenuation of two in this case, These peaks are attributed to
napthae

Sample # 3880 would appear to be a mixture as indicated by
the values of 69,95% for alpha pinene and 18.,01% for beta pinene,
The high boiling peaks shown by gum turpentine are present, but
reduced in sizes The amount of low boiling hydrocarbons is large,
It was known that if this were a mixture it was made up of the
turpentine samples analyzed here, With this knowledge the chroma-
tograms were again examined, and as may be seen, the sample is a
mixture of samples 3877 and 3879, This is shown by the siie of
peak seven in the chromatogram of sample # 3877 and by the size of
the hydrocarbon peaks in sample # 3879. Note that both these peaks
are at an attenuation of two in the chromatograms of the original
samples, This conclusion concerning the mixture may be verified by
the examination of other peaks. The arrangement of collective peak
one and peak seven offered the opportunity to calculate the per=
centages of the two turpentines in the mixture, This was done and
the values were 53,03% wood turpentine on the basis of peak one,
and 52,61% on the basis of peak seven, When the information on the

actual composition of this sample was made available it was found
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that the sample had been rather roughly mixed 50-50 in a graduate
cylinder,

All the identifications in the above report were correct
according to the élaims made on the original containers of the
samples except in the case of sample # 3878. This sample was
claimed to be pure spirits of gum turpentine, The claim would be
considered untrue promptly, if it were not for the fact that it
came froh a western location (El Paso, Texas). Although it was
not known that any turpentine was being produced in that -area, it
does not rule out the possibility that this may in fact be gum
turpentine from western varieties such as the bristlecone pine

(Pinus aristata), the Coulter pine (Pinus coulteri), the Pinyon,

(PYnus edulis), the Limber pine (Pinus flexilis), the Torrey and

Fremont pine (Pinus monophylla), and the Ponderosa pine (Pinus

ponderosa)e The turpentine content, physico-chemical properties,
and chemical composition of these pines may be found in Guenther,

The Essential Oils, vol, VI, It is almost certainly a mixture,

and not chiefly any one variety, based on the information in the
above references This sample may also have been imported from
Mexico. The container was not stamped with a code, and identiw-

fication of the source by the manufacturer might be difficult,
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SUMMARY

Three liquid substrates and three solid supports were in=-
vestigated for the separation'of the components of turpentine,

A combination of twenty per cent Carbowax 20M on C-22 Firebrick
was found to give satisfactory separation at a column temperature
of one hundred and fifty degrees centigrade and a helium flow rate
of forty-five milliliters a minute,

The retention times of thirty-one terpenes and related
materials were determined and these retention times used for the
identification of the constituents of a sample of gum turpentine
and a sample of steam distilled wood turpentine, Trapping and
infra-red analysis were also used to a limited extent for quali-
tative analysis, Chemical reaction of turpentine with maleic
anhydride and sodium bisulfite was used to gain additional inform-
ation on the structure of several components,

An automatic integrator was used for quantitative analysis
of the separated peaks, The precision was found to be good using
this instrument, and the values obtained compared well with analyses
reported using distillation and infra-red methodse

Identification and analysis of several commercial turpen=

tines indicated that the method could be used for routine analysisa
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