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INTRODUCTION 

...American;steam-distilled wood turpentine is obtained chiefly from 
tae)stumps of two species of the southern pines-longleaf J?ine (Pinus 
p&litstris MUler) and slash pine (P. caribaea Morelet). Lightwood is 
aJ~ used. lt consists of pieces with a high resin content from which 
~~~ less durable portions with small resin content have been removed 
' -decay. 1'3oth stumps and lightwood have generally been in or on 

ground f~ many years after the trees were felled, and considerable 
• !.@;nge has taken place in the composition of their resinous content as 
compared with that in the living tree. 

Turpentine' is but one of a series of products obtained from the 
stunlps and"lightwood by the so-called steam and solvent process 
(J5, 27, 29),4 whereby the wood, after being reduced to chips, is 
subjected first to steam distillation and then to an extraction with a 
special petroleum solvent. 

The oily condensate from the steam distillation contains the turpen
tine and also part of the pine oil, which must be removed by a series 
of processes in order to obtain the steam-distilled wood turpentine of 
commerce. 

The composition and properties of the turpentine are controlled and 
uniformity of quality of the marketed product is obtained by observing 
~ertain empiric ~iformi~y in proce~sing and refin~g. ThiS\Jlrocess~g 
IS generally earned out III well-eqUIpped, centralIzed plants, of whICh 
there are about 9 or 10 in th,;I entire country. 

1 Received for publication May 27. 1937. 
J Drawings or the apparatus were made by Irl Bauserman, draftsman, Chemical Engineering Division. 
'Member of the Naval Stores Research Division at the time this work was done. 
I Italic numbers in parentheses refer to Literature Cited, p. 27. 
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Gum spirits of turpentine, on the other hand, is obtained from many 
separate stills. More than 1,100 are distributed over the producing 
area.5 BeCatlSe the separation of the two products of the gum, turpen
tine and rosin, is much more easily effected, chemical control is rarely 
necessary. Thus, although both steam-distilled wood turpentine and 
gum spirits are derived from the same species of pine, the raw material 
from which they are prepared, fresh gum in the case of gum spirits, 
and stump oleoresin in the case of steam-distilled wood turyentine, as 
weU .as their methods of preparation differ markedly. It IS a matter 
of interest that the fresh gum spirits is, in the main, markedly uniform 
in composition (:eO). This uniformity is due tc a number of con
tributing factors, and here certain contrasting ieatures between wood 
turpentine and gum spirits are of interest. In every case, gum spirits 
represents the whole of the volatile oil obtained from the oleoresin, 
and not a fraction, as is +1,·\ case with steam-distilled wood turpentine; 
it is not subjected to any special processing or refining; the hydrocarbon 
portion, which constitutes auout 95 percent of the gum spirits, is com
paratively simple, consisting almost wholly of the two dicyclic ter
penes, a- and ,a-pinene. As has been shown previously (20) the pro
portions of these two constituents do not differ greatly for the two 
contributing species. While a-pinene is the principal constituent in 
both turpentines, very little ,a-pinene is present in wood turpentine. 
An appreciable proportion of the hydrocarbons of the latter consists 
of monocyclic terpenes. As will be evident from the experimental 
part later, even more marked differences characterize the nonhydro
carbon and "tailings" portions of these two kinds of turpentines. 

Steam-distilled wood turpentine has been on the American market 
for about 25 years. vVhile some data regarding its composition have 
appeared in the literature from time to time, these consist merely 
of statements of composition unaccompanied by detailed experimental 
data or methods of examination (17, 27, 29, 31, 41). The authors 
are aware of but one publication,6 a comparatively recent report by 
Dupont, Rambaud, and Bonichon (11), in which the product has 
receiyed a fairly systematic analytical examination. The results of 
this examination were based in the main on the application of Raman 
spectra methods to a. series of fractions obtained by one fractional 
distillation. The conclusion reached by these authors was essentially 
that steam-distilled wood turpentine consists wholly of terpene hydro
carbons, dicyclic and monocyclic. Estimated percentages of the 
several hydrocarbons, totaling 100 percent, are also given, thus 
leaving the clear implication that the various "pine oil" compounds 
from which the turpentine was separated in plant operation have been 
completely romoved by the refining process. This thought is indeed 
in harmony with the prevailing impression that steam-distilled wood 
turpentine consists entirely of hydrocarbons. As 'will be shown in 
the present investigation, this conclusion is not warranted. 

Oonsiderable published information is however available on the 
composition of the volatile oil as a whole obtained from the wood. 
A valuable contribution to the subject was made by tb~ laboratories 

& ELDREDGE, J. F. STATISTICS ON GUM NAVAL STORES FII.ODUCT\OS. tJ. s. Dept. Agr. Foi:est Survey 
Release 11. 13 pp. Dee.3!. 1935. [Mimeographed.)

• An In'\"estlgatlon on steam-dlstllled wood turpentine was mado In i927 by E. K. Nelson. of this Bureau. 
The summary of his unpubllsbed report reads !IS follows: "Examination of the minor constituents of wood 
turpentIne revealed the presence of traces of benzaldehyde, small amounts ot fonchyl alcohol and horneol,
and larger amounts of terpineol." 
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of Schimmel & Co. some years ago, in which a systematic investigation 
of the composition of "yellow pine oil" was discussed (34). Consider~ 
able attention was also given to the more volatile constituents that 
.tire now known to be present in steam-distilled wood turpentine. 
However, the composition of what might correspond to steam-distilled 
wood turpentine as a separate entity was not given consideration. 

Interstate commerce in steam-distilled wood turpentine, like that 
of gum spirits, comes within the purview of the Naval Stores Act. 
In connection with the enforcement of the f1.ct, it is desirable to have 
as complete information as possible on the basic chemical and ph:ysical 
differences between these two kinds of turpentine, because contmued 
improvement in tbe process of refining steam-distilled wood turpentine 
has rendered distinction between it and gum spirits less and less 
obvious by the usual methods. Sucb data constitute a basis for 
chemically differentiating between the two and for the development 
of definite analyticnl ways andmeaus of detecting reasonable quantities 
of one in the other. The question has also arisen as to the relative 
suitability of turpentines from these two sources for various specific 
industrial uses. 

As part of the general program on the study of the composition and 
properties of American turpentines, the investigation reported in this 
bulletin bas for its object the development of a suitable technique for 
the examination of products of this nature l the establishment of 
qualitative and quantitative data on the composition of steam
distilled wood turpentine, and such other information as may serve 
to bring out basic diflercnces or similarities between this product, 
gum spirits, and turpentines from other sources. 

METHODS AND EQUIPMENT 

DISTILLATION PROCEDURE 

The fractionations were carried out in the fractionating assemblies 
at suitable pressures maintained constant by a.n improved pressure 
control mechanism. Operations at fL'md, accurately controlled p'res
sures rendered possible a more intelligent IIcutting " of the distillate 
into appropriate frar-tions. Also, because of large quantities of 
material involved, a number of separate batch distillations were 
necessary. Accurate pressure control made possible the subsequent 
uniting of corresponding fractions to form larger composite fractions 
on the basis of distillation temperatures. Temperature served also as 
as a guide in the properly timed introduction of individual fractions 
into the still pot for systematic refractionation. 

In order to render possible cbeck e:mmination of the more complex 
higher boiling portion, actually only one-half of the totnl reSIdue 
remaining after the first 39 fractions (table 2) was used in completing 
the systematic fractionation of series 2 (turpentine as a whole). 
For purposes of calculation in the table, therefore, weights of the 
respective fractions obtained from this point on were doubled. The 
second half of this residue was subjected to fl. schematic treatment 
described under Chemicnl Treatment of Higher Boiling Portion. 
This was done independently of the chemical-analytical examination 
of the individual fractions of thn.t. portion listed in table 2 and described 
under Systematic Fractionnl Distillation. 
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EQUIPMENT 

.A uniform type of assembly was used in all the fractional distilla
tions, whether the column proper was large or small, of plate or packed 
type. The assembly as a whole, as shown in detail in figure 1, is 
divided into its four principal parts. 

Parts of the assembly for whiCh improved design is given here are 
as follows: 

A pressure-control unit serving both thc column system and an independent 
vapor jacket, each at its own pressure. 

An independent vapor jacket for insulating thc column, in which the temper
atu-re is controlled by regulation of pressure. 

An improved precision gage. 

MAIN PRESSURE-CONTROL UNIT 

In previous publications (23,24) a design embodying a dual system 
cf pressure control was described, the essential features of which are 
as follows: One vessel is in continuous communication with the 
distillation system, the pressure of which is maintained constS1nt by 
means of a valve operated by a magnet, controlled in turn by a 
Herschbcrg-Huntress sulphuric acid manostat and thermionic relay. 
Another vessel is in continuous communication with the pump, but III 
intermittent communication with the first vessel. This constitutes 
the low-pressure system, the pressure of which is maintained only 
appro:-..-imately eonstant. The pump operates occasionally and is in 
turn controlled by a mercury mallostat and relay. 
. In the assembly shown in figure 1, the design of the control apparatus 
has been improved and simplified, and better coordination with the 
distillation apparatus is obtained. 

For the detailed measurements and construction of the essential 
parts of tho control assembly, the reader is referred to previous 
publications (23, 24). 

The low-pressure system, both for the main control unit and for 
the au:xiliary jacket control unit is indicated in the drawi.ng by heavy, 
dark lines. 

The parts comprising the improved main control units and their 
new arrangement (fig. 1, A) are as follows: (j) and (k) are round
bottomed, short-necked flasks (6 and 3 1, respectively) that serve as 
ballast and provide a means for multiple eonnections. (j) also 
contains the sensitive valve mechanism eonsisting of the metal tube 
(e) with the capillary opening (ec), and the magnet (g) which is 
controlled by the thermionic relay (a) and the Herschberg-Huntress 
sulphuric aCId manostat (b). (c) IS a brass swivel. The low-pressure 
flask (k) is normally in eommunication with (j) by way of the metal 
tube and capillary valve, as indicated, but a bypass (h) provides a 
direct communicatioli between high- and low-pressure systems when 
necessary. The braneh (d) provides a eonnection between the 
auxiliary pressure-control unit 0 and the low-pressure system. The 
principal communication between the control unit and the eolumn 
distillation system is made by way of the trap tube (7), fig. 1, B, 
manometers mt and m2, and precision gage D joining at (x). Pressure 
in the low-pressure system is controlled by the mercury manostat 
(v) and pump relay (r). Stopcock (It) provides an opening to the 
atmosphere when necessary. 

http:drawi.ng
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Both barometric 7 and short U-tube type manometers are used in 
order to provide full range of pressure up to atmospheric, and are 
distributed in the various parts of the apparatus as shown so that 
pressure in all parts of the assembly, including the distillation system, 
the jacket system shown in B, and their respective control units 
(low- and high-pressure parts), and the distillate reservoir (4) may be 
observed at any time. 

Three-way stopcock (8) normally provides communication between 
the pumping system and the low-pressure flask (k), the pressure of 
which is indicated on manometer (p). 

The two distillate-receiving reservoirs (4) and (6), figure 1, B, are in 
communication with the pressure-control unit at points shown, and 
are joined to each other by the three-way stopcock (5) to facilitate tak
ing a fraction and reestablishing column pressure in (4) afterwards. 
The arrangement has been so simplified that, after taking a fraction of 
distillate from (4) and locking the stopcocks (5) and (8), reevacuatioll 
of (4) is accomplished with the manipulation of but two stopcocks, 
(s) of the control unit and (5) of the distilln,te reserYoirs. TIllS is done 
as follows: Tlnee-way stopcock (8) is opened to r~servoir (4). The 
pump thus automatically started by the mercury mUllostat (v) and 
relay (r) exhausts the reservoir (4) and when the proper pressure 
(equal to distillation pressure) hns been reached, as indicn,ted by the 
manometers tt or t2, stopcock (s) is turned back to its original position, 
that is, open to low-pressure flask (Ie), and stopcock (5) is opened to 
(6), bringing it back into communication with the column distillation 
system. No other manipulations are necessary, as aU other operations 
are taken care of automatically. 

Simultan'cous operation of several stills, each at a different pressure, 
requires additional valve and manostlLt arrangements similar to that 
described for maintaining the still and jacket at their respective 
pressures. 

DISTILLATION APPARATUS PROPER 

The distillntion assembly proper, comprising the column, the con
denser, and the independent vapor jn.cket with its condenser, nfe shown 
in figure 1, B. 

For the distillation of large batches, the column proper used wus of 
the gauze-plate type (32-plate) previously described (20). From 
1,000 to 1,200 g constituted a single charge, and all but the last 50 to 
100 g were fractionated in the large appn.ratus. For small quantities, 
several types of semimicro columns were used, depending upon the 
quantity and charncter of the materinl avnilable. One of these, a 
semimicro gauze-plate type (15-mm column-tube diameter and 20 
plates), has been described (21). 

Columns made entirely of glass, both of large si7.e and of micro 
type, were also used in the latter part of the work. These consisted of 
the following: 

(1) A packed column (fig. 1, B) filled with single glass spirals of the 
Wilson-Parker-Laughlin type (45). 

(2) A semimicro type WIth the samekind of packing (fig. 2), similar 
to the small column described by Tongberg, Quiggle, and Fenske (40), 
but modified to provide controlled jacket temperature independently 
of the fractionating liquid. 

1 With correction for variation In atmospheric pressure. 
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The problem of effectively insulating the column so as to confine all 
condensation at the top is one that has given considerable difficulty, 

and a number of devices have been 
described in the literature, including 
the well-known type using mngnesia
asbestos covering, the vacuum jacket 
(7, 32), the vapor jacket using vapor 
from the still pot (40, 44), and the type. 
involving the heated air jacket ($,30). 

In this latter type, heat compensation 
is generally provided by it series of indepen
dent resistance-wire windings on segments 
of the jl1cket, ef-,'!hrhcostat-controlled. A 
set of thermometers distributed in various 
purts of the jucket is used for observing the 
temperature gradient. 

With this type of heat-Compensating 
@ 	 insulution, difficulty was experienced in 

coordinu,ting the four or five separate 
heating units so that the temperatures at 
the top and bottom of the jacket reasonably 
matched, respectively, the top and bottom 
of the column. Tlus difficulty was not so 
obvious at first, but was shown e:\-peri
mentally with products with previously 
determined distillation propertIes in the 
following manner: 

On making a suitable setting of the 
l'heostu,ts before beginning distillation, 
and seeing that the jacket temperatures 
nfter l'eaclring equilibrium npproximately 
equaled the previously determined top 
and bottom tempemtures, respectively, of 
the column, it was found that when actual 
distillation was in progress the jacket 
temperatures invariably rose considerably 
above the column temperatures, and the 
rheostats 11fld to be readjusted in order 
to provide less jacket heat. After each 
readjust;ment, moreover, an appreciable 
period of time was required to reestablish 
equilibrium. Thus it became obviolls 
that heat was being transnritted from 
the column to the jncket, and that con
densation of vapors must have taken 
place within the column before they 

FIGURE 2.-Serulmlcro fractionation reached the top, an effect generally 
column. recognized as highly undesirable for 

efficient rectification. Ultimate temperature of any part of the 
jacket thus represented 	the net result of severnl factors: the heat 
input of the jacket, the rate of heat loss by radiation, and the heat 
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transmitted to the jacket from the column by the column proper. 
These factors are not easily coordinated. 

In the type where the vapor from the still pot containing the liquid 
to be fractionated is used to heat the jacket, as in the Widmer (44) 
and the Tongberg columns (40), a near approach to an automatic mmms 
for matchin~ the temperature is provided. For a column of any length, 
however, it mvolves a serious hold-up of the liquid being fractionntecl, 
thus detracting in a large measure from the rectifying efficiency. 
Where un appreciable difference in vapor temperatures at top and 
bottom of the column e::-.ists, it also lacks provision for a proper 

graTdhient.e vapor Jac cat lore . lId 'bed'lizes a b01'1'mg l'lqUlC. I'mc1epeneIentescrt .uti 
of the one being fractionated and provides a relatively simple means 
for temperature control by controlling the pressure in the jacket. 

As shown in Figul'O 1, B, the jacket (2) is sealed to the column. The 
annular space between the jacket and the column is about 4 mm. 
The jacket is pro'vided with a reflux condenser (3). Thermometers in 
the thermometer wells (9), which contain mercury, permit observation 
of the jacket tempemture. Flask (11) contains the boiling liquid for 
the jacket and serves as the independent still. Heat for this distillation 
and for compensation against excessive heat loss in the upper part of 
the jacket is furnished by an electric heater find nichrome resistance 
winding, rheostat controlled. The delivery tube from flask (11) is 
joined at a point sufficiently above the lowest part of the jacket to 
permit the use of a secondary "boiler" (19) and thus maintain the 
lower part of the column at the temperature of the boiling jacket 
liquid. Thus, by using a nll.xture of liquids with sufficient differences 
in boiling points! benzene and :xylene, for exnmple, it is not only 
possible to establIsh a temperature matching the dlstillr tion tCl1Ipem
ture at the top of the column, but nt the same time to provide a lag 
between the top and the bottom. 

Means for reflux control, reservoirs for receiving distillu,te, and form 
of trapping device were uniform except for differences in size for the 
various columns 11sed. 

In this connection the simple trap tube (i) cooled with solid Cfl,rbon 
dioxide wns found very serviceable.s The importance of having not 
only It ti~ht system but efficient trapping, in pressure-controlled 
fractionatlOn, can hardly be overemphasized, particularly when the 
intermittent-pumping type of control is used. 

From an analytical standpoint this reflux form of trap tube has the 
additional advantage, pointed out by Podbielniak (33), that the more 
volatile vapors thus condensed are returned continuously to the 
fractions in the order of progress of the distillation rather than at the 
end of the operation. 

TIllS tube, jacketed with an ordinary cylindrical shipping carton 
and insulated with several layers of corrugated paper, has served 
very well with powdered solid carbon dioxide as the refrigerant, An 
additional glass jacket sealed to the lower part of the tube, and the 
whole in turn insulated as described, has also been used where liquid 
refrigerant contact was desired. 

I A similar trap tube, but one In wblch tho "Ught volatile" distillate was held back Bnd not blended with 
the fractions, was used In the early pnrt of the work. Fraction A of table 1 was obtained In tbls manner. 
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The still pot (13) constructed in Claisen form has the advantage 
of a two-point rigid support (14) and (15), particularly desirable 
where a long, heavy column is involved. 

The serued-in thermometer well (16) insures easy thermometer 
readings, free from distortions by fog, and the capillary tube (17) 
serves for charging, for Withdrawal of residue, and for introducing 
inert gas as an antibumping mechanism. Stopcock and. capillary 
(18) serve for dram.r.~,e of the jacket liquid. 

AUXILIAIW PRESSURE-CONTROL UNIT 

Pressure, and therefore temperature, in the vapor jacket of the 
column is regulated by means of the auxiliary pressure-control unit 
(fig. 1, 0). The latter is similar to that of the large control unit 
figure 1, A, but simpler, and consists of a capillary valve-magnet 
mechanism set in the large test tube (20), and n. mercury manostat 
(21). . 

The magnet operating the vruve receives the current from the 
1l0-volt circuit in series with a 7X-watt lamp (22) which provides the 
necessary resistance. The mercury manostat (21) acts as both 
manostat and switch, thus obviating the need for a relay. Pressure
control precision of the high order of the sulphuric acid manostat is 
not necessary. Stopcock (23) serves as a bypass. Capillary stopcock 
(24) provides communication of the jacket system with the atmosphere 
when necessary. 

Any stable liquid with a boiling point conveniently higher than 
that of the liquid fractionated may be used in the jacket. 

As the distillation proceeds nnd higher jacket temperatures are 
necessary, the boiling temperature of the jacket liquid is raised by 
readjustmg the jacket pressure. This is done by letting in air through 
the stopcock (24). Temperature changes are prompt and definite. 

I'RECISlON OIL GAGE 

The ordinary U-tube type mercury manometer, the most commonly 
used laboratory pressure gage, is relatively coarse and insensitive. 
With the advance, in recent years, in pressure-control technique for 
low-pressure fractional distillations and other vacuum prllCtice, there 
is a real need for pressure gages capable of measuring gas pressures 
with a high degree of precision, particularly in the range below 40 mm. 
With the exception of the Hickman gage '(14), which requires the use 
of a hi~h-vacuum diffusion pump for its use, no gages of sufficient 
sensitiVity and precision for this pressure range are available. Gages 
of the McLeod type are servicen.ble for a very limited range only. 

On the sensitive oil gage shown, a pressure difference of 1 mm is 
equivalent to less than one-fifteenth of a millimeter of mercury, and 
thus variations of one-thirtieth of a millimeter of mercury (one-half 
millimeter on the scale) may be readily observed. The gage is essen
tially a double U-tube manometer utilizinl; both oil fIna mercury, but 
the latter serves only as It btteking mednnn to render possible the 
production of It TorriceIlinn vacuum for the reference side of the oil 
gage. Complete detailed description of the construction and operation 
of this gage has been given (22). 
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EXPERIMENTAL DATA 

SYSTEMATIC FRACTIONAL DISTILLATION 

Factory-sealed containers of steam-distilled wood turpentine were 
purchased from the stock of a dealer. This was done, rather than by 
obtaining it directly from the manufacturer, in order to make certain 
that the sample was representative of the commercial product actually 
on the market. Records of shipment were examined to insure authen
ticity of origin and reasolluble freshness of the sample. 

Th9 original turpentine had the following properties when tested in 
accordance with the methods of the American Society for Testing 
Materillls: Refractive index, n~K, 1.4668 i rotation, a 2go, + 22.2 i 

density, ~~:~:, 0.859 i distilling below 170° 0., 92 percent. 
In order to handle the 15 kg of turpentine necessary for the dl!ter

minations contemplated, the materiul was divided into 12 batches of 
about 1,200 g each, and these were fractionated in column stills, 
yielding six fmctions !1I:d a residue from each batch. The corrtl
sponding fractions were then combined, making seven composite 
fractions designated A, B, 0, D, E, Ii', and G, respectively. Distilla
tion data and properties of the respective composite fructions are given 
in table 1. 

This series of composite fructions, designated series 1, was then 
sy<t~ema'dcally refructionated several times, yielding ultimately the 
new series of fructions 1 to 73, inclusive, dl'signated series 2, which 
are shown in table 2. Since the hulk of the fractionated ma.terial 
con~isted of a-pinene, further fractionn.ting was confined to two 
portions, the forerun (heads), 01' lower boiling portion, represen~ing 
about 0.68 percenti and the higher boiling portion, representing the 
last 17.6 percent, which consisted largely of mono cyclic terpenes. 
Data on these two series of fractions are given in tnbles 3 and 4, 
respectively, and designated fmctions H-l to H-12 (series 3) and 
fractions 1'-1 to T-54 (series 4), respectively. One refructionation 
of a middle portion representing a-pinene was made for the purpose 
of speeinl purification only (table 5). 

TABLE l.-Phy.~iC!ll dala on the 7 composite fractions of tho turpentine 

---------------r--------~----------_.----._----._----._---

HIILlo of 
Herrnc each SUIII orComposite rmctlons Dlsillintioll telll OpUcnltlve )).on- "'el"lll rrnctiun rmc(series 1) Jlerature fit ~o IIIIl1 rotnUou Slty " .Index 	 t.o tho tlons 

whole 

-------1------1-------------- 
':SO 10° 

n /)° O. 	 F Grama Percnli Perc"llA (Ilghtvolfltllel _________ Delow 00.0 _______ _D________________________ W.O_- ________.__ __ 1 • .f:lRO fH 0.·1:1 0.4:1 
C __________________._.._. r.o.r...______ _______ _ 1.4582 -0:Sr.i-iJ- 570 3.83 4.26 
D __ ._____________________ 51.0. ____________._ 1.462:1 .8500 1.085 1:1.32 17.58 
E _____ •_____ • ____ •___ ____ [,1.0__• __ .. _______ • 1. 4030 .81111 4,D5i :Ill. 08 57.1iI1 

1.4630 .8611 3,142 21.00 78.051<' ______________ ••• ____.. ', 60.0. _____ •____•• _. 1.4008 ~ 852,~ 1.21ilJ 8. i2 87.37o (resldue) ____ ....... ,.__ Above 00.0__ ... _" 1. 4003 .85(,\ 1,882 12.03 10tl.OO 


-------------~--------~~---~----~-~----~----~----
1 Practically Innctlve. 

14288°-38--2 
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TABLE 2.-Systematic refracU07lation of comp08ite fractions of table 1, and prop
erties of new fractions obtained 

Ratto oC 

Fraction no. (serlcs 2) Disttllation temperaturo 
at 20 mm 

Refrac· 
tlvo 

Index 
Optlcnl
rotation 

Den' 
slty 

each 
fraction 
to the 

Sumor 
fractions 

whole 

--------1---------1----------_.-- 
,.0 15°'I12JO ttlJ° C. 40' Percent Percent 

I.......................... I. JO·18.................... . 1.4258 ............ --_ .. ._---- ...... 0.048 0.048

2.......................... 122........................ 1. 4255 ..... - ....... _....... .. __ ............ .002 .11 

3.......................... 128...................... .. 1.4145 --_ .. _.... - .11 .22 

4.......................... 142....................... . 1. 4278 ''''+r:5' .18 .40 

5........................, 1 40....................... . 1.4&19 +16.6 .27 .68
0.......................... 50.5...................... . 1. 46·.~ +23.6 'ii:8500' .37 1.04 

7.......................... 50.5....................... 1. 4':.!1 +25.5 .8017 .36 1.40 

8..... _.... _4t .............. ,. ....... __ ............ 00.0.... _....................... __ ............. ;. 1,1025 25 7 .8624 .73 2.13

9........ .................. W.o............. ......... . . •862R .61 2.74
1
1.1630 26.1 
10......................... 60.5....................... 1.4630 26.4 .862R .63 3.37 

II......................... W.li....................... 1.4632 +26.4 .8626 .07 4.04 

12......................... 60.3....................... 1.4619 .8001 1. 73 5.77
13......................... 50.3....................... 1.4627 "'+25:8' .8017 1.60 7.46 

14.......................... 50.5....................... 1.4628 +25.0 .8617 1.71 9.17 

15......................... SO.5..................... .. 1.4620 +26.0 .8622 1. 60 10.87 

16......................... 50.5...................... . 1. 4630 26.1 .8622 1.74 12.61 

17......................... 50.0....................... 1.4631 +26.2 .8624 1.70 14.31 

18......................... 00.0....................... 1.4633 +26.2 .8626 1.22 15.54 

19......................... 50.0....................... 1. 4631 +25.7 .8622 3.71 19.24 

20......................... 50.2....................... 1.-1631 t25 0 .8022 10.00 30.20 
.21......................... 50.2....................... 1.4C3-l 25.9 .8632 6.21 36.41

22......................... 1i0.2...................... . 1.4633 +25.0 • B031 5.56 41. 97

23......................... 00.2....................... 1.01634 +25.8 .8631 4.00 46.57 

24............. ............ 50.2....................... 1. 4037 +25.6 .8635 5.23 51.81 

2.~......................... 60.5....................... 1.4638 .8038 2.74 54.54 

26..... .................... 51.0....................... I. 4o.~1 .49 55.03 

27......................... 60.5....................... I. 4031 "'+26~j' · 8620 2.86 57.89

28.............____ ...................... ~ ..... " 50.1i...... ______ .................... _........ 1.4632 +25.9 2.23 60.12 


• 8637 

• 8627 
29........................ 50.8...................... 1.4633 +25.0 · SC25 3.47 63.59 

30............. ............ 50.8....................... I. 4633 +25.7 .8630 2.08 65. C7 

31......................... 50.8....................... I. 4o.~4 +25.4 .8620 2.42 68.08 

32......................... 51.0....................... 1.4634 +25.2 .8627 3.40 iI.57 

33......................... liI.5....................... 1. 4040 +25.2 .8631 2.26 73.83 

34.............. .......... 51.4....................... 1.4040 +25.5 .8638 1.82 75.65 

35......................... 51.5....................... 1. 4040 +25.6 .86.18 2.6.1 78.28 

36...................._•..• _ fi1.5....................... 1.4040 +24.5 .8040 1. 12 70.41 

37......................... 51.6..................... .. 1.4040 +23.9 .8041 .78 86.18 

38......................... 52.6....................... I. 4042 +24.0 .8639 1.13 81.31 

39................... " •••• 52.0...................... . 1.4043 +24.0 .8630 1.09 82.40 

40'....................... 53.3....................... 1.4047 +21.4 .8637 1.34 83.74 

41......................... li3.5....................... 1.4650 +21.1 .8'\5a .35 84.00 

42......................... [,·1.0 ...................... . 1.4052 +18.8 .8(,,1 .12 84.21 

43......................... 54.1 ...................... . 1.4053 +17.7 .8047 .12 84.33 

44......................... 05.0....................... 1.4654 +10.2 .8633 .20 8t-63 

45........................ 1i5.D....................... 1.4654 +12.5 .8633 ,18 B-1. 78 

46......................... fiO.8...................... . 1.4653 +0.4 .8613 .10 84.07 

47......................... 57.8...................... . 1.4045 +5.7 .8589 .15 85.12 

48................. ....... liO.O....................... 1.4040 +2.4 .8544 .21 85.33 

40................... ..... 59.0...................... . 1.4608 +9.5 .8515 .40 85.82 

50......................... 61.0...................... . 1.4607 +4.2 .8389 .38 86.20 

51......................... 61.3....................... 1.4593 +10.0 .8515 .37 80.57 

52......................... 61.5...................... . 1.4558 +5.2 .8401 .30 86.06 

53......................... 02.0....................... I. 4527 +.5 .8291 .61 87.58 

501......................... 63.6..................... .. 1.4525 +1.2 .8209 .45 88.03

55......................... 00.0...................... . 1. 4525 +1.4 .82-14 .61 88.64 

00......................... 00.3..................... .. 1. 45i3 +3.3 .8301 .01 89.55 

57......................... 07.2....................... 1.4579 5 .8307 1.17 90.72
t3.58......................... 68.0....................... 1.-1582 . 3.0 .8307 .78 91.50 

50......................... GO.O...................... . 1. 4618 +5.0 .8360 .30 91.80 

60......................... pO.3 ....................... 1.4041 +6.1 .8367 .8.1 92. 72 

61... .......... ............ 00.5....................... 1.4&12 +6.2 .839a .91 93.63 

62......................... 70.0..................... .. 1.4045 +6.2 .8396 .94 9-1.57 

63......................... 71.0...................... 1.4702 +8.5 .8472 .93 05.50 

04......................... 72.0....................... 1.4720 +9.8 .8566 1.30 00.89 

65......................... 73.0....................... 1.4740 .8550 .31 07.20
to. 4 
66......................... 70.0....................... 1.4773 0.5 .80·10 .45 97.65 

67......................... 80.0....................... 1.4823 +3.3 .8653 .20 07.04 


1 These are approximate vnlues cnlcuhted Cor 20 mm Cram actual distillation temperatures as Collows: 
1,34.5°-42.5°/70 mm: 2, 35°~300/50 mm: 3, 30°-47.5°{50 mm; 4, 40.2°-53.5°/35 mm: 5. 53.5°~.5°/35 mm. 

2 At this point the romalnder of the series was d vldcd Into 2 eqllal parts and reCractionation continued 
using one·balf oC tbe total. Weights were multiplied by 2 from tbls point on. 
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TABLE 2.-Systematic refractionation of composite fractions of table 1, and prop

erties of new fractions obtained-Continued 

Rntlo o( 
Rc(mc· enchDlstillntlon tcmperaturo Optical Dcn· Sum o(Fraction no. (series 2) 	 (,1\'0 (mctionnt 20mm rotntion slty (ractionsInuc.t 	 to tho 

wholo 

,,0 ,,0 15° 
Uu 

08 3...................... . 80.5••••••••• _._•• __• _,. __ • 1. 4845 +1.7 0.8825 0.80 98.74 
00 ' ..........._........__• 00.0/:1 nun ......_•••••••••• 1.48[1·1 -3.1 .12 08.80 
70••••__•• _............ ,,_ •• 8:1,0/7,5 mm............. .. 1.4802 -.7 .45 09.31 
71..................___ •••• 80,0/8 mm............_•••• 1.4800 +4.2 .18 90.40 

:1=14.2 

o C. nu To" Percent Percern 

72...................... , •• 0:1.0/7.7 nun............... 1. 4872 .37 00.811 

73_................_•• __ " 103.0/7.7 mm.............. 1.4874 20.3 .14 100.00 


a Gnve crystnls (ound to be sobrerol. 
j Dlstillntlon tomperutures (or (racUons 09 to 7:l cnlculnted (roughly) to 20 mm (or plottings o( distribution 

grnphs. 
I A bovo 93,0°/7.7 mm. 

TABLE 3.-Refractionation of Hlight volatile" fractions 1 to (J of table 2 

Dlstll· 	 Distil· 
Intlon 	 Intlon 
tom· Rntio 	 tcm' Rntlo 
pora· Ro(mc· o(ench Sumo( poru· Re(mc· arench SumotFrnctlon no, 	 Fraction no. turo nt 1.1\'0 tmetlon (rnc, turo nt, (.ive (rnctlon (rnc·(series 3) 	 (serlos 3)ntmos· Index to tho tions nlmos· Indox to tho tlons 

phorlc whole 	 p!:ol'lc whole 
pros· 	 pres' 
~uro 	 suro 

-
,,0 	 2!0nj) 	 nlJ°C, Percent Percrnt °c, Percent Percen t 

JI-I __ '" '"'''' 100-111 1. 42,13 4,45 4,45 rr·s.•....•...• >. laa 1,4100 6.2 54,31 
1I-2.......> ••••• 115 1.4200 9,7 B,15 ll·U... __ •••••••• 140 1. 4aOl 5.60 1i11,97 
II-3 __ ••••• 120 1.4177 8,1 22.25 H-IO•••••••••••• WI 1,.4-130 8.09 68, 00 
JI..1.......... ::: 122 1,411i3 7.4 20.05 11-11 •••••••••••• 151 1.,1515 7,S 75.8o 
Tl-li ••••••••••••• 125 1. 41:11 3.5 33.15 11-12............ 1M 1,-U.i77 7.55 83.41
H-n............. 120 1.01172 0.16 42.31 Hcslllllo•••••••__ I 154 J..1027 16.58 99.9U 
n'-7............. 131 1. ,1130 5.8 48.11 

I Above 154°, 

TABLE 4.-i3ystcmatic rcfractionation of fractions 40 to 57 of table 21. 

RatlootDlstllla'Frnction no. 	 Ro!rnctlve Optlcnl ench (rnc· Sumo!tlon tom· 	 Denslt~·(serlos 4) 	 Inllcx rotation tlon to tho (mctlonspornturo' whole 

-
7lJt 20° 15° 

°C. UIJ 40 Percent Percent 
T-l......."""" ...... ___ ••••••, 52.5 1.4542 0.80H 9.98 9.98!24.36
T-2••••••••"'" ••••••••••••••••,. 52.5 1.4646 23.53 .S650 ,1.73 14.71 
T-3....._••••••• _"" •••••••••••_. 52. [) 1.4048 22.52 .8652 6.48 21.1o 
T-4............................... 62.8 1.4051 +22.25 ,8&10 2.80 23.85 
T-5............ __ •• _...,. __ ..... " 5:1.3 1.4654 +21.55 .81150 1.10 24.95 
T-tl...................._........,. J3,6 1.465·1 +20.15 .8&19 2,01 26.0o 
T-7. __ •• _••••••••••••• , •••••_•••• , 53.0 I. ·1655 +10.01 .8051 1.68 28. tl4 
T-8................, •••_••••••_.,. 53.4 1. 4654 +20.05 .8&19 1,88 30.52 
T-9.................. __ ••••••••••• 53.6 1,4657 +10.77 .8649 1. 36 31.88 
'1'-10.................._........... 54.1 1. ·1660 +18.21 .91 32.79 
T-II••••••••••••••••••, •••• __ ..... 54.6 \. 46&1 +16.20 ····:8007" 1.23 3·1.02 
T-12•• _._ ••••••_.................. 55.8 1.4660 ,1-13,42 .,,_............- .... .78 34. 80
'r-la .•• __.•_._....""" __ " _ ••••• 56,5 1.4673 :1=9,51 -- .. "' .... ,. ...... • 52 35,32 
T-14 •••••• _••••• _................. 57.6 1.4670 5,68 ................... - .. .72 30.04 
T-15••••••• _......... '" ••••••••••• liB.•~ 1,4668 +1.33 ....... ..---- 1.10 37.14 
T-16••••_......................... 59.5 1.4664 -2.02 

-~ 

• i8 37.92 
00.4 1.4652 -5,37 "":8540' 1,10 39.02T.,17........_••____•••• __ • ''''''_'/
T-18••_••_•••••••_•••__•••••••,." 60,7 1. ,1031 -7.97 .- ......... "" ..... .46 39,48 

T-IO••• __'.'.'.'_., •••'" _••••_••_ 60.6 1.,1017 -4.60 .01 40,39 
T-2O....__ ••.•• ,.,._"."." ......, 61.2 1.4584 -4.17 -"':84iS" 1.30 41.75 
T-21•••• __••• _................... 61.S 1,1552 -4.77 .8:147 1. \6 42.91 

I Represents the Inst 1.7.60 percent,
• Fractions T-l to T-J3, Inclusive, were dotermlned at 20 nun. Fractions T-31 to T-53, Inclusive, were 

determined at10 = (va:ues given In table). but tor purposes ot plotting distribution graphs, were calculated 
roughly to 20 IIIm. 
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TABLE 4.-Systematic refractionation of fraction8 40 to 57 of table 2-Continued 

'>nUo orDlstllla· Refractive OpticalFraction no. tlon tern· Index rotation Density t~~~~~~~ f~~fio~sperature whole 

15°111~O ". 
°C. aD 4" Percent PercentT-22._._.____ ••••_••_.____________ 6~. 2 1.4520 -:l.97 0.8282 1.16 44.07

T-23______________________________ 02.8 -2.781.4482 .8198 1.29 45.36
T-24._____________________________ 63.2 1.4443 -1. 20 .8127 1.04 40.40T-25._____ . ____________ .__________ 63.8 1. 'l,n9 -.17 .91T-26_____________________________ . ____________ 47.31 

1. 4424 +.59 .39 47.70T-27_________••_________ .......__________• ___ _ 
 1.4423 +3.11 .52 48.22
T-28______________________________ 05.0 1.4402 +.11 .8201 3.09 51.91T-20.. __ •____________ ••• _______•• _ 65.0 1. 4,500 +1.11 .8209 3.03 55.54 
T-31.__________ .._________ ._______ 57.0 
T-30_________________________.____ 66.0 

1.4521 +2.14 .8231 2.53 58.07 
1.4541 +2.70 .8252 1. 55 59.62T-32____•____________ .. __ • __ -.____ 08.0 

T-33_. ______________ ...___________ 68.7 1.4.509 +3.89 .8299 2.20 61.82 
1. 4023 +5.60 .8358 2.85 64.67T-34....... _________ ..________ .___ M.8 
 1.4669 .8424 1.49 66.16=r· 03 

T-35_.____________________________ 56.0 1.4005 5.83 .8431 3.76 69.92T-3a______ ._. __ ••____ ...._._______ 56.4 1.4707 +6.03 .8481 1.23 71.15T-37_. __ ... _______ ..._. _____ ._____ 57.0 1. 4724 +0.41 .8506 :l.76 74.91
T-38_______ ............_•• ____._.. 57.2 
 1.4732 +8.81 .8506 2.79 77. 70T-30________ • __ ..___ ._____________ 57.4 1. 4732 +9.04 .8511 2.27 79.97T-40_______ •• __________ ••_________ 57.8 
T-4I._____ •___ • ___ ._______________ 58.3 1. 4734 +9.20 .8514 3.24 83.21 

1.4739 +9.25 .8520 3.43 86.64T-42_____ • __ •_________________ .___ 59.7 
T-43_.._________ , _____ .___________ 61. 0 ~. 4747 +8.97 .8546 2.23 88.97 
T-44 _________________ ._ ..___ ._____ 03.0 1. 4755 +8.4 .8.1f16 1.03 90.00 

1.4779 +6.4 .8625 1.36 91.36
T-I5______________________________ 65.0 1.4S03 .8681+4.5 1.03 92.39
T-IfI______________________________ 66.0 1.4820 +2.6 .78 93.17T-47_________ ______________________ 67.0 1.4843 +1.8 .98 94.15 

1.4842 1.03 95.18
T-48.. ________________ •___ ._______ 07.6 ----~88ii-

=1=1.0T-49__________________________ ____ 74.0 1.4850 - 1. 7 .9252 1.03 96.21 
1.4819 +0.9 .9634 .52 96.73

T-50______________________________ SO. 0 
T-51 _________________________ ••___ , 82.0 1.4793 -.2 .9081 .52 97.24T-52_________ ._•• ___ •____________ • 82.5 1.4784 -1.0 .9838 .59 97.84T-53 (resldue) ..____ •________ ..____ 382.5 1.4924 +21.1 2.14 99.98 

TABLE 5.-Refractionation of a-pinene fraction 1 

Distillation Rerrne-
DfoporSubrraction IlO. tempera- lil'e Density Optical rotation sian~~rJ~~~ index 

o,,0 15° 20° • 
an". a2JD 42; / o.'JL _______________________ . ____ °C. nD '4" a" 

2_____________________________ 50.2 1.4627 0.8616 +25.32 +20.57 +29.97 1.128 
50.2 1. 4631 .8626 +26.00 +27. :n 1.12953______________ •___________ • __ =1=30.84 

4_____________• _______________ 50.5 1. 4631 .8627 +20.01 +27.32 30.86 1.1296 
5___________________ •____ •____ 50.5 1.4631 .8627 +20.05 +27.33 +30.86 1. 1292 
6_______________..____________ 50.6 1.4631 .8628 +2tl.14 +27.47 +31.01 1.1288 
7 50.7 1.4633 .8629 +20.08 +27.41 +30.94 1.1287 

50.7 1. 4633 .8629 +26.08 +27.41 +30.93 1.1282 

1 lo'ractiun no. 20, table 2. 

In order to visualize the progressive improvement in separation 
and the distribution over given temperature ranges of the fractions 
obtoined from these several fractionations, distribution curves are 
shown in figures 3, 4, 5, and 6 and rotation curves in figures 7 and 8. 
The relative complexity of the small quantity of forerun (series 3), 
and particularly that of the higher boiling portion (series 4), may be 
visualized from the respective distribution curves in figures 5 and 6, 
and also the refractive index curve (fig. 9) and rotation curve (fig. 10), 
plotted from data in tables 3 and 4, respectively. 
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The great hulk of the turpentine dil;ltillate, boiling around 500 -51 0 C. 
at 20 rom prel;ll;lure, is a-pinene. "While no difficulty was experienced 
in establishing the presence of ,a-pinene by chemical means in the 
appropriate fractions, it was present in too small a quantity in the 
original turpentine to appear in pure form in anyone of the fractions. 
No attempt was made to calculate by optical means, by the method 
of Darmois-Dupont (9), the relative proportion of a- and ,a-pinene in 
the various fractions, as was done in the case of gum spirits (20), 
since the influence of the presence of several monocyclie hydrocarbons 
in the fractions involving ,a-pinene would render such euleultttions 
inaccurate. For similar reasons, no applieation of the Riot rule was 
made to calculate individual components, such as limoll('ne, terpinene, 
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FIGUUE 3.-Distribution (percent by weif(bt), w.ith respect to hoiling range nt 20 (lIlll, of 1.~" first series of 
fractionations (composite) obtnine<l by ono fractionation of whole turpentine. 

terpinolene, the several alcohols, etc., of the subsequent or high-boiling 
fractions. 

The total quantity of higher-boiling residue was insufficient, the 
number of constituents too large, and their boiling points too close 
together to permit a physical separation of individual compounds in 
pure form, even by repeated fractionativns, as is evident from the 
data on rotation, .index of refraction, and density shown in table 4, 
and theplottings shown in figure 10. 

Data on optical rotation were obtained with a Schmidt and Hansch 
polarimeter equipped with a monochromator. Rotation measure
ments were made ill the green. (11=546 mil) and yellow (J=578 mil), 
in addition to the yellow (D=589 mil), whero rotatory dispersion data 
were desired. Rotatory dispersion values have been shown by Darmois 
(9) to be particularly significant in characterizing and establishing 
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the :purity of a-pinene. Such rOiatory dispersion data for fractions 
obtamed by further fractionation of the a-pinene fractions are sho\'m. 
in table 5 together with other data., These data show that a-pinene 
of highe"t purity had been obtained in the previous fractionation 
(table 2). 

Refractive mdices were obtained in the usual manner with an Abbe 
refractometer. Specific gravity determinations were made with the 
Westphal balance and in some instances with pycnometol"s, values 
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bein&, subsequently converted to density. In some instnnces the use 
of nucro-pycnometers was necessary, in view of the Yery small quan
tities of fractions available. Micro boilin&" points ,,'ere obtnined in a 
number of instances as indicated, for fmctIOns avnilnblc in yery small 
quantities. 

Quantitative determinations of alcoholic and phenolic hydroxyl (18, 
47) and mcthoxyl (5) in connection with methyl ethers were also 
made on a number of fractions. 'fhese are described under Chemical 
Examination of Fractions. . 
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CHEMICAL EXAMINATION OF FRACTIONS 

ALDEHYDES 

In view of the oily character (water insoluble) of the fractions in
volved, the test for aldehydes, using Schiff's reagent, was carried out 
as follows: 2 cc of aldehyde-free alcohol prepared by the method of 
Stout and Schutte (37) was added to about one-half cc of the fraction 
in a test tube, one or two drops of fuchsin reagent was added, and the 
tube was shaken. A parallel or blank test was made on the aldehyde
free alcohol, aud the development of color noted in the two tubes. 

Positive reactions for aldehydes were given by fractions 1 and 2, and 
doubtful reactions by fractions 3, 4, 5, and 6 (table 2). Positive 
reactions were also given by fractions T-4, T-6, T-7, T-8, T-IO, T-12, 
T-16, T-18, T-20, T-22, T-24, T-26, T-49, T-50, T-51, and T-53 
(table 4). 

PHENOLS 

Qualitative tests for phenols with diazo-p-nitrobenzene, known to 
be a sensitive test agent for phenols (25), gave pronounced dye .reac
tions with fractions T-52 and T-53 (table 4). 

FURFURAL 

In the first fraction (tables 1 and 2) of low boiling distillate, there 
was present a lower aqueous layer of brownish color (about 1 cc) which, 
after removal from the upper layer of hydrocarbons, gave a positive 
reaction for aldehydes and a strong qualita.tive reaction for furfural 
with aniline acetate paper.9 Tlus brownish liquid was steam distilled, 
the distillate was extracted with ether, the extract was dried over 
anhydrous sodium sulphate, and the solvent was evaporated in 
vacuum. Two or three drops of alight-colored oily residue remained. 
This formed a phenyl hydrazone wluch, after two crystallizations 
from dilute alcohol, had a melting point of 95° C. 

BENZALDEHYDE 

The low-boiling hydrocarbon fractions 1, 2, and 3 (table 2) were 
extracted several times with saturated sodium bisulphite solution, the 
bisulphite solution was treated with sodium carbonate and extracted 
with ether, and the ether solution was dried over anhydrous sodium 
sulphate. A few drops of residue obtained on evaporation of the ether 
had a strong almond odor. A semicarbazide was obtained having a 
melting point of 212°-213° C., the semicarbazide of authentic benzalde
hyde having a melting point of 214°. The presence of benzaldehyde 
in steam-distilled wood turpentine had been noted in this laboratory 
some years ago. lO 

PETROLEUM HYDROCARBON8 

Properties of the low-boiling fractions pointed to petroleum hydro
carbons. Fractions 1-5 (ta,bIe 2) were therefore subjected to further 
refractionating, giving series 3, whose properties are shown in table 3. 
The first few fractions of the new series were treated with sulphuric 

• The presence of furfural in stenrn-distilled wood turpentine hlld bcen noted by C. F. Speh of this Division 
in nn unpublished report dnted 1914. 

10 Bee footnote 6, p. 2. 
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acid to free them from accompanying a-pinene and other unsaturates, 
as follows: The fractions were shaken in the cold three times with 
fuming sulphuric acid and twice with concentrated sulphuric acid, 
washed with water, then with dilute sodium hydroxide, again washed 
with water, steam distilled, and separated from the water layer. 
These fractions, which were now very small, had the properties, deter
mined by micromethods, shown in table 6. The last two fractions, 
R-2 and H-3 (treated), after recombining and drying over calcium 
chloride, were redistilled, distilla.tion temperature ranging from 112° 
to 117° C., and constants were determined as follows: Density, 20°/4°, 
0.733; refractive index n2g", 1.4097. The odor seemed to be similar 
to petroleum oil. 

These low-boiling .fractions were evidently nID.i.ures of paraffin 
hydrocarbons with properties in. the neighborhood of methyllieptane 
and. octane, but the quantities available were far too small to permit 
even an approximate separation of individual compounds.ll Dimeth
ylcyclopentenes were isolated by Chavannes (4) from French gum 
spirits, but the properties exhibited by these fractions were quite 
different from those described here. 

ALPHA-PINENE 

This hydrocarbon, found in fractions 7 to 35 (table 2), constitutes by 
far the major portion of wood turpentine, roughly 80 percent, and no 
difficulty was experienced in isolating it in a pure state, as evidenced 
by its physical properties (table 5), particularly by its rotatory 
dIspersion (9). 

CAMPHENE 

The camphene III fraction '1'-12 (table 4) was hydrated by the 
method of Bertram and Walbaum (1). The resulting isoborneol, 
after three crystallizations from petroleum ether, had a melting point 
of 208°-209° C., the mixed melting point with authentic isoborneol 
showing no depression. 

TABLE 6.-Properties of fractions treated with sulphuric acid 

Fraction no. Micro hoil- RefractiveDensity(treated) Ing point Index 

20· ",n·C. "F DH-I ________ 107 0.736 1.410H-2________ 113 .734 1.409II-3________ 114 .736 1.410 

BETA-PINENE 

Fractions T-14 and T-15 (table 4) were oxidized with potassium 
permanganate to nopinic acid, using the method of Dupont (10), with 
modifications and quantities of material as indicated: 28-g sample, 
63 g of potassium permanganatein 900 cc of water, 11 g of potaSSIUm 
hydroxide, and 10 g of sodium carbonate. The following deviations 
were made from the Dupont procedure: Sodium carbonate was used 

II No attempt Is made In this connection to explain tho origin of thc trace of paraffin oils In stcam-dlstIUed 
wood turpentine, as these may come as contwlllllation from plant processing, rather tban us natural constitu
ents in the turpentine. 

http:compounds.ll
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in place of sodium sulphate and added as a saturated solution after the 
mb..iiure had been filtered free of manganese dioxide anel concentrated 
to a volume of 300 cc. On addition of sodium carbonate, 1.4 g of 
crystals separated from the reaction mLxture, and another crop was 
obtained on further concentration of the filtrate. 

The combined crystals were recrystallized from 95-percent alcohol, 
the first crop of crystals was converted to the free acid, using 10
percent sulphuric ac,d, and the resulting nopinic acid was recrystal
lized from benzene. The melting point was 127.5°-128° C. 

PARA-MENTHANE 

A 6-g portion of fraction T-26 (table 4) was treated with two to three 
times its volume of mild fuming sulphuric acid, allowed to s~parate, 
washed with water, distilled, again washed with water and sodium 
carbonate solution, and yielded finally 3.3 g of purified oily liquid. 

TIlls had a refractive index, n2Z·, of 1.4315; density, 210°, 0.7962; micro 

boiling point, 168°-169° C. A sample of authentic paramenthane had 
. 20°

the following properties: Refractive index, n 2Z·, 1.440; densIty, 40' 
0.7996; boiling point, 167°-168°. 

CINEOL 

Fractions T-28, T-29, and T-30 (table 4) had a distinct cineollike 
odor. Fraction T-28 was shaken twice with 5 cc of 50-percent resor
cinol solution. No crystalline product resulted. The combined 
resorcinol solutions were treated with 5-percent sodium hydroxide 
solution and extracted with ether, the ether was evaporated, and 1 
cc of 50-percent resorcinol solution was added. The solution became 
turbid, but no definite precipitate was obtained.· Five percent sodium 
hydroxide was added, and the mixture was distilled with steam. 
A few oily drops separated from the distillate. The distillate was 
extracted with petroleum ether and the eJl.'tract was dried over anhy
drous sodium sulphate, but no definite derivative of cineol was ob
tained in this manner. 

The n6)it fraction, T-29, was extracted several times with 50
percent resorcinol solution and treated in the manner already de
scribed, A few (lrops of a viscous liquid with a cineol odor was thus 
obtained. Tested with iodol, it gave crystals similar to those from 
the iodol derivative of authentic cineol. The melting point was not 
sharp-110° to 115° or 116° C. A mixed melting point with the 
derivative from authentic cineol, however, showed no lowering. 

LIMONENE AND DIPENTENE 

A 6-cc portion of fraction T-35 (table 4) was brominated according 
to the method of Godlewski (6). The precipitated bromide was filt
ered, washed with absolute alcohol, andair-dried. Two and seven
tenths grams of tetrabromide with a melting point of 120°-121 ° C. was 
thus obtained. This was recrystallized from absolute alcohol several 
times, and the melting point was then 123°-124.°. No further elevation 
of the melting point resulted from two additional crystallizations. 
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CYMENE 

Each of the three fractions T-35, T-37, and T-39 (table 4) was sub
jected to permanganate oxidation in the usual manner, and a small 
quantity of material obtained from fraction T-37 was sublimed, but 
found insufficient for identification. 

TEUPINENE 

A 2-cc portion of fraction T-43 (table 4) was brominated according 
to the Godlewski method, the resulting crystals after recrystallization 
from alcohol having a melting point of 122° C. Further recrystalliza
tion, however, gave two crops which melted at 125°-126°. The 
melting point after recrystallizution three times from absolute alcohol 
showed no change, and determination of the mixed melting point with 
authentic terpinene tetrabromide showed no depression. 

TERPINOLENE 

The original mother liquor yielded crystnlline bromides with lower 
melting points, 116°-117° C., which were subjected to two more crys
tallizations without apparent change, but when a mixed melting
point determination wo.s made with authentic terpinolene tetrabro
mide (116°-117°) a sharp depression of 26° in melting point resulted, 
thus indicating that no derivative of terpinolene had been isolated. 
It was identified, however, in a hi~her boiling fruction (T-48, table 4). 
A 1.5-cc portion of the hydrocarbons separated by distillation after 
treatment of this fraction with ethyl borate to hold back the alcohols 
was brominated in glacial acetic acid, yielding a crystalline bromide 
which, after two crystallizations from alcohol, gave a product with 
a melting point of 117° C. This showed no depression by mixed 
melting point determination with authentic terpinolene tetrubromide. 

SOBREUOI, 

A solid residue separo.ted from fmctions 67, 68, and 69 (table 2) 
which wos removed by decantation. The oily liquid centaminating 
the crystals was not soluble in petroleum ether, but was readily 
removed by repeated washing with small quantities of methyl alcohol. 
The white crystalline residue wu.s recrystallized from ethyl alcohol, 
after which the dried crystals showed softening at about 131° and 
clearing at 144° C. Rotation obtained by dissolving 0.295 gin 25 cc 
of alcohol gave Ia]2Z0, + 120°. Authentic sobrerol gave Ia]~Zo,+122°. 

The decanted methyl alcohol solutions and wushings were evapo
rated, and the crystals thus obtained also showed a softening point of 
130°-131 ° C., and melteu to a pure oil at 139°. After recrystalliza
tion from wuter, the crystals melt.ed at 149°-150°. )Yhen mLxed with 
authentic sobrerol, no depression of the melting point resulted. 

ALCOHOLS 

The high-boiling fractions T-43, T-48, T-49, T-50, T--51 , T-52, 
and T-53 (table 4) were each treated with ethyl borute for the removal 
of the alcohols as a whole by the Kaufmunn procedure (16). The 
ethyl borate was prepared by the method of Webster and Dennis (43), 
using a large excess of boric anhydride. T-43 yielded no alcohol. 



21 .lllERICAN STEAM-DISTILLED WOOD TURPENTINE 

The others, with the exception of T-53, which consisted principally 
of alcohols, each yielded only a few cubic centimeters of alcohol 
after removal of the hydrocarbons. 

Methods available for the separation of secondary and tertiary 
terpene alcohols from each other, us distinguished from methods for 
their quantitati.ve determination, are far from satisfactory, us pointed 
out by Delaby and Sabetay (8), parti.cularly when preservation of the 
tertiary alcohols is an essential requirement. 

Experiments with synthetic mixtures of borneol, fenchyl alcohol, 
and terpineol by benzoylation in the cold in the presence of pyridine 
(18) did not give anything like a complete separation of the secondary 
alcohols from the tertiary nlcoh01s because of the volatility of the 
benzoyl esters of the secondnry alcohols. The acid phthnlate method, 
which depends upon extraction for separation of unrencted tertiary 
alcohols, was found more satisfactory. 

By a modification involving prolonged heating (24 to 40 hours) of 
the phthalic anhydride reudion mixture, Stephnn's (36) low-tempera
ture procedure using benzene, which is ordinurily regarded us suitable 
for primary alcohols only, was mude applicable to secondary terpene 
alcohols. Experiments with synthetic mb.::tures showed the method 
to be relu.tively effective for separating borneol and fencbyl alcohol 
from terpineol without, uppurently, any appreciable dehydration of 
the latter. 

nJNCHYL AI,COHOL 

The alcoholic residues from T-48 and T-49 (table 4) were combined 
because of the small quantities available. Acid phthalates were 
prepared from this mb.::ture and from the alcoholic residues from each 
of the other fractions, using the modified Stephan method described 
by Bournot (2). All of these were found to give esters which on 
severnl recrystullizations melted at 168°-169° C., corresponding to 
the fenchyl acid phthnlate reported by Zeitschel and Todenhoffer 
(35, 46'). Mixed melting-point determinations with authentic acid 
phthulute showed no depression. 

BonNEOL 

.An attempt was made to separate bornyl acid phthalate by fraction a 
crystallization of the combined acid phthalate residues remaining after 
isolation of the fenchylacid phthalate, but results were negative. 

TEUTIAUY ALCOHOLS 

The alcoholic residues not reacting with phthalic anhydride on first 
treatment were very small, and were combined (except T-53) and 
gIven a second treatment, yielding a small additional quantity of 
fenchyl acid phthalate. The combined tertiary alcoholic residue was 
then tested for terpineol by an attempted hydration with sulphuric 
acid (38) to terpinhydrate, and also by conversion to a phenyl-ure
thane, but with negative results. 

ALPH A-TEIU'INEOL 

The alcoholic residue from fraction T-53 (table 4) after distillation 
showed the following properties: Refractive index, 11?EO, 1.4884: 

density, 2~00, 0.9573 i micro boiling point, 2080-2090 O. ' 

http:quantitati.ve
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'While the properties of this residue approached those of «-terpineol, 
no solid phenyl-urethane could be obtained. It was therefore sub
jected to a further purification treatment, and ultimately r'elded a 
phenyl-urethane, the procedure being as follows: 3.7 g 0 sample, 
3.7 g of phthalic anhydride, and 8 co of benzene were placed in a 
flask fitted with a reflux condenser and heated for 42 hours. The 
reaction mixture was poured into an excess of nonnal sodium hydrox
ide and shaken. The mi.xture was extracted twice with petroleum 
ether and the combined extract was washed with dilu te sodium hydrox
ide and then with water. It was then filtered through paper, the 
petroleum ether wa.s evaporated, and the residue was distilled in 
vacuum, yielding approximately 1.3 cc of distillate. 

The phenyl-urethane was prepared as follows: 0.5 cc of distillate 
and 0.6 cc of phenyl isocyanate were heated for IX hours at 70° C. and 
then for one-half hour at 90°. The reaction mixture was treated with 
1 cc of acetone containing 0.1 cc of wa.ter (12) and allowed to stand 
for 2 hours. The acetone was then removed by evaporation. The 
residue was extracted with petroleum ether, the petroleum ether was 
evapora.ted, and the extract was dissolved in 7 cc of 71)-percent alcohol. 
After long standing at 10°, crystals separated which, after recrystal
lizing three times from dilute alcohol, had a melting point of 108°-109°. 
The mixed meltin~ point with authentic a-terpineol phenyl-urethane 
showed no depressIOn and indicated that the crystals obtained by this 
procedure were slightly impure terpineol phenyl-urethane. 

KETONES 

After removing the alcohols from fractions T-43 to T-51 (table 4) 
with ethyl borate, using the Kaufmann procedure (16), the residues 
were combined and treated with hydrox-ylamine in the usual manner. 
A very: small quantity of gummy precipitate was obtained, but no 
crystalline o:dme was formed. 

METHYL CHAVICOL (ANETHOL) 

The non alcohol portion of fraction T-52 (table 4) was oxidized with 
4-percent potassium pennanganate and the solution, after removal of 
the manganese dioxide by filtratioll, was concentrated and acidified 
with hydrochloric acid. A precipitate was fonned which, after three 
crystallizations, melted at 183.5° C. No depression was obtained by 
nuxed melting-point detennination with a.uthentic anisic acid. 

The acidified concentrate from the non alcohol portion of T-52 
was extracted with ether. A very small oily residue WIlS obtained on 
evaporation of the ether which had a camphoraceous odor. On sub
limation, it, yielded only an oily product. No oxime of camphor 
could be obtained by the usual treatment with hydroA-ylllmine. 

CHEMICAL TREATMENT OF HIGHER BOILING PORTION 

The second half of the high-boiling portion, not used for fractiona
tion, was then subjected to schematIC treatment for t.he successive 
removal of the aldehydes, phenols, and alcohols. 

ALDEHYDES 

The presence of aldehydes had already been shown by color tests 
on individual fractions, using the fuchsin reagent, and also by forma
tion of derivatives of furfural and benzaldehyde. 
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This second half of the high-boiling portion was extracted four 
times with 50-cc portions of aqueous sodium bisulphite solution. 
Because of the minute quantities of aldehydes present, no crystalline 
bisulphite could be obtained. Extraction by the bisulphite solution 
was relied upon, however, as a means for the removal of these traces of 
aldehydes (39). The combined bisulphite extracts were made alkaline 
with sodium carbonate, and the regenerated aldehyde mixture was 
extracted with ether. The residue obtained on evaporation of the 
ether consisted of a very sma1l9uantity of viscous oil smelling strongly 
of benzaldehyde. No crystallIne semicarbazone could be obtained, 
and the total quantity of aldehydic oil resulting from this extraction 
was too small to pennit a purification treatment with the view to 
subsequent regeneration for preparation of derivatives. 

PHENOLS 

After extraction with bisulphite, the sample was subjected to 
repeated extraction with sodium hydroxide solution as follows: 

Twelve extractions were made using 50-cc portions of 5-percent 
aqueous sodium hydroxide solution, followed by sLx extractions using 
8-percent sodium hydroxide. Tests were made for completeness of 
extraction on portions of tho final extracts by use of diazo-p-nitroben
zene (25). As these tests still sho\ved traces of phenol, a portion was 
extracted 38 times with 5-percent sodium hydroxide, and even then 
tests of the extract did not show complete removal, but in view of the 
sensitivity of the test, the extraction was regarded, for pructical pur
poses, as complete. 

The alkaline extract was acidified with 10-percent sulphuric acid, 
the liberated phenols were extracted with ether, and the ether was 
evaporated, leaving a brown viscous residue which was subjected to 
steam distillation. An arbitrary division of distillate was made, (1) 
distilling easily, and (2) requiring prolonged steam distillation. As all 
of the phenol material was not steam-volatile, the residue remaining 
in the distillation flask (3) was reextracted with sodium hydroxide 
solution, the phenols were liberated with acid and extracted with 
ether, and the ether extract was washed and dried over auhydrous 
sodium sulphate. All three phenolic fractions were found to consist, 
in part at least, of methyl ethers as shown by the following deter
minations of methoxyl: 

Ptrcenl methoIvl 
(1) Steam volatile part (more volatile with steam)______________________ 1. 1 
(2) Steam volatile part (less volatile with steam) ______________ .________ 3.8 
(3) Residue (not volatile with steam)_________________________________ 3.3 

The quantities of phenols were too small for separation into frac
.tions, either by distillation 	or by fractional crystallization of alkali 
salts, and it was not found possible to prepare dinitrobenzoates or 
other solid derivatives. Methyl chavicol (anethol) had been identified 
in fraction T-52 (table 4) by o~,:idation to anisic acid (p.22). 

ALCOHOLS 

The residual oil, after extraction of phenolic and aldehydic com
pounds, was dried and treated in two batches (630 co each) for removal 
of alcohols by means of ethyl borate as described by Kaufmann (16). 

The quantity of ethyl borate reagent used was in excess of that 
calculated on the basis of Zerevitinoff determination (47) on a 2-g 
sample. This showed that the residual oil haq ~ total alcohol content, 
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calculated as C1oH1SO, of 12.8 percent. This would indicate a total 
alcohol content of about 2 percent, calculated on the original tur
pentine. 

The hydrocarbons were distilled from the .reaction mixture, begin~ 
ning at about 15 mm pressure and 45° C. and completing the distilla
tion at about 8 mm, at a temperature not exceeding 100°. 

The residue of boric esters remaining was then subjected to steam 
distillation, most of the regenerated alcohols distilling with the first 
liter of distillate. In order to insure complete hydrolysis of the alcohol
boric-esters, 100 cc of 5-percent sodium hydroxide wo:s added to the 
reaction mixture toward t,he end of the distillation. The ether solu
tion of the total alcohols was dried over anhydrous sodium sulphate 
and the ether was removed, the yield being 93 cc of terpene alcohols. 

The hydrocarbon portion was treated a second time with ethyl 
borate, but practically no further yield of alcohol was obtained. A 
Zerevitinoff determination (47) made on the hydrocarbon distillate 
showed virtually complete removal of the alcohols. 

To test the character of the residue from the boric ester hydrolysis, 
it was acidified with 10-percent sulphuric acid and extracted with 
ether, and the ether solution was dried over anhydrous sodium sul
phate. The evaporation of the ether left a very small, brown, viscous 
residue, which, when. distilled with superheated steam, yielded only a 
truce of oily material and gave a strong phenolic reaction. 

SECONDARY ALCOHOLS 

The mixed alcohols were heated for 24 hours in a benzene solution 
with an equal weight of phthalic anhydride, l1sing the Stephan pro
cedure (36) except for time of heating, the flask with the reaction 
mixture having been set down in a steam bath: to insure heating at 
100° C. The resulting acid phthalates were fractionally crystallized 
from benzene-petroleum ether and from dilute alcohol. 

FJoJNCIIYI, ALCOHOl, 

Impure fenchyl acid phthn,late was obtained from the benzene
petroleum ether mother liquors, which, after several recrystallizn,tions 
from 50-percent alcohol, had a melting point of 169°-169.5° C. A 
mixed melting-point determination with authentic fenchyl acid phtha
late showed no depression. 

BORNEOL 

After repeated crystn.I1ization of the acid phtohalates from henzene
petroleum ether, bornyl Mid phthalate, melting point 161 °-162° C., 
was obtained. A mi.'i:ed melting-point determination with authentic 
bornyl acid phthalate showed no depression. ,. 

TEUTIARY ALCOHOL 

The residue not reacting with phthalic anhydride, after separation 
from the alkalized reaction mixture by extmction with ether, was 
purified by steam distillation in the presence of a little 5-percent 
sodium hydroxide to hold back traces of phthalic acid, the oily dis
tillate was extracted with ether, the ether solution was dried over 
sodium sulphate, and the residunl alcohol obtained after evaporation 
of the ether was distilled in vacuum to insure complete removal of 
traces of moisture and ethyl alcohol. 
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ALPHA-TERPINEOL 

A portion of the tertiary alcohols was shaken with 5 percent sul
phunc acid (38) ab intervals over a period of 5 days, the unreacted 
oil was removed with petroleum ether and the aqueous solution, after 
neutralization, was evaporated in vacuum. The residue was ex
tracted with alcohol. The alcohol solution was evaporated and the 
resulting solid, after recrystallization from water, melted at 110.5°
111.5° C. A mixture with authentic terpinhydrate, lnelting point 
115°-116°,melted at 110.5°-112.5°. 

Second and third portions of the tertiary alcohols, when reacted 
with phenyl isocyanate and p-nitrophenyl isocyanate, respectively, 
yielded only noncrystallizable oils. 

A fourth part of the tertiary alcohols was again treated with phthalic 
anhydride ill benzene,· this time for 42 hours, to insure complete re
moval of traces of secondary alcohols. The purified alcohols yielded 
a phenyl-urethane, melting point 110.5°-111.5° C., by the procedure 
described on page 22. A mb:ed melting point with the phenyl
urethane of authentic a-terpineol gave no depression. 

In view of the difficulties experienced in obtaining diagnostic de
rivatives, a fifth portion of the tertiary alcohols was subjected to 
fractionation in vacuwn. The apparatus is shown in figure 2 and 
described under equipment. The fractions shown in table 7 were ob
tained. 

TABLE 7.-Fractionation oj tertiary alcohols 

Alcohol,lDistillationFraction no. Pressure Density calculatedtempernture nsC"HIIO 

20° 
1_______________ • _. ___ • __ _ °C. Mm 7 Percenl 
2_________________ • _____ •• 88-95.5 20 0.935 68 

87-92 10 .947 943. _______________• ____•__ _ 
92-95.5 10 .\J46 91L.____ • ________________ __ 

88 5 .951 93 

1 Detennlned by the ZerevltinotI method (47). 

Fraction 4 (table 7) yielded a nitrosyl chloride by the following 
procedure (26,42): To a mhture of 1.3 &' of terpene alcohol, 1.3 cc of 
ethyl alcohol, and 1.3 cc of ethyl nitrite ill an ice bath was added 1.1 
cc of 8 N alcoholic hydrochloric acid solution, drop by drop, and the 
reaction mixture was left in the ice bath for 2 hours, after which 5 cc 
of alcohol in 10 cc of water was added. The crude nitrosyl chloride 
came down as a pasty mass, which, after several washings by decanta
tion with cold water, was dried in an Abderhalden oven at 50° C. 
and 5 mm pressure. It was then recrystallized twice from ethyl ace
tate, yielding 0.06 g of nitrosyl chloride which had a melting point of 
113°-116°. 

The nitrosyl chloride was d5ss01ved in 4 cc of alcohol, treated with 
0.1 g of aniline (42), heated on the steam batp for about 8 minutes, 
cooled, and 3 cc of water was added. An oil seI>arated which, after a 
few minutes, solidified to a crystalline mass. This was filtered and 
washed with 25-percent alcohol, crystallized from about 2 cc of 40
percent alcohol, and dried in vacuum~ The melting point was 155°
156° C. No depression was observed in a mixed melting-point de
termination made with the anilide prepared from authentic terpineol. 
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SUMMARY AND CONCLUSIONS 

Steam-distilled wood turpentine, representative of material sold to 
conform to specifications of the American Society for Testing 
Materials, was subjected to systematic fractional distillation followed 
by physical and chemical examination of the individual fractions. 
The results are compared to those obtained previously for gum 
spirits of turpentine. Equipment and procedure suitable for the 
fractionation ill vacuum of turpentine are described in full or given 
by citation. 

The investigation here reported shows that steam-distilled wood 
turpentine consists chiefly, but not entirely, of terpene hydrocarbons, 
the major portion of whieh, roughly 80 percent, is a-pinene. j3-Pinene, 
which constitutes a large percentage of gum spirits, is present, but 
only in small amount. The only other dicyclic hydrocarbon found is 
camphene, which is probably also present only in small amount. 
The remainder of the hydrocarbon portion consists of mono cyclic 
hydrocarbons, notably dipentene, limonene, terpinene, and terpinolene. 

The nonhydrocarbon portion, which in the aggregate probably 
does not exceed 2 percent of the turpentine, consists of secondary and 
tertiary terpene alcohols, aldehydes, phenols, phenolic ethers, and 
oxidation and polymerization products. Of the secondary alcohols, 
both borneol and fenchyl alcohol are found, but the latter is more 
characteristic. The tertiary alcohols, of which a.-terpineol was 
identified, constitute a substantial par~ of the total alcohols. 

The presence of benzaldehyde in very small amount was definitely 
established, confirming previous findings. Furfural, which had 
been reported previously, based on color test only, was definitely 
identified by means of the phenylhydrazpne, although present in 
very small amount. 

A trace of cineol was present. Sobrerol was found in more than 
traces. The presence of camphor and cymene was indicated, but the 
quantities present were too small for identification. Very small 
quantities of phenols, evidently mixtures, were found, but the indi
vidual phenols were not identified. Phenolic ethers were present, 
and methyl chavicol (anethol) was identified. 

The presence of very small quantities of low-boiling hydrocarbons 
of a paraffin nature was established, but whether these are naturally 
present or merely residual petroleum contaminants due to the process 
used in commercial extraction cannot'be positively stated. 

The principal characteristic differences then between steam
distilled wood turpentine and gum spirits may be summarized as 
follows: (1) While the hydrocarbon portion constitutes by far the 
major part of both :products, virtually all the hydrocarbon com
ponents in gum spirIts consist of dicychc terpenes, whereas the 
hydrocarbons in steam-distilled wood turpentine consist of appre
ciable proportions of mono cyclic terpenes, notably dipentene (limo
nene), terpinene, and terpinolene; (2) the dicyclic terpene a-pinene is 
present in a considerably larger proportion in steam-distilled wood 
turpentine than in gum spirits-about 80 percent in the former to 
about 60 percent in the latter; (3) j3-pinene is present in substantial 
proportions in gum spirits, but only in negligible quantities in steam
distilled wood turyentine. 

These gross differences in composition between steam-distilled 
wood turpentine and gum spirits, while not evident. from Engler 
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distillations and the usual routine examination of constants and 
properties, become manifest in a systematic fractional distillation. 

The pine-oil type of constituents, such as terpene alcohols, phenols, 
andphenolic ethers, characterizes the high-boiling portion of steam
distilled wood turpentine. With the possible exception of traces of 
phenols, these are absent, in gum spirits. Together with the presence 
of benzaldehyde and monocyclic hydrocarbons in this turpentine, 
these constitute striking and characteristic differences between it and 
gum spirits. 

Several complete fractional distillation asseIhblies suitable for work 
in vacuum, together with pressure-control apparatus, are described. 
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