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XI. dn Investigation on the Chemical Nature of Waz.
By Benjamin CorLiNs Brobpig, Esq.
Communicated by Sir BENJaMIN C. Bropig, Bart., F.R.S., §c.

Received March 30,—Read May 11, 1848.

I1. On the Chemical Nature of a Wazx from China.

THE wax which is the subject of the following investigation, is a substance which
was imported into this country from China as an article of commerce. Its appearance
closely resembles that of spermaceti. It is, like spermaceti, white and, in large
masses, highly crystalline, but differs from it by being harder, more brittle, and of a
more fibrous character of crystallization. The melting-point of the wax is about
83° C. It is but very slightly soluble in either alcohol or ether, but dissolves with
great facility in naphtha, out of which fluid it may be crystallized. This substance
is generally spoken of as a vegetable wax: on looking however into such facts as I
can gather which throw any light on its origin, it seems more than probable that,
like bees’-wax, it is the secretion of an insect. Sir GEORGE STAUNTON, in his “ Em-
bassy to China*,” gives an account of a wax of insect origin, which there formed an
article of trade, and in his work may be seen a drawing of the insect and of the tree
on which the insect lives. Other writers on China give a similar account. In the
Comptes Rendus for 1840+ is a paper by M. Stanisras JULIEN, who gives an account
of this tree wax, and states it to be the work of an insect: where may be found also
a great number of extracts from Chinese writers on agriculture, giving an account
of the insect itself and of the trees suitable for its food ; one of these trees is the
Rhus succedanewm. This same gentleman, M. StaNisLas JULIEN, gave to M. Lewy,
who was engaged in an investigation on these wax substances, a specimen of the wax
from this very plant, which is therefore in all probability this insect-wax. The melt-
ing-point, the appearance and the analysis of this wax, as given by M. Lewy, agree
so exactly with those of the wax which I have examined, that I cannot but believe
them to be the same chemical substance, and that this wax also is of insect origin.

The existence of any other wax-making insect, such as this Coccus ceriferus, be-
sides the bee, is a point of considerable interest in relation to the question as to the
origin of the wax in that insect, and the possibility of the chemical transformations
by which it is produced.

* Vol. i. p. 352, edition 1797.

+ Vol. x. p. 619. The title is “ Nouveaux renseignements sur la cire d’arbre, et sur les insectes qui la

produisent.” See also in the same volume, M. Virey, Sur les insectes qui produisent la substance appelée
par les Chinois, * Cire d’arbre.”
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160 MR. BRODIE ON THE CHEMICAL NATURE OF A WAX FROM CHINA,

The Chinese wax, as it appears in commerce, is a substance nearly in a state of
chemical purity. By alcohol small portions of a greasy matter may be separated
from it, and on distillation it affords traces of acrolein, which is not a product of the
distillation of the pure wax. The impurities however are unimportant.

I have spoken of this substance as a wax; and in truth, although to the eye it
more nearly resembles spermaceti or stearine than ordinary bees-wax, the sub-
stance, nevertheless, which, even in appearance, it more nearly resembles than any
other, is the purified cerin, that is, that cerotic acid of which, mixed with certain
other waxy matter, in a former paper, I have shown the bees’-wax to consist. The
accurate investigation of the chemical nature of the Chinese wax has brought to
light certain curious chemical relations which exist between these bodies, and led to
the discovery of the alcohol of cerotic acid.

Cerotin.

Chinese wax may be boiled for a long time either with dilute or with concentrated
potash with hardly any signs of saponification. If, however, it be melted with the
hydrate of potash, it is readily decomposed. This decomposition is best effected in
an iron basin over a large gas flame or gentle fire. The mass, after the action, is
soluble in boiling water, giving a milky solution. From this solution two substances
may be procured; an acid which may be combined with baryta by precipitation of
the soap with chloride of barium ; and a wax-substance of another nature which is
obtained by washing out the baryta salt with any suitable solvent, such as alcohol,
ether, or naphtha. The soap, after precipitation by chloride of barium, becomes
perfectly clear, and, to obtain the wax-substance which is not combined with the
baryta, the baryta salt is first to be separated by filtration from the fluid, then dried
and pulverized. It is convenient to effect, at first, a partial separation of the salt
from the other matter by washing it out with a large quantity of boiling alcohol, and
filtering the solution hot through linen. After this operation has been two or three
times repeated, the substance, which passes through the filter, is to be redissolved in
the same alcohol and the solutions filtered, in a similar manner, through paper, so as
to separate the small portions of the baryta salt which unavoidably pass through the
linen. The solution is much facilitated by the addition of a small quantity of naphtha
to the alcohol. If the substance be purified by crystallization out of ether and abso-
lute alcohol, its melting-point will be raised to 79°C. Previous to analysis the sub-
stance is to be dissolved in absolute alcohol and ether, and the solution filtered.
This is a necessary precaution, as the naphtha dissolves traces of the baryta salt.
The substance was analysed.

I. 0:258 grm. gave 0'7715 CO, and 0-327 HO.
II. The numbers have been mislaid.

II1. 0:2602 grm., another preparation, gave 0:7785 CO, and 0:334 HO,

which give in 100 parts,— |
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I II. III.

Carbon . . 8155 8176 81-59
Hydrogen . 1408 1425 14-26
Oxygen . . 4-37 399 4'15
10000 100-00 100-00
These numbers give the formula C;, H;; O,.
Atomic weight. Calculated in 100 parts.
Cs,- . . 324 8181
H, . . 56 14:14
0,. . . 16 4:05
396 100-00

This is the formula of an alcohol. Other experiments decided that this was in
truth the class of bodies to which this substance belonged, and led me to adopt the
particular formula for it which I have given. This alcohol I call cerotin. If this
substance be heated with lime and potash according to the method of Dumas,
hydrogen gas is given off, and if the experiment be conducted with care there will
hardly be traces of any other volatile product. In the tube is found an acid. The
experiment requires considerable heat, and I have found that it is best made in a
long combustion-tube, suspended by means of two corks in a large tube of porcelain,
which forms an air-bath. The apparatus is heated by charcoal in a combustion-
trough. In this manner the heat can be regulated with the greatest precision. The
acid having been purified in the usual manner, which it is unnecessary again to refer
to, is a substance highly crystalline in its texture and perfectly resembling in its
sensible properties the cerotic acid from bees’-wax, with which acid analysis shows
it to be identical. The melting-point of this preparation was about a degree higher
than that of the cerotic acid from wax, namely 81°C.

0259 grm. gave 0754 CO, and 0'309 HO,
which correspond in 100 parts to '

Carbon . . . . 7939
Hydrogen . . . 1328
Oxygen . . . . 7'33

10000

This agrees with the formula C,, H;, O,.
Calculated in 100 parts.

Cs,. . . 7902
H, . . 1317
0,. . . 781

10000

I prepared also the silver salt of this acid. The method used for its preparation
was the same as that used in the case of the cerotic acid from bees’-wax.
MDCCCXLVIIL Y



162 MR. BRODIE ON THE CHEMICAL NATURE OF A WAX FROM CHINA.

I. 0°3775 grm. of this salt gave 0'862 CO, and 0-349 HO.
I1. 0'3625 grm. of this salt gave 0'833 CO, and 03385 HO,
which correspond in 100 parts to—

Catbon. . . . . . . o2 6274

Hydrogen. . . . . . 1027 1038

Oxygen and silver . . . 2746 2688

100-00 100-00

I. 0654 grm. of the same gave 0135 grm. of silver. v
II. 0'629 grm. of the same gave 01305 grm. of silver.

These correspond in parts per cent. to—
I. II.
Silver. . . 2064 2074

The formula of the silver salt of cerotic acid requires—
In 100 parts.

Cy,. . . 6266
H, . . 1055
O,. . . 619
Ag. . . 2090

10000

Sulphate of the Ocxide of Cerotyle.

When cerotin is treated in the cold with concentrated sulphuric acid, it is only
acted on by the acid partially and at the surface. If the action be increased by heat,
a reddening of the mass and decomposition take place. If however the cerotin be
taken in a state of fine granular division, as obtained by crystallization out of ether,
and in this condition acted upon by the acid, all decomposition is avoided and a per-
fect combination takes place of the acid with the cerotin. The granular crystals are
to be dried between blotting-paper, and then digested with the sulphuric acid, in the
cold, for two or three hours, sufficient acid being added to render the mixture a rather
fluid paste. The mass is to be thrown into cold water, and washed out with the
same on a filter. As long as the solution is acid the wash-water will go through per-
fectly clear, but when the acid is washed out it becomes slightly turbid. After the
adhering acid has been thus removed, the substance may be dried iz vacuo, and,
when perfectly dry, dissolved in ether and crystallized out of that fluid. In this con-
dition it is perfectly soluble even in water, and dissolves with the greatest facility in
water to which the smallest quantity of alcohol has been added. When the solution
in water has been evaporated to dryness at a low temperature, it remains in the form
of a soft wax.

I. 0'333 grm. of this substance gave 0912 CO, and 0°3915 HO.

I1. 0-3317 grm. of this substance gave 09025 CO, and 0'3865 HO,



MR. BRODIE ON THE CHEMICAL NATURE OF A WAX FROM CHINA. 163

corresponding in 100 parts to—

I. II.
Carbon. . . . . . . 7467 74:20
Hydrogen. . . . . . 1306 12:95
Oxygen and sulphur . . 1227 12:85
100°00 100-00

Owing to the loss of a portion of'the substance I was not able to make a separate
determination of the sulphur. These numbers, however, so correspond to the formula
S0O;, C;, Hy; O4-HO, and so exclude all other probable formulee, as to determine the
constitution of the compound.

Atomic weight. In 100 parts.
C, . . . 324 7431
H, . . . 56 12:84
O, . . . 40
.« o+« o« . . 1285
S oL 16}
436 100°00

Adopting therefore the usual chemical language as to such compounds, this sub-
stance is to be regarded as the sulphate of the oxide of cerotyle, containing one equi-
valent of water, cerotyle being C;, Hj;, the hypothetical radical of the alcohol.

Chlor-cerotic Aldehyde— Chlor-cerotal.

The action of chlorine on cerotin gives us a proof of the strong analogy of chemical
constitution between alcohol and that substance, notwithstanding the wide interval
by which they are separated in the alcoholic series. A body is formed analogous to
chloral ; two equivalents of hydrogen are removed without substitution, the substance
passing, apparently, through the condition of an aldehyde, before chlorine is substi-
tuted. The chlorine produces a similar change in the appearance of the substance
to that which is produced by the action of chlorine on cerotic acid. The character
of wax is entirely lost, and the substance converted into a perfectly transparent
slightly yellow body, possessing the appearance and consistency of a gum-resin, and
which becomes highly electric by friction. The experiment was made by passing
the chlorine over the substance kept melted in a flask by means of a water-bath. The
gas was dried. The action is slow, and the experiment takes several days. When
no more action was perceived, the substance was boiled with water, dried in a water-
bath, and analysed.

" 1. 0'394 grm. of the substance gave 05435 CO, and 0-169 HO.

II. 0-4404 grm. of the substance gave 0°6120 CO, and 0:186 HO,

giving in 100 parts—

Carbon. . . . . . . . 3762 37:89
Hydrogen . . . . . . . 477 470
Oxygen and chlorine . . . 5761 5741

10000 100°00

Y 2
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I. 051075 grm. of the substance gave 1-141 grm. of chloride of silver, equivalent
to 02814 chlorine.

II. 0°7035 grm. of the substance gave 1'574 grm. of chloride of silver, equivalent
to 0'388 chlorine.

III. 0667 grm. of the substance gave 1-489 grm. of chloride of silver, equivalent
to 0°'3673 chlorine.
giving in 100 parts—

I. CIL IIL
Chlorine . . . . 5511 55'10 5507
Cly,,
From these data we may calculate for the substance the formula C54{H13" 0,.
. 402
Calculated in 100 parts—

Cy . . . . 3812
H40% . . . . 4.79
Cllg% . . . . 55.20
O, . . . . 189
100:00

It is very difficult to tell with certainty when the action of the chlorine on the
substance ceases, and I have therefore written the fractional equivalents, which agree
Cly,

H,, 0,.

The analysis determines with certainty that the substance no longer belongs to the
alcohol type; for the addition of two equivalents of hydrogen to the formula would
require above 0'3 per cent. more hydrogen than the quantity found, a kind of error
which is highly improbable.

rather more closely with the analyses than the whole numbers, CM{

Cerotic Acid from the Saponification of the Waz.

The perfect washing out of the baryta salt from which the cerotin has to be sepa-
rated, is attended with considerable difficulty. It is best effected by naphtha-alcohol
or naphtha-ether. The wax acid, after separation from the baryta salt, is to be purified,
first by long boiling with water in an open vessel, to get rid of all traces of naphtha,
and then by repeated crystallization out of ether. In this way the melting-point
may be raised to 78°, 79° C. In appearance the acid perfectly resembles the cerotic
acid, with which it has also the same melting-point. The substance, after long re-
peated crystallizations, was analysed.

I. 0°2632 grm. gave 0765 CO, and 0:3035 HO.
II. 0:2631 grm. gave 0'7626 CO, and 0:3095 HO.
ITI. 0:232 grm. gave 06695 CO, and 0274 HO.
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These analyses give in parts per cent.—

1. I1.
Carbon . . . . 7926 7904
Hydrogen . . . 1281 13:07
Oxygen . . . . 793 7'89
100°00 100-00

The formula C;, H;, O, requires
Cs, . 7902
H;, . 1817
0, 7°81
10000

I prepared the silver salt of this acid.

I. 0°656 grm. of substance gave 0°1335 silver.
II. 0:6635 grm. of substance gave 0°1355 silver,

which gives in 100 parts—
1.
Silver . . . . 20385

I1.

2042
I. 04675 grm. of the salt gave 1'072 CO, and 0-431 HO.

II. 0°4655 grm. of the salt gave 1:0767 CO, and 0:4295 HO,

which give per cent.
I

Carbon . . . . . 6253
Hydrogen . . . . 1024
Oxygen and silver . 27-23
100°00
The formula C;, H;3 O;4-AgO requires
Csq
H;,
0,
Ag

62'66
1025

6:19
2090

100-00

IL.
6308

10:25
2667

100°00

1L
7870
1312

818

100°00

165

There is a difference between the calculated and found amount of silver of about
05 per cent. which I cannot doubt arises from traces of cerotin still adhering to the
acid, notwithstanding all the pains I took to. wash out the salt; for I found that the
amount of silver increased with the purification of the acid by crystallization, even
after I could find not the slightest variation in the melting-point.
made from an acid which was a part of the same original preparation as the above
and of exactly the same melting-point, but which had not been so often crystallized,
gave in two determinations 20°07 and 2009 per cent. silver. It will be seen that the
formula I have given for the acid is confirmed by the analysis of the acid obtained

from distillation of the wax.

The silver salt
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Distillution of Cerotin.

Cerotin requires a high temperature for its distillation. The operation is accom-
panied with little explosions, owing to the formation of a small quantity of water.
The distillate is perfectly colourless to the last, and solid, giving, when pressed
with blotting-paper, hardly a trace of oil ; it resembles in its general appearance the
cerotin itself, but has a lower melting-point, about 70° C.

The distillate also contains a larger per-centage of carbon than the substance. A
portion, melting at 73° C. and purified by crystallization, gave to analysis carbon 83:20
and hydrogen 14'22 per cent.; but it is very difficult to raise the melting-point
much beyond 73° C. At first, from the constancy of the melting-point, I was led to
think that a new oxygen combination had been formed. I found, however, after-
wards that the melting-point could be raised to 79° C.; that is, the melting-point of
the alcohol, a substance of a lower melting-point remaining behind; and there can
be little doubt but that part of the cerotin distils over unaltered, while another
portion decomposes into solid hydrocarbon and water. I found, in fact, that the
amount of carbon diminished as the melting-point was raised.

Distillation of Chinese Wax.

The Chinese wax is decomposed by heat. When distilled, the distillate consists
of two portions ; a wax acid which forms the earlier portions of the distillate, and a
portion which is not acted on by potash, and from which the acid portion may be
separated by saponification. The soap requires to be drawn off by a syphon. I will
first give the analysis of the acid, which is undoubtedly the same acid as that pro-
cured by saponification of the wax itself. The melting-point of the acid may, by the
methods pursued in other cases of separation from the soap, purification and crystal-
lization out of ether, be raised to 80° 81° C., which is probably the true melting-
point of the cerotic acid.

0-2613 grm. of the acid gave 0'7555 CO, and 03075 HO, which corresponds in
parts per cent. to—

Carbon. . . . . 7885
Hydrogen . . . . 1308
Oxygen . . . . 807
100°00
I give here again, for the sake of comparison, the numbers of the formula.
Calculated.
Cy . . . 7902
H, . . . 1317

O, . . . 781

100-00
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The silver salt of the acid, prepared as in other cases, gave to analysis the follow-
ing results :— '
0-3625 grm. of the salt gave 0827 CO, and 0-332 HO, giving in 100 parts,—
Carbon. . . . . 622}
Hydrogen. . . . 1018
Oxygen and silver . 27-61

100-00
I. 0649 grm. of the salt gave 0°139 grm. of silver.
II. 0:626 grm. of the same gave 0°13375 grm. of silver.
These determinations correspond in parts per cent. to—
I II

Silver . . . 2142 21-19
The formula C;, Hy; O3+ AgO requires—
Calculated.
Cy . . . 6266
H, . . . 1025
O, .. . 619
Ag . . . 2090
100:00
Ceroten.

The portion of the distillate from which the soap has been separated by decanta-
tion and by repeated washings and boiling out with water, consists chiefly of a solid
hydrocarbon, one of those substances which have been comprehended and confounded
under the general name of paraffin. It is mixed with a certain quantity of oil, from
which it may be almost entirely separated by pressure in a press between folds of
blotting-paper. If this substance be crystallized out of naphtha-alcohol and then
out of ether, it may be obtained of a melting-point of 57°, 58° C. In this state it is
highly crystalline on cooling, and presents the general appearance of the substance
called paraffin.

I. 02555 grm. gave 0802 CO, and 0:331 HO.

I1. 02593 grm. gave 0'810 CO, and 0332 HO,

which give in 100 parts,— ,
I I1.

Carbon . . . . 8560 8520
Hydrogen . . . 1439 14-23
9999 99°43
These analyses correspond to the formula
Calculated.
Cy, . . . 324 8571
H, . . . 54 1428

————— ————

378 99-99
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This substance may be called ceroten. After the discovery of the alcohol, there
was a strong presumption that the hydrocarbon and the cerotin would be related in
the manner expressed by the formula, the hydrocarbon being the olefiant gas of the

- wax aleohol. It was, however, very desirable to find some method for the determi-
nation of its formula. I investigated, with this view, the action of chlorine on the
substance.

Chlor-Ceroten.

If moist chlorine be passed over the melted ceroten in the manner before described
in the case of the other wax substances, it is readily acted upon by the gas. It
loses its wax character, becomes gum-like, and is ultimately converted into a trans-
parent resin; the substance becoming harder and harder with the increase of the
chlorine substituted, at length becoming extremely hard, and cracking in all direc-
tions, on cooling, on the surface of the glass on which it has been melted. The action
goes on very slowly, but more rapidly with moist than with dry gas. It was continued
for several weeks, until no more traces of hydrochloric acid formed could be observed.

During the operation portions of the substance were taken out at intervals and
analysed.

0'303 grm. of the first portion thus examined gave 0-3495 CO, and 0:0965 HO,
corresponding in 100 parts to—

Carbon. . . . . 3146
Hydrogen . . . . 354
Chlorine . . . . 6500

10000

These numbers agree with the formula C54{ 5135, which requires in 100 parts,
19

Cy . . . 311
Hy, . . . 339
Cly. . . 6530

10000

After an interval of about four days the substance was again analysed.
I. 0:376 grm. of the substance gave 0°4060 CO, and 0-9085 HO.

II. 0°362 grm. of the substance gave 0:3915 CO, and 0'1005 HO.

These analyses give in 100 parts,—

v I In.

Carbon . . . 2945 2949
Hydrogen . . . 291 309
Chlorine . . . 6864 6742

10000 lOO'O(;
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The formula C;, { 333 requires
21

Cy . . . 2943
Hy,. . . 299
Cl,. . . 6758

100-00

After a further interval of several days the substance was again analysed.
I. 04434 grm. of the substance gave 0464 CO, and 0:115 HO.

I1. 0:309 grm. of the substance gave 0'323 CO, and 0-08 HO,
which give in 100 parts,—

I. II.
Carbon . . . 2854 2851
Hydrogen. . . 279 2-88
Chlorine . . . 6867 6861
100°00 100°00

Notwithstanding that between these and the last analyses the action of the chlorine

had been prolonged for a considerable time, the formula shows a difference of only
one equivalent of chlorine.

The formula C;, C{l requires

Cy, . . . 2876
H,. . . 284
Cl,. . . 6840

10000

These analyses determine with certainty the ratio of the hydrogen to the carbon
in the ceroten, and leave no doubt as to the nature of the hydrocarbon. M. Lewy
attempted to take the density of the vapour of paraffin from bees’-wax. He found,
however, that this could not be effected, as the substance was altered, in process of
conversion into vapour, with the formation of a small quantity of hydrocarbon gas ;
the paraffin however remaining white, and the analysis showing no variation in com-
position*. It has been also remarked by others that if bees-wax be repeatedly distilled,
the solid hydrocarbon disappears from the distillate. These observations point to the
source of the oil in the distillation of the Chinese wax, viz. the transformation of the
ceroten itself into isomeric hydrocarbons. In fact, I found, if the ceroten be distilled
and redistilled in a closed tube of the form annexed, that by effecting
the distillation in this manner under pressure, after about two distil- q
lations the distillate becomes liquid and the solid matter entirely dis- :
appears. The experiment after about six distillations was put an end to by the
bursting of the heated end of the tube, when a large quantity of combustible vapour

* Ann. de Chimie, Series III. vol. v. p. 398.
MDCCCXLVIII. Z
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was given off. The oil which had collected at the other end of the tube was a mix-
ture of hydrocarbons of various boiling-points, from 75° C. to above 260°C. No trace
of solid matter was to be seen.

If from the products of decomposition we turn to the analysis of the Chinese wax
itself, we find numbers which are perfectly consistent with the idea that the chemical
position of this body is among the class of compound ethers, where its reactions also
would lead us to place it.

To purify the substance, it is to be crystallized out of naphtha and alcohol ; washed
with ether to remove the naphtha; boiled with water and crystallized again out of
absolute alcchol, in which it is soluble, although with difficulty. Its melting-point is
82° C.

I. 0:2644 grm. gave 0798 CO, and 0323 HO.

II. 02622 grm. gave 0:79 CO, and 0-3205 HO,

which give in 100 parts—

I IL
Carbon . . . 8231 82'16
Hydrogen . . . 1357 1358
Oxygen . . . 412 4:26
10000 100-00
These numbers agree with the formula
Cos - - . 648 8223
Hy . . . 108 1371
o, . . . 32 4°06
788 100°00

This formula affords us a simple solution of the decompositions of this substance
by saponification and by heat.
In the former case,

. N —
Cyos Hygs O4+KO, HO=C54 H;; O;, KO+-C;, Hy O,.

In the latter,
Cios Higs 0,=C;, H;, 0,+4C;, H;,.

It is my intention shortly to offer to the Society another communication, on the
nature of myricin from bees-wax ; but I will now take the opportunity of stating
that I have discovered in the investigation two wax substances of the formulae
Cgo Heo O, and Cyy Hy, O,.



