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INTRODUCTION

American gum spirits of turpentine, which is obtained almost en-
tirely from the species Pinus palustris (longleaf) and P. cavibaca
(slash pine) (22), like that from the French P. maritime is com-
posed very largely of the two isomers «-pinene and nopinene or
B-pinene (12, p. 128; 14). The quantity and proportion of these
components are of considerable indnstrial importance in the synthesis
of camphor and to some extent in the manufacture of terpin hydrate
and e-terpineol (8, 9, 10,11).

The gradual transition in the southeastern pine belt from the old
stands of longleaf to the new growth of slash pine has raised the
question as to the possible effect of this on the fundamental character
of American turpentine, some influence having already been noted ix
the increasingly negative rotation.

Examination of turpentine from slash and longleaf pine (one
sample of each) by Dupont and Barraud (74) showed that turpen-
tine from the two sources varies considerably in the proportions of
the two isomeric terpenes. Although the authors do nat attach any
importance fo this difference, yet if it is found to hold consistently
and if the pronounced decrease in 8-pinene content is indicative of a
definite change in composition, a change due to the transition, these

facts would be of significance in view of the superior reactivity of
B-pinene (10, 11} over «-pinene, especially in certain processes (7,
d) for synthetic camphor.
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1 Drawings of the apparatus were mnde by It M. DBaker, of the Chemleal Ingineering
Divislan.

A Italic numbers in parentheses refer tu Ligersture Clied, po 12,
T6H30°—32
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The object of the investigation reported in this bulletin was to
examine ‘.t]he available means for obtaining fundamental quantitative
data on the composition, particularly the mujor components, of the
predominant American gum spirits of turpentine and to obtain data
on the compesition of turpentines from the well-known scurces.

METHODS OF SEPARATING « AND g PINENE

With the possible exception of ozonization {4, I5), no chemical
methods for differentiating the two isomers « and S pinene have
been found to be quantitative. The well-known classic reactions,
for example, oxidation to pinonic and nopinic acids respectively, are
productive of low yields and are unsuitable even for approximately
quantitative purposes.

Cumplete quantitative separation of the two from one another and
from the tailings by fractional distillation or other physical means,
although theoretically possible, would in view of the similarity of
physical properties be impracticable.

armois {9, I0) has shown that by means of an effective frac-
tionating column French gum spirits {also American) is resvlved,
with the exception of a very smail quantily at the beginning
(“head ?) and end (“tailings”) of the distillation, into the 1somers
« and B pinene, and mixtures of the two in varying proportions, and
that their respective proportions can then be ascertained by the Biot
relationship (72, p. 98). DBy plotting rotatory dispersions Darmois
proved that the mixtures contain only the two components. Dupont
and Desalbres (75) have found by experimenting with highly puri-
fied «-pimenes that inactive pinenc tends to concentrate in the top
fractions. Chavannes (7}, however, by careful fractionation of 30
kilograms of French turpentine has isolated low-beiling unsaturated
hydrocarbons.

Dupent applies the same principle for the determination of the
composition of the tailings, ete.. in terins of §-pinene and nonpinenes,
by obtaining the necessury optical data on the dominant ©tailings”
constituent through fractionation of the end portion in a small
column.

With the aid of a special bubbling column (9, 710) (2 meters long
with 85-wire gauze plates), Dupont and his asscciates, applying the
Darmois methed, have made o comprehensive study of ¥rench tur-
pentine and of others of different origin {2, 72).

To provide the data essential for the Darmois method and pro-
cure a distillation picture of diagnostic value, an effective means for
fractional distillation of the turpentine is of prime impertance.
Furthermore, the relatively high boiling points of the components,
their proximity, and their susceptibility to isomerization and decom-
position render it necessary to carry oub the fractionation at reduced
pressure.

EQUIPMENT

The assembly is shown in Figure 1. The following fractionating
columns were tried in this work:

A gauze-plate bubbling column deseribed by Dupont (12). of 30
plates, approximately 190 em. long, and 2.5 em. In outside dinmeter,
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Frauen 1.—Assembly for fractlonation of turpentine in vrenum, showlng column,
electricully heated Jucket, pressure regulnter, dephlegmntor-condenser, and
cthier necesgory npparntus
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A Dbubbling cap-plate column devised by Bruun
(5), of 15 plates, and approximately 125 cm. long
and 2 cm. in outside diameter. This was found to
be an effective fractionating device.

A packed column filled with short pieces of glass
tubing described by Peters end Baker (20). This
column, used only in somec of the earlier experi-
ments, was not found so effective as the bubbling-
plate type.

Improved gauze-plate bubbling columns developed
in this division (79), one of 15 plates, about 110 cm.
long, and one of 32 plates, about 210 cm. long, both
2.5 ¢n, in outside diameter. (Fig. 2.) These were
found to be more resistant to flooding and to func-
tion more smoothly in vacuum fractionation than
the other columns.

Therma? insulation for the column was provided

by an electrically heated jucket, rheostat controlled
(30). The superior cfficiency of lagged over un-
Jagaed columns has been shown by Leslie (76) and
Marshall and Sutherland (48).
+ A large reservoir, serving to take up any slight
leaks, aided materially in maintaining continu-
ous and smooth operation during the taking of
a fraction when the pump was cut off from the
colunin.

Constant pressure in the system was maintained
by a Wade and Merriman regulator® (24) with
modifications to prevent loss of mercury (fg. 1, B),
and a trapping arrangement (fig. 1, Co—Tr,) made
it possible to clean the apparatus (by treatment with
dilate acid% without disturbing it.

The dephlegmatar-condenser (fig. 1) used with
the gauze-plate column is, with slight modification,
the form described by Marshall (7). Division of
the product and reflux in these was controlled by
stopcockt C,, and the dimensions of the columns
were such as to insure ample reflux without interfer-
ence by ascending vapors.

The Bruun column was provided with an auto-
matic reflux regulator; the reflux ratio being about
12:1 (6).

Ope(rn)tion of the system, as shown in the diagram
of the assembly {(fig. 1) is as fellows: Connection
with the pump is made throngh san appropriate trap-
ping vessel (Tr;}, which in turn is connected with
the pressure regulator at P. R. Tt is connected with
a large reservoir (an old steel oxygen cylinder has
been found very serviceable), also with a manometer
to indicate pressure in the system {with pump on or
off}, and to a mercury gauge, G, which also serves
as o safety valve at V.

3 This hos tecontly been replived by a mereury regulitor and relay.
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During distillation all parts of the apparatus are kept in com-
munication with the pump and the pressure-regulating system and
reservoir, through the stopeocks, When taking o fraction, compart-
ment & is closed to the rest of the apparatus by stopcock C; and is
brought to atmospheric pressure through a 2-way stopcock, C,, the
pump remaining in communication with the rest of the system.
When the fraction has been taken, communication of column to pump
is closed by stopeock Cs, and compartment b is evacuated by opemng
cock C, to the pump (the proper pressure point is automatically
determined by the pressure regniator), and the whele system 1s ngain
brought inte intercommunication by opening cocks Cy and Ci.

PROCEDURE

Fractionations were made with the apparatus shown in TFigure 1
at constant pressures, some ab 20 nun., others at 65 mw.  Operations
at constant pressure added greatly to the convenience and smooth-
ness of the distillations and fac:ilifated making sharp cuts. Ap-
proach to the pure components was indicated readily by the distilla-
tion temperatures.

The fractionation of each sample was divided into {wo steps. All
but the last 50 to 100 gm. of saumple was distilled in the large appa-
ratus {fig. 1}; tbe remainder, comprising the tailings and some
B-pinene, was transferred to a small unit to complete the fractiona-
tion. In this the eclumn preper was similar to the Vigreux column
{2}, with thermal insulation, pressure regulator, and other acces-
sory apparatus the same as that deseribed for the large column.

Rotation measnrements were made in the green {V=2546 mp} and
yellow {J==578myu}, and occasionally also in the yellow (D=58% mp),
with a Schmidt and Hinsch instrumont equipped with a2 mono-
chromator. The small quantities of various components in the high-
boiling fractions are given as tailings. No attempt was made in this
investigation to deterniine its several constituents,

The quantitative data were determined by the Darmois-Dupont
optical method on the basis of the Biot relationship (12, p. 98,
9,10} :

x ﬂ_{*’}_)c"‘ (‘_{)_:’
' (“)1_ (‘1)2
for any given fraction containing the two terpenes in which—

(X),=the proportion of e-pinene,

{a}o=o0bserved rotation in that fraclion.

{«),=rotation of the pure a«-pinene {determined through isola-
tion of this constituent by careful refractionation of the
top fractions and oceasionully further checked by the plot-
ting method of Darmois).

(«)}.=rotation of the g-pinene, which, when obtained from turpen-
tine, regardless of origin (72}, is found to have o constant
value, o;=-—19.62° (10-cm. tube); specific rotation,

nf_) = — 93410,

Beyond the point of pure g-pinene in the series of fractions. the
proportions of B-pinene and the nonpinene constituent or tailings
were determined from the relutionship

- =_(E_)n_{{}l)_3
e {«)o—la)s




6 TECHNICAY: BRULLETIN 276, U. 8. BPEPT. OF AGRICULTURE

where («),=rotation of the dominant tailings constituent, X,=pro-
portion of B-pinene having the rotation {«),, the observed rotation
of the fraction being {a},.

Strictly spealking, specific rotations should be used. As density
differences involved are negligible, however, in practice actual rota-
tions are used (9).

As pointed ocut by Dupont, slight errors in the latter calculations
(12, p. 121} are introduced, as the rotation of the dominant tailings
constituent is not obtained with great accuracy, probably owing fo
the presence of more than two components in the last few fractions.
These fractions, however, are too small to affect the general sccuracy
of the determinations.

RESULTS

Analytical data on the various turpentine samples examined are
given in Table 1. Samples 2, 8, 9, 11, and 11 were cbtained from
authentic oleoresins* by steam distillation in the usual manner.

Tasrs 1—Adnalytical data on turpentine samples from commercial and aulhenifoc
EOHIOCE

Hotniion {}-cm. {ube) Comyrosiiion

Den-
Bource and santpie XNo. ::[5‘5"
= 5if My, | ay= 56, (d _)

Taiil-

a-pinengf-pinens ings

Commereinl from mized fiskls of
slash nng longlen! pine; Percent | Percent
G- 0. 8707 650 315

. 842 6.9
« Bl 2
. Bage §9.2

Slash pine 2, oid. . - ggg:; 58.9
Loogleal 1, fresh_____ 114, -16. . - 8080 8.4
Longlen! phae 2, fresh . . . . B 62,5
Gum dip 8, slash. .. L 58 . . . 8857 41,0
Gum dip 9, ionglend. ! . L . . BOST 625
Berape 16, slosh____. - i ] . L8N 58,8

Berane 11, longhent : . 5 . . 5675 7

PR ¢
O Chre QTR0 W

Longleaf pine No. 1 represents a commercial turpentine obtained
from an area in Mississippi known to be exclusively longleaf,

Slash pine No. 3 represents a sample from an auathentic source
which had been in storage for about four years,

Samples G-, G-15, and G-16 were obtained from commercial tur-
pentines which had been kept in storage In tanks for several years
(agpmximately closed from the atmesphere).

ample B-1 represents a commercial turpentine obtained from
mixed longleaf and slash gam.

Typical detailed fractionations of a sampie each of slash and long-
leaf pine are given in Tables 2 and 3. Data on rotations, rotatory
dispersions, refractive indices, and densities of the fractions, plotted
against weight, are shown in ’Figures 3, 4, 5, and 8, Normal inflec-
tions are noficeable with the change from the relatively pure «-pinene

< Prepared by W, C. Smith, of this division, from oleoresing made avaliabie by the Forest
Iroducts Laborgtory In connecticn with anviher invesilgatlon,
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to the mistures with B-pinene, and from these te the 8-pinene. Influ-
ence of the tailings on the properties of the 8-pinene is shown by the
sharp inflections just heyond the g-pinene points of the respective
curves,
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HESEH T OF EGMPLE (GRANS)
Freonr 3—Rotiunilons and rotaiory dlspersions of fraetions from slash-pine turpentine

A break in the contimuity of rotatory dispersions of longleaf pine
turpentine occurs at the point (fraction 10) of change from dextro
a-pinene to levo @-pinenc and is not indicative of a new component as
shown by the continuity of the rotations, refractive indices, and
densities in the corresponding regions.
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Figuny §.—The fractionation of American gum spirits of turpentine nnd evalontion
uf its pinene content by optlenl mesus

TaBLE 2—Fractional distillation of 1,500 grams of twrpentine (3, slash pine,
old, Teble 1) and propertics of fruclions

[ Originnl turpentine; oy=—40.!1 {0-cm. tuba} 1125“!=L-i£!98
b
me=—45,12 (0em. tube) A% =0.8067]

Beiling Rotation (20-cm. tube) | Disper- | Refrac-
Fraction No. t%g‘fgeuré" Weight sion  |Liveindex

- ar (n25°
20 mm, ay=578ma | &v=546mpu ;',) B

Denslty

o

cooo

+

ENEN LA N I dn Chidn En
B S e
bSR3 OO O GA D e

#

=3
(=

ERRA2RBERES

A O D G O D ke

—i7. 18 .
—50.0 —50.9
Residyge. ..

110 @ {combined) —H. 4 —50, 25 .
12 1o 15 {combined) —348. 1 —40. 5 . . E135

u
=

1 Compuosition as coleulnted from datain table: a-plaene, 58.0 per cent; S-pinene, 35.0 per cent) taflings
0.4 par cent, Rotation of a-pinene: ay= —§5.2° {20-cm. tuhe}.
270 grums, representing remuinder of the sample, was transferred o smail apporatus aod fractionnied,
mantgigamms 18 Lo 22
mm.
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Maprr 3.—Freetional distillation of 1,500 grams of turpenéing® (longleaf 2,
Table 1) und nroperiies of fractivus
Original Lurpentine: e;—=+12.20 ({0-cm. tubs) 2% =1 400

p-F14.34 (100, Lube) a%%" = 0.3004]

; -
TPoiling Raiation (10-cm. tabe) | Disper- | Refrae- |

- . Sb i i - T4
Fraction Mo. T IRV, o ——————- o |tive ;E‘;Im Density

Lura at “r)
20 rum. w|=aT8 Ny | ee=5Hlmu a7
i

(dl.ﬁ.(‘-')

+4-32.78
33,20
33,15
433,18
+33. 17
+2. 72

SO Re AR ES GRS

- wTén o - €0 B R O Tn DN B ST Qe En
RO RERERERREEREEEEG
e e e e R e e b
T e T s

8.

20

Residue -
1106 (comnbined). .
12 to 15 {combined}_

e
Jarg

1 Camposition a8 caleulated frem dain in table: e-pinens, 62.5 per cenl; A-pipene, 33.3 per cent; tailings,
4.2 per cent.  Hotation of a-pinens: a;=--30.5% (10-cm. tube),
:?Et%mms, representing remainder of satnple, wis transterred to small apparatos.
Atdmm,

The distillation temperntures for the fractions representing re-
S})ectively the o and # pinene components are in fair agreement with
the temperatures for these compounds correspending to a vapor
pressure of 20 mm. as reported by Pickett and Peterson (21).

Reasonable agreement in the other properties of the o and g pinene
fractions with those of the pure compounds reported in the literaturs
was generally obtained by the one fractionation. The refractive in-
dices for the e-pinene components, although in agreement with those
reported by several authors, were all somewhat higher than those re-
portéd by Dupont and Desalbres (25} for the pure compounds, but
several refractionations showed no appreciabllc)a change. Rotatory
dispersion is of particular diagnostic smgnifieance. The values given
for the two terpenes are: a-pinene=1.183; f-pinene==1.0615 (15).

SUMMARY

An assembly is described, comprising plate rectifying column,
pressure regulator, and other accessory apparatus, which has been
found to function very smoothly and satisfactorily for the fractiona-
tion of turpentine in vacuum.

By distilling at fixed pressures, distillation temperatures become
reasonably accurate reference points in the approach to the pure com-
ponents, and closer correlation of distillation temperatures with com-
position of the respective fractions becomes possible.

Data relating to the composition of a number of turpentines with
respect to the o and g pinene and tailings are given, their proportions
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having been ascertained optically by the method of Darmois and
Dupont.

No great variation was noted in the total of the two components,
a and 8 pinene, Although material differences were noted in their
proportions, such differences do not seem to be ascribable to the
vaiiety of pine (longleaf or slash) or to the dip or scrape form of
either.

As regards the tailings, however, as well as may be judged from.
the limited number of samples examined, a generally higher content
is indicated in the slash-pine turpentine than in the longleaf, und as
mgy be expected, the old turpentine contains more than the fresh
turpentine. In view of the influence of the tailings components on
vields in industrial syntheses, this observation, if found to be true
generally, would have a grenter significance than would at first be
apparent.

. ‘There is apparently no indication, however, that the increase of
slash pine as a source of American turpentine will tend to diminish
its g-pinene content.

The increase of turpentine of negative rotation with the increasing
use of slash pine is doubtless due to the negatively rotating character
of the e-pinene in the latter and not to any material change in the
proportien of « and 8 pinene.
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