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Abstract:

The purpose of this investigation was to study the application of the clathration technique to the
separation of monoterpene hydrocarbons particularly alpha-pinene, beta-pinene, delta.-3-carene and
dipentene.

The experimental procedure consisted of bringing a terpene-amine feed mixture into contact with a
complexing agent. This resulted in the precipitation of a clathrate, which was then filtered, dried and
dissolved in 1:1 hydrochloric acid to separate out the clathrated terpenes as a hydrocarbon phase. The
filtrate containing unclathrated terpenes was discarded. The hydrocarbon phase was extracted with
n-pentane and washed twice with 1:1 hydrochloric acid. The terpene feed mixture and the clathrated
terpenes were analyzed on a gas chromatograph. The variation of this scheme included varying
clathration temperature, drying the clathrate completely following filtration, varying feed to complex
weight ratio and varying feed composition and constituents.

About 88 complexes were tried at room temperature for the separation of three feed mixtures consisting
of different terpenes mentioned earlier. In 46 cases, clathration took place and the analysis of the
clathrated terpenes indicated that several complexes had fair selective clathrating ability for
delta-3-carene and dipentene depending upon the presence of other terpenes in the feed. Concentration
of these two terpenes increased by 5 to 10 % from the feed to the clathrate. Other previously mentioned
variables did not radically change the selectivity of most of complexes.

However, nickel(4-methylpyridine)2(thiocyanate)2, a complex, exhibited an excellent selective
clathrating ability for myrcene when clathration is carried out at 5°C. Myrcene was present as an
impurity in beta-pinene and that to the extent of 6.25 %. In a single clathration stage, this complex
concentrated myrcene from 2 % in the feed to 61 % in the clathrated terpenes. An increase in the feed
to complex ratio increased the proportion of myrcene in the clathrate, up to a certain limit. Similarly, an
increase in the proportion of myrcene in the feed increased its proportion in the clathrate, Myrcene was
concentrated from 25 % in the feed to about 90 % in the clathrate in one clathration stage.

Boiling points of beta-pinene (164-6°C) and myrcene (167°C) are very close and therefore, difficult to
separate . by fractional distillation. It is apparent that they can be separated by the clathration
technique.
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Abstract

The purpose of this investigation was to study the
application of the clathration technique to the separation of
monoterpene hydrocarbons particularly alpha-pinene, beta-
pinene, delta-3-carene and dipentene.

The experimental procedure consisted of bringing a
terpene-amine feed mixture into contact with a complexing
agent. This resulted in the precipitation of a clathrate,
which was then filtered, dried and dissolved in 1:1 hydro-
chloric acid to separate out the clathrated terpenes as a
hydrocarbon phase, The filtrate containing unclathrated ter-
penes was discarded. The hydrocarbon phase was extracted with
n-pentane and washed twice with 1:1 hydrochloric acid. The
terpene feed mixture and the clathrated terpenes were analyzed
on a gas chromatograph. The variation of this scheme included
varying clathration temperature, drying the clathrate comple-
tely following filtration, varying feed to complex weight
ratio and varying feed composition and constituents.

About 88 complexes were tried at room temperature for
the separation of three feed mixtures consisting of different
terpenes mentioned earlier. In 46 cases, clathration took
place and the analysis of the clathrated terpenes indicated
that several complexes had fair selective clathrating ability
for delta-3-carene and dipentene depending upon the presence
of other terpenes in the feed. Concentration of these two ter-
penes increased by 5 to 10 % from the feed to the clathrate.
Other previously mentioned variables did not radically change
the selectivity of most of complexes,

However, nickel(l-methylpyridine),(thiocyanate), , a
complex, exhibited an excellent selective clathratlng ability
for myrcene when clathration is carried out at 5 °c. Myrcene
wag present as an impurity in beta-pinene and that to the
extent of 6.25 %. In a single clathration stage, this complex
concentrated myrcene from 2 % in the feed to 61 % in the cla-
thrated terpenes. An increase in the feed to complex: ratio
increased the proportion of myrcene in the clathrate, up to
a certain limit. Similarly, an increase in the proportion of
myrcene in the feed increased its proportion in the clathrate.
Myrcene was-concentrated from 25 % in the feed to about 90 %
in the clathrate in one clathration stage.

Boiling points of beta-pinene (164-6 °C) and myrcene
(167 OC) are very close and therefore, difficult to separate .
by fractional distillation. It is apparent that they can be
separated by the clathration technique.




INTRODUCTION AND THEORY

The purpose of this investigation was to study the
application of the clathratioh technique to the éeparation
of monoterpene hydrocarbons, particularly, alpha-pinene, heta-

pinene, delta-3-carene and dipentene.

All these terpenes have the same molecular formula
ClOHi6 but different structuvral formulas. Their boiling points

are 156,2, 164-6, 167 and 170.3 °C respectively.

_These terpenes occur in ﬂature as odoroﬁs substances
in the flowers, fruits,'leaves.and rooté of many plants,
Alpha-pinene is very widely distributed in nature, being
found in most essential oils. It is the main constituent of
0oil of turpentine. Beta-pinene and delta-5-carene accompany
alpha-pinene in most sources of alﬁﬁa—pinéne, but in smaller
proportions. The optically active limonene is found in both
dextro and levo forms in several essential oils e.ga lemon,
orange and caraway oils. The racemic variety of limonene,
known as dipentene, occurs in various turpeﬁtine 0ils.. These
hydrocarbéns are”separated from the oils by fractionai
distillation and/or'via certain crystailine adducts.. The’
individual hydrocarbén is.then separated by careful fractio§al'

diétillatibn.
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Alpha-pinene, beta-pinene, delta~3-carene and dipentene
have some industrial importance, though not necessarily as
pure chemical individuals, The importance of alpha—éinene
iies in its conversion to alpha—tefpineol -used for the comm-~
ercial manufacture of perfumes- and to bornyl derivatives and
camphene for the production of camphor. Beta-pinene can be
converted to myrcene whose tendency to polymerize has been
used to some extent in the preparation of rubber-like poly-

mers and copolymers.

The clathration technique involves selectivé removal
~of a specific component from a mixture by the formation of a
molecular compound or clathrate between a complex and the
component. The clathrate is then separated fromuthe reaction

mixture and the clathrated compound recovered,

A clathrate is one kind of. inclusion compound which
consists primarily of two molecular species, one of which
(host) provides space in its structure in which molecule(s)
of the other (guest) is completely enclosed. Using X—ray'
diffraction and other techniques, Powe11<1) has shown that
the benzene molecule is completely enclosed in the three- -
dimensional structure of nickel—cyanide—amino complex. He

proposed that this type of compound be called clathrate
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-compounds from Iatin "Clathratus" meaning enclosed or prote-

cted by cross bars of a grating.

The interaction betﬁeen the host and the guest mole-
éules is generally quite weak and the bonds being of the van
der Waals type,(z) Therefore, decomposition of a clathrate,
_that is, breaking of the host structure, can occur by simple
means such as meltiné, sublimation or dissolution. Since the
interaction energy between the host and the guest is weak,
the molecular structure. and properties of the separated mat-
erial are not affected throughout this process of separation

or purification.

One class of the host molecules includes Werner comp-
lexes., From the view point of separation or purification,

these complexes arce most interesting since many of them are
reported as having remarkable clathrating ability,(5’4;5) A
Werner comblex has three constituents viz., 2 metal atom like

nickel, cobalt etc.; a nitrogen base compound like substitut-

ed pyridines and an anion like thiocyanate, chloride etc.

Many investigators(3’4’5) have worked on Werner com-
plexes for separating aromatic hydrocarbons of the benzere
series and they have been particularly successful in separa-

)

ting CSHIO aromatic hydrocarbon isomers. Schaeffer et al.(3
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investigated at least one complex with a remarkable selec-
tivity for each of the four 08 aromatic isomers. In a single
stage concentration increased from feed to product of 19,9
to 75.9 volum; % for p-xylene, 45.5 to 56,9 volume % for m-
xylene, 19,3 to 53,1 volume % for o-xylene and 15.3 to 54.6
volume % for ethylbenzéne, They(a) have also reported a com-

‘plex, able to clathrate p-xylene selectively from an aromatic

-rich gasoline,

The reported complexes are very rafidly forméd when
the appropriate reagents are mixed at room conditions. Reaction
time is well under one minute and yield is almost quantitative.
'There are several methods of forming a clathrate,
These include: i
(1) Simplé contact of the feed mixture with the complex
with or without stirring.
'(2)'Contacting the feed material with a hot soluﬁion
of the complex‘followed byhcooling to form the solid clathrate.
(3) Contaotiné the feed material with a suspension of
the compléxg The fluid in which the comblex is suspended is
an organic liquid which will not enter into the clathration.

(&) Adding the metal thiocyanate or -other complexing

agent to the amine-feed mixture.,
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There are several methods of recovering the desired
component from the solid clathrate. These include:

(1) Decomposition of the clathrate with a mineral acid
thus releasing the clathrated component.

(2) Steam stripping.

(3) The clathrate is dissolved in a hot solvent and
the desired constituent.removed by extraction and/or distill-

ation,

Most of the investigators have been working on separ-
ating aromatic compounds by clathration teohnique,.However,
the number of possible compounds which might be studied for
clathration is at least several thousand and possibly much
larger. The preéent investigation was carfi;d out, for the

first time,; to study the clathration of monoterpene hydro-

carbons.

The clathration technique for separating isomers seems
to have some definite advantages over the commonly used
methods, It has a real advantage:when the isomers. (or comp-
ounds ) have very'close boiling points. In a situation like -
this, one clathration stage can give the same separation asl
a distillation column with hundreds of plates. It also has |

advantages from a product quality standpoint..For example,
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ultra-pure benzene has been prepared by clathration. The cla-
thration method, when it is used commercially, will probably
be used to obtain high purity chemical intermediates not now

being produced in any volume,

The process is new. There are no commercial plants and
no apnouncéd plans for building a clathration plant. It is
still so new that much engineering and pilot work must be
done before the process proves itself. If and when it does
prove'itself there will probabdbly be many applications for the-
process in the petrochemical industry as new intermediates
are developed which can not be separated from refinery streams

by existing commercial methods.




RESEARCH OBJECTIVES

The purpose of this investiga%ion was to study the
application of the clathration technique to the separation
of monoterpene hydrocarbons such as alpha-pinene, beta-
pinene, delta-3-carene and dipentene from their mixtures.
Werner type of complexes were to be used as clathrating
agenﬁs. The effect of wvariables such as clathrationvfemper-
ature, feed to complex ratio; feed compositions and consti-
tuents, drying of the clathrate, etc. on the selective cla-

thrating abilities of the complexes were to be studied.




EXPERIMENTAL DETAILS

Werner complexes have the general formula of M(N)X(A)2
where "M" is a metal atom, usually bivalent, "N" a. nitrogen
base compound and "AY an anion, usually monovalent. In most

cases, "x" is 4, but it can be 2 also.

All complexes in this invéstigation were prepared
employing stoichiometric amounts of reactants except that a
12.5 mole % excess of nitrogeﬁ base was usually added to
. ensure a quantitative yield. The various complexes were tried
for clathration by variation of a basic method. The basic

nethod may be exemplified as follows.

23,8 gms. (0.1 gm-mole) of nickelous chloride hexa-
ﬁydrate was .dissolved in approximately SOQ‘mls; of water and
19.4 gms, (0.2 gm-mole) of.pptaséiﬁ% thiocyanate was added
to give a solution of nickel thiocyanate. 41,8-gms; (0.45 gm-
mole, 12.5 mole % in excess) of 4-methylpyridine was dissolv-
ed in 50 mls. of terpeﬂe feed mixture. This amine-feed ﬁix~
ture was then added to the solution of nickel thiocyanate
and a blue precipitate of the clathrate appeared immédiately.
As noted earlier, the reaction was very rapid and the yield
almost.qﬁantitativen The-reaction mixture was then filtered,

the clear and colorless filtrate containing unclathréted

terpenes was discarded., The blue residue on the filter was
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removed and air-dried in certain cases,

The biue precipitates were dissolved in approximately
200 mls. of 1:1 hydrochloric acid to break the clathrate.
This resulted in two phéses, viz. hydrocarbon and agueous.
The hydrocarbon phase which separated was extracted with a
‘small'amount of n-pentane. After separation of ligquid pﬁases,
the hydrocarbon phase was washed twice with 1:1 hydrochloric

acid and then‘analyzéd by means of a gas chromatographs.

The variation of this scheme included varying tempera-
ture. at which the clathration took place, drying the clathrate
completely following filtration, varying the complex to feed

ratio, washing the clathrate with n-pentane to remove uncla-

thrated terpenes, varying feed composition and constituents.

In this investigation, the following different consti-
tuents of complex_M(N)x(A)2 were studied.,

Metal atom (M).:
1. Nickel - 2, Cobalt 3. Zinc
L, Cadmium 5. Manganese 6, Iron

Nitrogén base compound (N) :

| 1. Z-Methylpyridine 2. BPMethylpyridihe-
3, 4;Methy1pyridine . b4, Pyridine

5.  0~-Toluidine 6. n-Hexylamine




9.
11,
12;
13,

o1k,
15,
16.
17,
18.
19,
20,

21.

A gas

10
2,6 Lutidine
Indple
n-Methylpiperazine
ﬁydroxyethylpiperazine
Aminoethylpiperazine
2,6-Dimethylpiperazine
2-Methyl-5-ethyl-pyridine
N~isopropylbenzylamine
Ny N-Dimethyl-p-toluidine
L.isopropylpyridine
1,8~p-Menthanediamine
Pyrrolidine

h.Methylpiperidine

()
Thiocyanate

Formate

8o

10.

3,4 Iuntidine

Acridine

2, Chloride

L, Nitrate

chromatograph with thermal conductivity detect-

ion, manufactured by Wilkens Instrument and Research, Inc.,

(model:'Aerograph 200) was employed-to analyze the terpenes.

The pertinent

details are as follow

(1),

Column liguid : ﬁ,ﬁ'—Oxydipropionitrile.

Solid

support : Diatomaceous earth, acid-washed

Chromsorb P, 60-80 mesh.
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Liquid to support : 15:100
' weight ratio
Carrier gas : Hydrogen
Hydfogen flow rate : below 60 ﬁlso/mino
Gas inlet pressure : 70 psig.
Column temperature : 90-100 °¢

Detector temperature : 145-150 °¢

Injector femﬁerature ¢ 120-130 °c

Column : (1) 10 ft. and (2) 15 ft.
length 5/32 inch I.D.

copper coiled.

Sample size : less than 5 microliters.

Most of the analytical work was done on column of 10
f+. léngth but afterwards, a new column of 15 f+t. length was
prepared keeping other factors constants, Bette; and more

reliable analytical results were obtained with the longer

column,

At one stage during this investigation; infra-red spec-
troscopy was employed in identifying myrcene in the clathrat-

ed terpenes.




RESULTS AND DISCUSSION

If the whole research work is considered as made of
several parts or stages, it would be proper to discuss one
part after anbfher in the same order as they were carried out.
In most cases, results obtained in one part fﬁrnish the basis.
for the subsequent part. Therefore, the present discussion
would be more clear if each part is considered one by one

followed by a final overall discussion.

Part T :
30 different complexes were tried for clathration with
a feed mixture having an approximate composition of. :
alpha-pinene 29 weight %. |
beta-pinene 29 weight %

delta-3-carene ‘42 weight %

" Table 1 shows all the complexes tfied with this feed
mixturevand the composition of the clathrated terpenes in
the cases where clathration took place. All cdﬁplexes were
tried at room temperature following the previously described

basic method completely.

Iﬁ 15 cases, precipitates of the clathrate were npt
observed which might be because Qf the failure of either the

complex itself or the clathrate formation. About five complexes
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Table 1. Initial Investigation on Clathration

Weight % of

Alpha-  Beta- Delta-3-
pinene  pinene  carene
Feed 29,0 29,0 42,0
Complex* In clathrated terpenes
1. Ni(#—MePy)h(SCN)z 16,3 19.5 64 .1
2, Ni(3-MePy)4(SCN)2 20.0 19.8 60.2
3. Ni(u..MeRy)z(SCN)2 33,0 | 6.4 61.0
L, Ni(By)q(SCN)2 21.3 34 Llh,1
5 Ni(o-Tn)q(SCN)z 28.1 18,3 53;%
6. Ni(2Me,;5Et Ry)q(SCN)Z 20.2 55,6 Lg.2
7. Win-Hx), (SCW), 22,0 15.2 63.0
8., Ni(3,4 Ln)q(SCN)z . 33 .4 24,0  L2.5
95.Ni(n~Mef£)4(SCN)2' 39,4 25.7 2.8
10. Co(3,4 In), (SCN), 22,6 15,8  61.6
11, Ni(n»Me Pz)q(Ft)z 31.2 29.6 | 39,2

_ (continued)
'* Abbpeviation used in all Tables:

Ac acridine Am -amino - Bz benzyiamine
Bt ethyi ¥t formate ‘ Hx hexylamine
Hy hydroxy In indole ‘ In lutidine
Me methyl Md menthanediamine Pd piperidine
Pl pyrrolidine Pr propyl ' Py pyridine

Pz piperazine Tn toluidine
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Table 1 (continued)

Complex

Alpha-

- pinene

Beta-~

pinene

Delta~3-
carene

12,
13.
14,
15.
16.
17.
18.
19.
20.
21.
22,
23,
2k,
25,
26,
27.
28.

29,

30.

Zn(4-MeRy)4(SCN)2
ca (4-dePy), (Ft),

'Cd(h-MePy)q(SCN)z

n (4-MePy ), (SON),
Ni (2-MePy ), (SCN),
Ni(u-MePy)4012
Ni(Py)4012

Ni (2,6 Ln)h(SCN)z

_Ni(In), (sCN),

Ni(Ac)q(SCN)z
Co (k-MePy ), (SCN),
CO(PY)4(SCN)2

Co(2Me, 5Bt Py), (SCN)

Co(n-MePz), (SCN),
Ni (h-MePy), (Ft),

Ni(&-MePy)z(Ft)zA

Ni(2Me,5Et Py), (Ft),

Ni (3,4 In), (Pt),

Zn(n-MePz)q(SCN)2

31.6
28.8
31.2

"3%.,0

28,0
26.5
27 .4

27.0

40.3
b7
41,7

L}’OQO
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showed good selectivity towards delta«}-darene as 1is clear
from the increase of up to 22 % for delta-~3-carene from the

feed to the clathrate.

Part II :
~ However; it was essential t6 check and reproduce
the resultg_gf Part I before arriving at a definite‘conclu—
sion. Therefore, five promising complexes of Par£ I along
with nine other complexes were. tried for the clathration
with a feed mixture,ha%ing approximate composition:
alpha-pinene 33%.3 wgight %
beta-pinene 33.3 weight %

delta-3-carene 33,3 weight %

When the clathrate is not thoroughly dried following
filtfatioh, as was comﬁon in Part I, theré‘is a‘possibility‘
of unclathrated‘térpenés sticking to fhe clathrate and the
result may be erroneous both quantitatively and gqualitatively.
Therefére, to avoid such a possibility, all the clathrates in
Part II were washed thoroughly with n-pentane, filtered and
dried.ﬂIt was reasonable to assume that all the unclathrated
terpeneé sticking to the clathrate would be femovea along

with n-pentane in the filtrate and results would be more

reliable.
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Table 2 shows the complexes tried and analysis of the
clathrated terpenes in the cases where the clathration took
plgce° Some complexes which had shown good selective clath-
rating‘ability towards delta-3-carene -as noted in Table 1,
showed faif selectivity towards delta-3-carene. This might
be the result of avoiding possibility of unclathrated. terpenes
sticking té the clathraté. Howevér, the feed compositions in
Part I and Part II were slightly different and this might
have an influence on the composition of the clathrated ter-
penes., So, one complex, shown at the bottom of Table 2, was
tried with the feed having a composition very close to that
in Part I. The result indicated that feed composition did not
exert any femarkable influence on the composition of the cla-

thrated terpenes. .

FProm the results of Part I and Part II, it is conclud-
ed that sevéral,complexes, which gave the clathyate, have_
shoﬁn fair selective clathrating ability for delta-3-carene.
ThereAis an increase of 4‘tov5 % in the delta-3-carene con-"

tent from the feed to the clathrate.

Part III :
Forty different complexes were tried for the clath-

ration with a feed mixture having an approximate composition
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Initial Investigation on Clathration

Weight % of

Alpha-  Beta- Delta-3-

pinene pinene carené
Feed 33.3. 33.3 3343
Complex In clathrated terpeneé

1. Ni(#«MePy)LF(SCN)2
2. Ni(3-MePy), (SCN),
3 Ni(4~MePy)2(SCN)2
L, Ni(n-HX)q(SCN)Q
5. Co(3,4 Ln)q(SCN)Z
6. Cd(QaMePy)q(Ft)z
T Ni(n~MePz)4(SCN)2
8. Ni(P1)4(N03)2

9. Ni(h—MePy)q(NOB)z
10. Ni(4;MePy)2(N05)2
11. Ni(3,4 Ln)u(NOB)z
12, Ni(p—HX)q(NO
13. Ni(2Me,5Bt Py, (WO

1k, Ni(Py)4(N03)2

Feed

Complex

1. Ni(4—MePy)2(SCN)2

3)2

31,4
30.6
‘32-5
32,2

30,0

31.7
32,2
29.9
‘29;2
30.7
31,2
31.1

30.2

30.0

37
37.
37
38,

40

.0

2

6

c'O

In clathrated terpenes

28.7

2805

L2

.8
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of
alpha-pinene - 33.3% weight %
delta-3-carene 33,3 weight %

dipentene 33.3 weight %

Table 3 shows all the complexes tried with this feed
mixture and fhe composition of the clathrated terpenes in
twenty-one céses where clathrat;on took place., For other
nineteen cases, one of the following is ftrue: (l) Either the
complex or the clathrate_was‘not formed. (2) Amount of ter-
penes in the clathrate was so small, just few drops, that

proceeding further was thought of little importance.

All the forty complexes‘in this part were studied at
roo@ femperafure employing the previously described basie
method with stirring. B

From the result of this part, it is concluded that
all the twenty-one complexes, which gave the clathrate,-have
shown fair seleotive.clathrating ability for dipentene..These

complexes have been able to increase the content of dipentene

up to 11-% from the feed to the clathrate.

Part IV :

Since béta-pinene and delta-3-carene have very
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‘Table 3. Initial Investigation on Clathration

Weight % of
Alpha- Delta-3- Dipentene
pinene carene ' o

Feed 35.5 3%.3 33.3
Complex In clathrated terpenes
1..Ni(4-MePy)4(SCN)2 23,2 34,7 42,0
2. Ni(u—MePy)z(scn)2 . 27.2 33,1 »39.1
3, Ni(2Me,5Et Py)q(sbN)2 24,0 34,8 h1,2
b, W3,k In), (SCN), 28.2 34,0 37.8 
5 Ni(n-MePz)q(SCN)Z 23,2 33,4 k3,5
6. Wi(Hy Bt Pz), (SCN), 27.0 33,0 40.0
7. Co(3,k4 Ln)q(SCN)Z 25,4 -'35.1 bl.b
8. Zn(3,4 Ln)4(SCN)2 _ 20.0 35,7 - Lh,2
9. ca(4-HePy), (SCN), 31.2 30.6 - 38.3
10. . Cd (3,4 Ln)4($CN)2 ' 30.0 33,7 36,2
11. Mn(h—MePy)q(SCN)2 30.6 31,4 38,0
12, Zn(u-Meﬁy)q(Ft)Z' 29,2 32,4 36,4
13, Ni(4~MePy)4012 ' 30.6 31.4' 38.1
14._Co(4-MeP§)4012 29.8 32,0 38,2
15, ca(4-MePy)4012 27.8 33,0 59.§f
16. Zn(d—MePy)4012' 29.8 . 33.5 36,7
17. Co(4~iso-PrRy)4($CN)2 37,2 28.7 3h, 1
18. Ni(1,8 p—Md)q(SCN)2  25.5 35,4 39.1

Y

(continued)
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Table 3 (continued)

Alpha- Delta-3- Dipentene"

22,
25.
2k,
25.
26.
27
28.
29.
30,
31.

: .

33,

35.
36.

37
38,
39.
40,

Ni(o-Tn)q(spN)Z,

:ﬁi(n-HX)q(SCN)2

Ni(An Bt Pz), (SCN),

Co(2Me, 58t Py)q(SCN)Z
Co(n-MePz)q(SCN)z

Zn(h—MePy)q(SCN)Z

Mn(2Me,5Et Py)g(SCN)Z

Ni(h—MePy)u(Ft)z
Cd(@-Mé?y)q(Ft)Z

‘00(4aMePy)4(Ft)2

_Mn(4—MePy)4(Ft)2

Mn(u-MeRy)4012
Ni(4—MePd)4(SCN)2
Ni(2,6 DiMe Pd)q(SQN)2
Ni(N-iso-Pr BQ)A(SCN)z
Ni(N,N~DiMe;p;mn)4(scﬁ)2
Co(N, N DiMe—p~Tn)4(SCN)2
Fé(h-MePy)q(SCN)Z ‘

Fe (2Me,5Et Py)q(SCN)2

Complex pinene carene _
19. Co(1,8 prd)q(SCN)Z 264 34,0 39.6
20, fe(h—MePy)q(SCN)z 28.8 ©3L,7 L6,5
21, Fe(3,4 Ln)q(SCN)Q .26.1 33,4 Lo,k
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close boiling points, a mixture of these two terpenes was
worthtrying for separation. Nine complexes were sjudied Tor
the clathration of a mixture having beta-pinene and delta-3-
carene.in almést eqﬁal amount. The resultsAare shown in
Table 4, The procedure and conditions of the clathration are
exactly the same as described in the basic method. Seven
compiexes showed fair selective clathrating ability for delta-
3~caréne b& indfeasing'the delta-3-carene content up to 11 %

from the feed to the clathrate.

Summing up the work of Part I through Part IV, eighty-
eight complexes were tried for the separation of three diffe-
rent feed mixtures by clathration. In féfty-six cases, cla-
thration took place and the analysis of the clathrated ter-
penes indicated that some complexes had fair sélective cla-
thrating ébility for aelta-B—carene or dipentene depending
upon other constituents present in the feed. So, it was
thought worthtrying tb iﬁprove these results by changing
certain variables, selecting a few complexes from the pre-
vious. parts. In the>following parts, an attempt is made to
find out any possible effect of these variables on the com-

position of the clathrated terpenes.
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Table 4. Initial Investigation on Clathration

" Weight % of

Beta- Delta-3-
pinene carene
Feed 50.0 50.0
Complex In clathrated terpenes
1. Ni(4;MeRy)4(SCN)2 Lé,3 53.7
é. Ni(3~MePy)4(SCN)2 38.4 61.5
3, Ni(Lp-MePy)z(SCN)2 4o.8 59,2
ko Ni(n-Bx), (SCN), L6 55.4
5. Ni(3,4 Ln)q(SCN)Z 45,9 54,1
6. Ni(n-MePz), (8CN), 45,7 54,3
7. Wi(P1), (ScN), 45,7 5k.3
8.'Ni(Py)4(SCN)2 - —
" 9.. Ni(2Me,5Et Ry)q(SCN)Ql -— -
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Part V
The purpose of this part was to study the effect of
varyiﬁg the feed size, that is, changing the feed to complex
ratio, on the composition of the clathfated terpenes. The
amount of the complex taken was 0.1 gm-mole and it was held
constant in all cases. Nickel (4mmethy1pyridine)2(thiocyanate)2
was selected as a representativé coéplex because it had shown
some seleétivity towards delta-3%3~carene. The feed mixture con-
sisted of alpha-pinene, beta-pinene and delta-3-carene eaéh
in equal proportions for these tests. Reéults are tabulated
in Table 5. It is easy to conclude that the feed/complex ratio

has virtually no effect on the composition of the clathrated

terpenes. This may apply to other complexes also.

Part VI :
' .In.this part, the temﬁerature‘at which 'c¢lathration

fékes place was changed to see its effeét on the composition
of the cléthrated terpeneé. Several complexes selected from |
Part II were tried with a feed containing alpha-pinene, beta-
pinene and delta-3-carene each in equal prdportions at three-
different. temperatures other than room temperatpre. Table 6
shows all the complexes t;ied at diffefent temperatures éléhg

with the composition of the clathrated terpenes.
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Table 5. Effect of Feed/Complex Ratio

on the Clathrate Composition

Complex Ni(#«MePy)z(SCN)z, 36,1 gms., 0.1 gm-mole

Feed, Weight % of
Feed Size, Complex Alpha-  Beta- Delta-3-
- Weight Pinene pinene carene
mls, :
Ratio
Feed 3%.3 3363 33.3
In clathrated'terpenes
1. 20 0.542 30.8 30.8 38,3
2. Lo 1.084 - 33,4 30.0 36.6
3 60 1.626 31.2 31.0 37.8
L,. . 80 2,168 29.5 32,3 372
5. 100 2.710 32.6 %36.6

30.6
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Table 6. Effect of Temperature on the Clathrate Composition

Weight % of

Temps  pipha-  Beta- Delta-3-

g pinene pinene carene

. Feed 33.3 33,3 3303

_ Complex In clathrated terpenes

1. Ni(4-MePy)2(SCN)2 . 8L 24,6 30.8 - Lh.7
25% 32.5 29.9 37 .6

5 31,6 32,6 35.6

2. Ni(k-MePy), (SCN), 25% 31,4 31,7 37.0
5‘ 32u5 3009 36.6

3. Co(3,4 In), (SCN), 25% 32.1 30.7  37.2
' 5 33.8 28.8 37,k

L, Ni(anx)q(SCN)Z 25% 32,2 29,2 38,5
' 5 33,1 2k .7 42,7

-6 31,8 30,2 37.1

¥ This refers to room ftemperature and results from Table 2.
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A comparison of the compositions of clathrated ter-
penes, when different temperatures are employed for the cla=-
thration, indicates that temperature has some effect but not
a significant influence on the composition of the clathrated
terpenes. A moderate change in temperature does not change

the selective clathrating ability of a complex radically.

Part VIT

The objective of this part was to study any iossi— :
ble effect of varying the feed composition on fhe cémposition
of the clathrated terpenes. Two complexes, nickel(n-hexyl-
amine)q(thiocyanate)2 and niokel(4»methylpyridine)2(ghiocya—
nate)2 were selected because they had shown better results
than other complexes in Part VI. These compiexes were tried
at 5-°C and the ratio of complex to feed was kept constant

as_given'in the basic method.

Table 7 shows all the different feed compositions tri-
ed and the compositions of the clathrated terpenes. In con-
clusion, it can be said that under the conditions of the
clathration employed and for the complexes studied, the feed
composition did not have any remarkable influgnce on the_sei—

ective clathrating abilities of the complexes.,
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Table 7. Effect of Feed Composition

on the Clathrate Composition

Approximate weight % of Weight % of
Alpha- = Beta- Delta-3- Alpha- Beta-
pinene pinene carene pinene pinene

In feed In clathrated ter

Delta-3-
carene

penes

40.0
333
30,0
20,0

10.0

Lo,o
33.3.
30.0

Lo.0
3345
36,0'
20.0

10.0

Ni (n-Hx ), (SCN), at 5 °C

20.0 Cohih - 32,8
33.3 - 33%.1 2k, 7
- Lko,0 29.9 26.0
60.0 19,0 16,1
80.0 10,0 9.2

Ni (k-MePy),(sCN), at 5 °C

40,0

33e5
30,0

20.0 . 37.8  40.0.
3343 - 31.6 32.6
40.0 . 2k, 7 25.8

25.8
Lo 7
bl ,1
64,9

80.8

22,2

55.6
ko b
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Part ViII»:

At this stage; the column of 10.ft. length was
replacéd by a new column éf 15 ft. length in the gas chrom-
atograph to verify the rgsults obtained on the previous
colﬁmn. For this purpose, nickel(h»methylpyridine)Z(thio—
cyanafe)2 complex was studied again with three different feed
compésition;. When the clathrated terpene mixture was analy-
zed with the new column, a peak'of an unidentified compound,
in addition to the peaks of n—pentane,'alpha~pinene, beté—
pinene and delta-3-carene, appeared on the chart paper in
each case. All the results are tabulated in Table 8 and from
this Table it is clear that the uni@entified compound (desi-
gnated by X) is preséntAin a significant amount in the cla-

thrated terpenes.

It was-necessary to identify this compound, as its
proportion in the clathrated terpenes was significantly
large. Two different methods were employed for its identifi-

cation as described in the following part.

Part IX :
. One method involves the use of a gas chromatograph
to identify a substance in a mixture. For this purpose, a

small amoﬁnt of the mixture is taken and a very small -amount
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Table 8. Effect of Feed Composition

on the Clathrate Composition

Complex : Ni(k-MePy),(SCN),, 0.1 gm-mole, at 5 °c

Feed size : Approximately 50 mls.

Weight % in Weight % in

Ru? Constituent feed clathrated terpenes
1. Alpha-pinene Lo.o 36,5
Beta-pinene Lo.0o 39.4
Delta-%-carene 20.0 21.3
X - 2.8
2., Alpha-pinene 30,0 © 14,9
_ Beta-pinene 30.0 _,5.5

' Delta-3-carene 40,0 18.5

X . - 61.0
3. Alpha-pinene 20.0 10.0
Beta-pinene 20.0 9.8
Delta-3-carene 60.0 39.0
X — k1.0

X : Unidentified compound
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of a kﬂown pure compound, which might be guessed for the
unidentified compound,; is added to the mixture. The resultant
mixture is anglyzed on the gas chrométograph and if the guess
is right, an increase in the peakarea of the unidentified
compound will be observed. However, the converse of this
statement is not élways“true. If the unidentified compound
and fhe known compound happen to have their retention times
very close,.then instead of two' separate peaks, one bigger
peak may appear’ on the chart paper. Therefore, other indepen-
dent method musf be employed in addition to this method for

the identification purpose.

In thevpresent investigation, thé unidéntified compound
Was'suspected to be one of the monoterpene hydrocarbons.
So sixlterpenes ana also L-methylpyridine were tried for the
identification by the gas chromatograph method. They were:
(1) p~cymene

(2) Dipentene

(3) Alpha-terpinene

(4) Gamma-terpinene

(5) -Myrcene

(6) Alpﬁa-phellandrene : .

(7) 4-Methylpyridine
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The unidentified compound seemed to be myrcene. How-
ever, as mentioned earlier, this may not guarantee an absolute
identification. So infra-red spectroscopy was also employed

for the identification.

Infra-~-red spectroscopy involves tﬁe passing of infra-
red réys through a compound and recording the absorption or
transmittance of the compound for all the wavelengths encount-
ered in infra~red rays. Much of infra-red work depends on
associating a.particular frequency with a characteristic group
or structural unit and noting also thé maximum intensities of
the corresponding absorption band. These points‘lead into |
the topic of qualitative analysis and structu?al problems.

One way to identify a compound is to examiné it by infra-red
spectrometer and compare its result with that of & known com-
pound which might be guessed for the unidentified compound.

If both the results are guite similar, the unidentified com-

pound is.the known compound used for its identification.

To use this method, it was necessary to obtain the un-
identified compound in the pure form from the mixture. This
unidentified compound was separated from the mixture using

the gas chromatograph as described in the following paragraphs.
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Firstly, the clathrated terpenes (extracted with
nnpentane) were warmed to evaporate most of n-pentane. By
doing’.this, the proportion of the terpenes in the mixture

was increased.

“About 10 microliters of this mixture were injected
into ‘the gas chromatograph instrument. When the peak of the
unidentified compound started to appear on the chart paper, a
U-tube of glass,. kept in a dry ice-acetone bath, was.conne—
cted to the gas outlet of the gas chromatograph. The gas
coming out at this time contained the unidentified compound
along with the carrier gas hydrogen. Thg unidentified—com—
pound was condensed in the U-tube. -This was repeated about
15 times, so that the amount of the unident{fied compound
was about one or two drops, sufficient for infrd-red spe-
ctroscopic test. This unidentified compound was then examined
on an'infra-fed'spectrometef. The ploé 6f’% absorption vs.
wavelength oEtained for the unidentified compound was compar-
ed with that of pure myrcene available from literafufe. (6)
{see Figurehl and 2) The comparison indicated that bqth the
plots showed exactly the same absorption bands at correspond-
ing freguencies. Tﬁis confirmed the identification done on

the gas chromatograph. Thus, two independent methods indicat-

ed that the unidentified compound was myrcene.
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Part X :

When nickel(#«methylpyridine)z(thiocyanate)2 complex
was tried for.the clathration with a feed consisting of alpha-
pinene, beta-pinene and delta-3-carene, the cléthrated ter-
‘penes contained myrcene in a significant prpportiono So, it
was Worthtrying to standéraize the conditions under which

myrcene was obtained in the clathrated terpenes.

The complex to feed ratio was kept the same as in Part
VIII (shown in Table 8) and the clathration was carried out
gt 5 OC. Twelve runs were made with these conditions and the

clathrate was air-dried, applying vacuum, for different

lengths of time,

,Taﬁle 9 shows the compositioﬂs of the cl@ﬁhrated ter-
peneé aldng with the hours of drying. The froportion.of myr-
cene goes on increasing withuan increase in the duration of
drying, up to a certain poiﬁﬁ. This may be explained in the

following way.

At the start of drying, there are some unclathrated
terpenes on the surface of a clathrate which may be a result
of sticking or absorption. If the clathrate is broken at

this. stage, the composition of the clathrated terpenes may
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Table 9. Standardization-éf Conditions for
Obtaining Myrcene in the Clathrate
Complex = Ni(Q—MePy)Q(SCN)Q, 0.1 gm-mole, at 5 °C

Feed size : Approximately 50 mls.

Weight % of

Run 33§§§n2f Alpha-  Beta-  Delta-3-  lyrcene
pinene  pinene  caréne
Feed 33.3  33.3 3343 -~
In clathrated terpenes
1. p 38.0 31.0 31.0 T
2. 3 37,2 26.9 35,9 Tr*
3. 4 32,2 25.5 © 38.0 4,2
y, L3k 28,7 25.0 39.8 6.4
5. Uz 24,5 5.0 55.8  16.6
6. 16% 2.0 0.0 47.6 50.4
7. 22 6.4 0.0 29.7 64,0
6. 2k 21.1 19.0 26,0 33.8
9. _ 36 28.9 8.6 20.3 ho,1
0. 36 . 31.1 L7 21.0 43,2
11. . 50 25.3 23 .4 27.0 2k b

12.. ’60 31.53 11.9 19.6 37.1

* Tr means % of myrcéne was less than 2.0
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not be regarded as the composition of truly (or solely) cla-
thrated terpenes. The comwosition of this truly clathrated |
terpenes can be obtained if the clathrate is broken after
complete remo%al of unclathrated terpenes by drying. It is
apparent that myrcene is selectively clathrated, but its
proportion in first four runs. is small compared to sub-
sequént runs because of incomplete drying. However, further
work 1is desirablé to determine the effect of other variables

on the composition of the clathrated terpenes.

It is concluded that to obtain myrcene in a signi-
ficant proportion in the clathrated terpenes, the following
conditions are suiltable.

(1) Clathrating agent: Nickel(u-methylpyridine)Z(thio-

cyanate)Q, 0.1 gm-mole.

(2) Feed size: Approximately 50 mls.
(3) Clathration temperature: 5 °a.
(4) Drying of the clathrate, atlleast for 16 hours,

following filtration.

Part XI
Since the proportion of myrcene in the clathrated

terpenes was quite large, it was essential to find out the

possible sources of myrcene.
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Two possible sources, which might be thought of, are:

(1) Myrcene may be present in the feed* as an impurity
and is concentrated during the clathration,

(2) There may be a reaction from beta-pinene to myr-~

cene along with the clathration.

To check the first possibility, each of the feed
constituents was analyzed separateiy on the gas chromato-
graph. The results indicated that alpha-pinene and delta-3-
~carene did not congain myrcene but beta-pinene contained some
myrcene, The complete analysis ofAbeta-pinene was

alpha;pinene 1.37 weight %
myrcene 6.é5 weight %

beta-pinene 92.4 - weighf %

Since the amount of the clathrated terpenes was usually
very small (less than 5 mls.), it was considered possible that
myrcene was concentrated during the clathration. One more run
was made to check this possibility. A feed of alpha-pinene,

" beta-pinene and delta-3-carene, each taken in equal proportion,

* The composition of the feed reported in most Tables is
based on the proportion of each constituent mixed to
prepare the feed and the impurities associated with the
constituents are.not taken into account.
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was cldthrated as described.in Part X. Obviously, 50 mls. of
this feed contained approximately 1.08 mls, of myrcene. The
analygis of the clathrated terpenes was:

élpha—pinene 24,0 weight %
beta-pinene 20.% weight %
delta-3-carene 34.7 weight %

myrcene 21.0 weight %

The volume of the clathrated terpenes was about 4.7

mls, and it would contain about 0.987 mls. of myrcene. Consid-

ering the material balance of myrcene, it could be said with
reasonable confidence that almost all myrcene was clathrated
and that myrcene was not generated by a reaction during the

clathration. The following two tests supported this idea.

(1) The unclathrated terpenes, coming out along with
- the filtrate, were analyzea on the gas chromatogréph. The
result was:
alpha-pinene 33.4 weight %.
beta-pinene 3%2.3 weight %

delta-3-carene 5&.3 weight %
It did not contain myrcene at all and its compositionvﬁas
very near to that of feed. This was an indication that all -

myrcene was clathrated.
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(2) To find out whether or not there was a reaction
from befa»pinene to myrcene, it was desirable to clathrate
beta-pinene not containing myrcene. For this purpose, myr-
cene was removed from beta-pinene as described in the follow-

ing paragraph.

Maleic anhydride was dissolved in acetone and beta-
.pinene added into it and allowed with stirring for about 24
hours for completion of a reaction between myrcene and maleic
anhydride. The reaction product was soluble in a sodium
hydroxide solution. A solution of sodium hydroxide was added
into the reaction product to separate out beta—pinené‘as a
hydrocarbon phase. Beta-pinene was then washed three times-
with the sédium hydroxide solution and finaily warmed for
about 15 minutes to evaporate small amount. of aéetone.(B)

. Its analysis indicated that it did not contain myrcene at all,

although it did contain some alpha-pinene as before.

This beta-pinene, free of myrcene, was élathrated as
indicated in the previous part and the analysis of the cla-.
thrated terpenes éhowed»that-there was no myrcene at all,
Thereforé,‘it was concluded that there was no reaction f?qm

beta~-pinene to myrcene during the clathration.
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From the results of this part, it was concluded that
ni’ckel(#-—methylpyridine)z(thiocyanate)2 showed a remarkable

selective clathrating ability for myrcene.

Part XII :

Since it was beta~pinene'only which contained myr-
cene, further work was done .on the clathration of beta-pinene
containing myrcene. The_purpose-of this part was to study the
effect of varying the feed to complex ratio and varying the
proportion of myrcene in the feed, on the composi£ion of the

clathrated terpenes.

Table 10 shows the different feea sizes of beta-pinene
tried for the clathration with 0.1 gm—mole (constant for‘ali
tests) of the complex and the compositions:of the clathrated
terpenes. It is clear that the feed size of 90 mls. is'most
suiﬁable for selective clathrating of myrcene. However, for
é different feed compoéition this may not be the most suitable

size for the selective clathration.

Figure % shows the graphical representation of the
results of Table 10. From this plot, it is clear that maximum .
concentration of myrcene in the clathrated terpenes can be -

obtained when the feed to complex ﬁeight ratio is in the
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Table 10, Effect of Feed/Complex Ratio on the

Proportion of Myrcene in the Clathrate

Complex : Ni(4~MePy)2(SCN)2, %36.1 gms., 0.1 gm-mole

Weight % of

1Feed: Feed
Size, Weight, . Complex Alpha- Beta- Myrcene
mls. s . Weight pinene pinene

’ ratio

15
30
b5
90
200

1h,7
29.4
Wk, 1
88.2

17%.0

0.407
0.814
1,221
2.442

4,800

In clathrated terpenes

6.4
6.65
3.52
0.0

0.0

Le.2
333
50.7

" 28,0

L4o.0o

U5,k
‘g0.0
65.7
72.0

60.0
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range of 2 to 3.

Table 11 shéws the effect of the feed gomposition on
the composition of the clathrated terpeﬁes for a definite
feed to complex weight ratio of 1.221., Figure 4.is the graph-
ical répresentation of the same results. An increase in the
proportion of myrcene in thé feed results in an increase in
the proportion of myrcene in thé clathrated terpenes. Myrcene
is concentréted from 25 % in the feed to about 90 % in the

clathrated terpenes in one clathration stage.

The nature of the curve indicates that it does not
pass through a point of maxima and its slope is always posi-
tive. A further increase in % of myrcene in the feed will
probg%ly'extend the curve almost in a stréiéht line to pass
through the point (100,100). -

It is concluded that nicke1(4~methylpyridine)2(thio—
cyénate)2 has an excellent selective clathrating ability for

myrcene ﬁhen clathration is carried out at 5 °¢ and the clath-

rate is completely dried.
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Table 11, Effect of Varying Myrcene Proportion in the

Feed on its Proportion in the Clathrate

Complex : Ni(4~MePy)2(SCN)2, 18.05 gms., 0.0S‘gm~mole

Feed size

: 22.5 mls.

Feed/Complex Weight Ratio : 1,221
Approximate wéight % of Weight % of
Alpha- Beta-~ Myrcene Alpha- Beta- Myrcene
pinene pinene pinene pinene
In feed In clathrated terpenes
1.,  1.hk2 95.6 3.0 12.55 26.7 60.7
2, 1.37 92,4 6.25 3.52 30,7 65.7
3. 1.29 86.7 12,0 3.64 J14.2 82.1
b, 1.2 81.3 17.5 5.44 9.6 ..  85.0
5. 1.1 7%.9 25.0 0.0 10.4

89.6
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CONCLUSIONS

(1) Various Werner complexes were tried for fhe separ-.-
ation of three different feed mixtures consisting of alpha-
pinene, beta-pinene, delta;Bncarene and dipentene. Several
complexes have shown fair selective clathrating ability for
delta-3-carene -and dipentene as indicated by a 5 to 10 %

increase in the concentration of these constituents.

(2) Several variables such as clathration temperature,
feed to complex weight ratio, feed composition etc. did not
have a significant influence on the compositions of the cla-

thrated terpenes for most of the clathrating agents studied.

(3) The above two conclusions dQlﬁot apply to a rather
exceptional complex viz. nickel(#—mﬁfhylpyridine)2(thiocya-
hate)z. This complex exhibited an excellenﬁ selectivg cla-
thrating ability for myrcene, which was present as an impurity
in beta-pinene. In a single clathration stage, this complex
concentrated myrcene from 2 % in the feed to 61 % in.the cla~
thrated terpenes. For this particular clathrating agent, feed
to complex weight ratio and feed composition had a remarkable
influénce on the composition'of the clathfatedvterpenes.’An
increase in the feed to complex weight ratio increased the _'
proportion of myrcene in the clathratedvtgrpenes, up to a cer-

tain limit. Also, an increase in the proportion of myrcene




g
increased its proportion in the clathrate. Myrcene was con-
centrated from 25 % in the feed to‘about 90 % in the clath-

ratey; in one clathration stage.

(4) Boiling points of beta-pinene (164-6 °C) and myr-
cene (167 °C) are very close and therefore, difficult to
separate by fractional distillation. It is apparent that

.they can be separated by the clathration technique.
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