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PART I
A STUDY OF THE COLOR FURMING REACTION IN
ACETYLSALICYLIC ACID-CODEINE TABLETS



INTRODUCTION

Codeine, an important alkaloid, occurs in opium te the extent
of 0.1 to 3 per cent. It resembles morphine in its general physio-
logical action although much weaker. The alkylation of the phenolic
hydroxyl group of morphine decreases the analgesic, depressant, in-
téstinal, spasmodic, and respiratory activity. Thus codeine re-
quires larger doses to procuce the same effects as morphine, but it
causes less mental depression and is much less likely to lead to drug
addiction. The most extensive use of codeine is for the relief of
éry, irritating cough. Codeine phosphate or sulfate may be adminis-
tered by injection in solution or orally as tablets (1).

For efficient analgesic action, relaxation and sedation, co-
deine in the form of phosphate or sulfate has often been prescribed
with aspirin, caffeine, phenacetin, etc. The preparation of com-
pressed tablets, containing the above ingredients, however, has been
rather a problem to many of the manufacturers, as the prepared tab-
lets on aging become spotted and colored. This problem aroused our
interest, calling for further investigations on the chemical aspect
of the tablets. This paper deals with a study of the effect of
pressure, if any, used in compressing the tablets, on the color form-
ing reaction of the tablets, the possible cause of reaction, and an

attempt at preparing a stable compressed tablet.



FAST WORK

Various workers have studied the resction in the aspirin-codeine
 tablets, and attempts were made to prevent the color formed therein.
According to the Swiss Pharmacopeia, these tablete were prepared
from 0.5 gram scetylsalicylic acid, 0,02 gram codeine phosphate, 0.5
gram phenacetin, and 5.9@ gram starch, However, they turned yellow
after & while. lence Guidini and Sargenti (2) prepared tablets con-
taining 0.5 gram acetylsalicylic acid, 0.016 gram codeine, 0.5 gram
phenacetin, 0.2 gram AL(CH)5, 0.05 gram stearic acid, 0.08 gram
stareh, and 0.03 gram purified tale. These tablets were said to have
stayed white for months and to disintegrate in 30-60 seconds in water
st 15°,

Jordan and Margaret (3) as early a&s 1929 concluded from the ex~
periments on preparation of capsules from aspirin, phenacetin and
morphine hydrochloride that & chemical Mmﬁm probably took
place between aspirin, phenscetin, and morphine hydrochloride, caus-
ing the coloration.

Busse and Patel (L) attempted to prevent the resetion of aspirin-
codeine tablets by using aseorbic scid, and it was found that the
acid could not prevent the reacticn. They wers, however, able to
prolong the stability of tablets by the addition of powdered sugar
or the mixture of powdered sugsr and heavy magnesium oxide in these
tablets.

Various workers have stuiied the nature of degradation of codeine
and its salte. Pedinelll (5) studied the effects of varicus sub-
stances on codeine, base as well as salts, at 100, and found that
prolonged heating up to 100° or heating at the melting point for a
fow minutes alone or in the presence of sucrose or formaldehyde did



not have any effect. However, heating above 60° with lactose, glu-
cose, or gum btragacanth destroyed the codeine partially, whereas al-
most complets destruction oecurred on heating with sodium sulfite or
hydrogen peroxide.

Cahn and Robingon (&) oxldised an ice-cocled 0,5% solution of co-
deine with one per cent uqmmi permanganate leading to the addition of
two hydroxyl groups to the ethylenic linking of the molecule at 67 and
Cg, and the produet is dihydroxye
WQMMthmt. The nature of this dark brown

sodeine (a) which was separated

residue was, however, not x&gg:
- ,7' 2
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Holmos and Lee (7) oxidized codeine with a solution of chromic
anhydride in dilute sulfuric acid and obtained hydroxycodeine which
were "rosets of yellow leaflets" with a yleld of 15%. The structure
of hydroxycodeine was, however, not determined. MNoreover, they oxi-
dized acetylcodeine under the same conditions and obtained hydroxy-
codeine, together with codeinone (b).
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David (8) studied some 13 alkaloids with respect to the color
changes produced by the action of a mixture of "Hagnol" powder (basie
magnesium hypochlorite) and acetic acid in contact with concentrated
sulfurie acid, Five milligrams of the alkaloid and 3 cc of the re-
agent (0.2% "Magnol" powder in acetic acid) were rubbed together in
& small porcelain mortar with a glass rod to complete solution, then
carefully "layered" on 3 cc of concentrated sulfuric acid in a eylin-
der of Jene glass. The color changes were thereupon observed over a
pcrs.éd of 22-23 hours and tabulated. The final resction for codeine
was the formation of a greenish brown ring.

Dietzel and Sollner (9) found that oxygen acts as a weakly oxi-
dizing agent on codeine only after protracted treatment; on heating
under pressure, however, codeine suffered important structural
changes, forming among other things a hitherto unidentified substance
which strongly absorbed ultraviolet rays. They stated that the forma-
tion of a pseudocodeine (analogous to pseudomorphine) could not be
detected, a fact theoretically to be expected.

The discoloration of varicus salts of codeine, codeine in dif-
ferent gases, codeine solutions of varying pi values, sclutions at
varying temperatures and codeine ester (acetylcodeine) wers studied
by Dietgel and Stadelmann (10) by exposure to ultraviolet light.
Among other findings, it uppmr?d that the discoloration of codeine
in ultraviolet light was :Lndapnzndmt of the solvent or the pil of the
solution. The salts of codeine showed the same behavior as the base.
The discoloration was based on oxidative action, the rapidity of
which was markedly accelerated by short wave ultraviolet light and
elevated temperatures.



DISCUSSION "

As there had been controversy as to the cause of the color form-
ing reaction in aspirin-codeine tablets, tablets containing differ-
ent combinations of the ingredients were made and the results were
observed. As it was considered that the amount of force used in com-
pressing the tablets might have some effect on the formation or rate
of formation of color, the tablets were compressed with different
forces. /

As it was observed that all teblets containing codeine phosphate
were colored after some time, and all others not containing codeine
remained white, it was assumed that the change taking place in the
tablets was due to the degradation of the codeine molecule, Atten-
tion may therefore be given to the chemistry of codeine.

The following structure for codeine, a methyl ether of morphine,

due to R. Robinson (1525) is now ggperally accepted.
ji~Gr
2

From the above formula, it is evident that codeine possesses
two functional groups, namely & ?ertiary amino and an aleoholic hy-
droxyl, and an ethylenic bond at 07 to Cg, which are susceptible to
oxidation. As a result, the deterioration of aspirin-codeine tab-
lets is probably due to the autoxidation of codeine. Some of the
oxidation produets were already mentioned in the introduction. Fur-

thermore, ring A, which is a derivative of catechol, might be



oxidized to form a colored degradation product. Ueterioration even

in the absence of oxygen might also take place by means of peroxida-
tion or polymerization through the oxygen of the oxide grouping which
could be reactivated by light and metals ions. This is probably the
case when codeine tablets are colored after being compressed with such
antioxidants as ascorbic acid,

All autoxidations are caused by free radicals (i. e. molecules
or atoms with unpaired electrons) which are capable of starting a
echain mechanism. Robertson and Waters (11) in their study of the
autoxidation of tetralin divide the autoxidation catalysts into two
groups: (1) "initial catalyste" which attack the hydrocarbon, ab-
stracting hydrogen and producing an active radical and (ii) "seconda-
ry catalysts," such as salts of copper, cobalt, ete., which promote
the decomposition of the hydroperoxide and thereby increase the
steady concentration of aective radicals. Hence antioxidants may be
divided into two typest (i) chain terminators sueh as ascorbic acid,
sodium sulfite, hydroquinone, and (ii) anti-catalysts such as seques-
trene and other metal complexing agents.

The fact that ascorbic acid is essentially a chain terminator
would probably account for its failure to prevent the deterioration
of aspirin-codeine tablets. Kellie and 71lva (12) reported that cop-
per and iron in very slight traces catalyzed the irreversible oxida-
tion of ascorbic acid dissolved in ordinary distilled water. Barron
et al. (13) showed that the eatalytic action of copper on the oxida-
tion of ascorbiec acid to dehydroascorbic acid was noticed in concen-
trations as small as L.6 micrograms of copper per liter.

In view of the fact that both ascorbiec acid and sodium sulfite



failed to prevent the formation of color in aspirin-codeine tablets,
it was assumed that the tablets contain one or more metallic im-
purities in free, oxide or salt form that might have come from metal-
liec containers. Hence the use of such anti-catalysts as would be
able to tie up the metals was considered.

1t may also be mentioned here that the protective action of
sugar on the oxidation of aspirin-codeine tablets (5) and codeine
and its salts (L) is probably due to the anticatalybic actionof the
carbohydrate. 1t was reported by ‘hamrai (1h) that the stabilise~
tion action of cane sugar on ascorbic acid was due to the exclusion
of the catalyzing action of copper traces, by forming ecopper saccha-
rates., Lieser and Ibert (15) gave the formula for copper complexes
with glucose, galactose and fructose as Cgiyp0glug.

Various workers have studied the complexing sction of certain
organic compounds on metals. Huclin and Stephens (16) reported that
in pnmnum phosphate buffers the rate of oxidation of ascorbie
acid in solution increased with copper concentration, and that ox~
alic, malic, citric, and tannic acids inhibited copper catalysis.
Martell and Bersworth (17) showed that heavy metal and alkaline
earth metal ions reacted with the alkali metal salts of amino acids,
such as ethylenediaminetetraacetic acid to form complex ions or che-
lates. From measurement of the absorption spectra for cupriec ion
complexes with various substituted carboxylate ions, Klotz et al.
(18) observed a marked imré;u in the formation of complexes of
cupric ion with citrate ion. He remarked that the affinity of the
organic ion for the metal ion comes not only from electrostatic
attraction of the negatively charged substituents but also from the



statistical effect of having three carboxylate groups available to
the cation. Sarma (19) also found, from conductometric measurements,
that in dilute solutions a complex of copper and tartrate ion in the
ratio of 1:1 was formed., It was reported by Bobtelsky and Jordan
(20) that salts of hydroxy carboxylic aecids like citrie and tartarie
acids can complex with copper and cobalt salts in agueous solutions.
The structure for such a complex was formulated as follows:

Co0 1,0 000 0
cios 3. :M{::a .w%mizw}‘) lie" (—a:a
bisou H,0 !ﬁig \aeo
boo g

Tartrate Citrate

where He" stands for a divalent metal having a coordination number
of six.

It was therefore hoped that a codeine salt of such acids would
be able to complex with metalliec impurities, such as copper or iren,
in a similar fashion, and thus prevent the color-forming reaction
when it is compressed into tablet form.



EXPERIMENTAL PROCEXDURE

Apparatus and Chemicals.
All tablets were compressed with the Stokes model A-3 single

punch tablet machine, instrumented for measuring compressional force,
and fitted with a 3/8 inch flat-headed punch and die set.

Agpirin, free flow orystals (Mallinckrodt)

Phenacetin, USF (American Fharmaceutical)

Codeine (Mallinckrodt)

Codeine phosphate (lerck)

Citric acid, USP (Merck)

Tartaric acid, USP (Chas. Pfizer and Co., Ine.)

d,1-Halic acid (Eastman Kodak Co.)

Preparation of Codeine Citrate, Tartrate and lMalate.
Approximately equimolecular amounts of the base and the aeid

were dissolved separately in acetone and the two solutions mixed to-
gether. The precipitated salt was filtered off. The filtered pre-
cipitate was recrystallised from dilute aleohol., The codeine citrate
was & white powder (m.p., 174~6°). In the case of the tartrate and
malate, both salts were hygroscopiec; hence they were discarded.

Titration of Codeine Citrate.
Codeine citrate was titrated with perchloriec acid in glacial

acetic acid in order to determine the ratio of codeine and citrie
acid in the salt. Methyl violet (0.2 gram in 100 ml ehlorobenzene)
was used as an indicator. An aw;mtaly decinormal solution of
perahlnm acid was used and was standardized against potassium acid
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pathalate. The analysis of the codeine citrate shows that it is
formed from codeine and eitric aeid in the ratio of 1:l.

Compression of Tablets.
The following formulae were used in compressing the tablets.

The formulae were lsid out in the same proportion as in commercial
tablets; i, e., aspirin, 3% gr; phenscetin, 24 gry and codeine salt,
% gr. The weights were increased proportionately so as to fill the
3/8 inch punch used in coupressing the tablets.

A. Aspirin (F. 7.) 0,370 gu.
Codeine phosphate 0.027 gm.

B. Aspirin (Dow) 0.370 gme
Codeine phosphate 0.027 gm.

C. Poenacetin 0.270 e
Codeine phosphate 0.027 ga. [ welght of each tablet = 0,320 gm.
Stareh paste 10% q.s, \

De Aapim (ro yo) 0.23 Eile

Phenacetin 0.16 Eile
E., Aspirin (Dow) 0.23 ga.
Fhenacetin 0.16 gm.

¥ ‘!Fil‘lﬂ (?n ?.) 0.370 Rl
Codeine citrate 0.027 gm.

G, Foenacetin 0.270 gm.
Codeine citrate 0.027 gm. > weight of each tablet = 0,320 gm.
Starch paste 10% q.s. }
In mixing the ingredients, the required amounts of each particular
formula to make 15 tablets at each compressional level were weighed,
and a small amount of each was introduced in a wide-mouthed botile
and shaken., Uniform admixture was thus assured. In formulae 4, B, D,
E, and F, no starch paste was used, as aspirin, either in erystalline
or granulated form, was prnm;. in the mixtures, thus enabling them to
be easily compressed.
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In formulae C and G, 10% starch paste was used, as all the in-
gredients were in the amorphous state. After the ingredients were
thoroughly mixed in the above manner, the homogeneous mixture was
moistened with the 10% starch paste until the moist mass could be
squeezed into & ball which would not crumble when broken. This ﬁu
was then forced through a No. 12 sieve. The granulation was then
placed in an oven and allowed to dry. When the granulation was thor-
m:ghiy dry, it was ground gently in a mortar to obtain finer and more
uniform granulation for compression. Yo disintegrating agent or lubri-
cant was used. Ten tablets of each iun compressed, veing a 3/8 inch
punch with the “tokes tablet machine. The compressional forces used
varied from 500 to 3000 pounds per tablet. Formulae A to L were com-
pressed at compressional force levels of 500, 1000, 1500, 2000, 2500,
and 3000 pounds per tablet; formulae F and G only at 3000 pounds per
tablet.

The compressed tablets were put in separate open vials which
were then kept in an oven at LO + 1’. A beaker filled with water was

placed in the oven go as to saturate the oven with moisture.



RESULTS AND CONCLUSION

The tablets were observed for any change in color over a period
of two months. The results of this observation are shown in Table 1.

From Table 1, it is observed that tablets containing codeine
phosphate were all colored. The color was spotted brown. Those pre-
pared with codeine citrate were more stable. The tablets which were
compressed at different forces and which were colored showed no dif-
ference as regards the color change, except that at the start of the
color reaction, the intensity of color developed in tablets compressed
at lower forces was slightly less than that developed in tablets com-
pressed at higher forces.

It is also observed that tablets prepared by formula C developed
less color than those prepared by formulae A and B, Similarly, tab-
lets prepared by formula G developed less color than those prepared
by formula F, This is probably due to the use of starch paste in
granulating tablets of formulae C and G, the starch particles forming
& protective coating around the codeine salt in the tablets.

It is therefore concluded that the color-forming reaction in
aspirin-codeine tablets does not appreciably depend upon the amount of
force used in compressing the tablets; it is probably due to the
autoxidation of the codeine molecule and can be prevented to a consider-
able extent by using codeine citrate instead of codeine phosphate,



Teble 1.

Color Formation in 3/8 Inch Tablets Compressed with

Different Forces

Compresesionsl Number of weeks the tablets were
¥orce kept in the oven

Formuls {lbs, per teblet) 1 2 3 4 6§ 6 ¥ B
A 500 B T - I S R
1000 - e A e
1500 - % A R e R R e
2000 I e o o = = S S S
2500 B A o 2 o R 5 AR S R o
3000 B = = A = = S = S S
B 500 B - L o o S
1000 - % A e M M M

1500 -t P e M e

2000 - + A e e bt
£500 B e o s = = R S S A S
3000 -t A A A e

¢ 500 - - + O+
1000 - - + ++ A H

1500 - - T = S S

2000 - F A A

2500 - % P 9

3000 B T = S = S S = R S

D - 600 - - - - - - - -
1000 - - - - - - - -

1500 - - - - - - - -

2000 - - - - - - - -

2500 - - - - - - - -

3000 - - - - - - - -

E 500 - - - - - - - -
1000 - - - - - - - -

1500 - - - - - - - -

2000 - - - - - - - -

2500 - - - - - - - -

3000 - - - - - - - -

3000 - - - - - - -+
G 3000 - - - - - - - +

+ indicates browning

i

indicates no change
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(1)

(2)
(3)

(L)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)

(13)
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(15)

(16)

(1i7)
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FOR SPIRITS OF CAMPHOR



INTRODUCTION

Although spirits of camphor have been used for many years, no
rapid and accurate method for their assay has been advanced. In this
paper, & rapid quantitative spectrophotometric method of analysie i

reported.

PAST WORK

All of the assays reported Ly Wanﬂm have buen mostly
extraction, gravimetric, volumetric, and a few instrumental types.
Some of the typical assay procedures are described below,

Among extraction procedures, one reported by Jumeau (1) involves
the salting out of the camphor from hysi--alcoholie solubtion with
saturated lead acetate solution, redissolving the precipitate in ether,
and evaporating the ethereal solution. The residue is then weighed. In
a similar method reperted by Vieth and Bilhuber (2), it is stated that
the recovery of camphor varied from 97 to 99 per cent of the theoretical
amount. OUori {3) used carbon tetrachloride instead of ether as the
extracting liquid. The prinecipal disadvantage in these methods is that
camphor, being a substance which volatilizes at all temperatures, may
be lost curing evaporation of the solvent.

In another similar procedure, presented by Kollo (L), camphor was
extracted in a known volume of ether. A 10 ml portion of the ethereal
solution was weighed. A blank was run by using 70% aleohol instead of
the .mlc. The concentration of camphor in the sample was determined
from the difference between th; weights of the ethereal extract of the
spirits and of the blank., In this procedure, there 1s the possibility
of extracting varying amounts of alechel in the ether layer, due to
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differences in the aleohcl concentration between the samples and the
M,Mt%hwlmatuwlw,mwmmnf
camphor in the sample.

Varicus workers have reported a gravimetric method of analysis of
spirits of camphor by m‘f.ﬁhﬁm it with 2,l-dinitrophenylhycdrasine
and weighing the hydragone. The latest procedure modified by Conroy (5)
and adopted by the . F. 1X, claimed to give & recovery of 59.Ll to
$9.57 a8 studied by Corbin and Ureen (6). However, according to ¥it-
chell (7), the results obtained by various workers show an securacy for
this procedure of no better than §8.5 # 1.5 per cent. The low results
may be due to the steric hindrance around the GO grouping of the camphor
moleoule and the resultant incomplete resction, or to decomposition of
the hydrasone. The mein disadvantage of this metuod, other than incom-
plete recovery of the camphor, is that it is time-consuming.

Bryant and Smith (8) reported an scidimetrie titration method for
the determination of & mumber of carbonyl compounds, including caaphor,
oximation takes place according to the equation:

RCOR' 4 HgNOHSHCL— HRIGHOH o HCL 4 Hg0,

The liberated acid was then titrated with a standard alkali. The

main drawback to this method is that while simple or active carbonyl
W&mtmnﬁmmmﬂmumsm,m
more stable and sterically hindered carbonyl compounds require several
nours at high temperatures. The analyticsl data reveal that a 0.5 gm
mleaf&mhwmimﬁ%:kﬁhwmﬁ&ammyat
93.5 per cent and § hours at 98-100° with a recovery of 98.8 3 0.2
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per eent of the theoreticsl amount. Furthermore, in the visual titration
of the released acid, the precision and accurassy depend to & large ex-
tent on the ability of the analyst to mateh the end point with that of
the blank. Under favorable conditions, the relative error is at least
%1 per cent.

In a quantitative assay method of spirits of camphor reported by
#, Bataille (9), water was added to 10 ¢c of the sample until a perma—
 nent precipitate formed. From the amount of water added, which was
called "index of preeipitation,” the concentration of camphor in the
sample was caleulated.

An instrumental method, offieial in the U.0.P. IX and X, was re-
ported by Collins (10). This method was based upon the degree of rota-
timufumrm&#ﬁmu@m&mﬂﬁymat:mhﬁmgm The
disadvantages of this method are that the presence of optically active
impurities would interfere with the deternination, that the sxtent of
rotation depends on thé composition of the solvent, and that this method
cammot be applied to the assay of spirite containing synthetie eamphor,
wiich is optieally inactive.

Another instrusental method, invelving the use of two physieal
comstants, namely the refractive index und speeific gravity, was pre-
sented by Flein and Foe (11). This method is relatively simple and
rapid, as the concentration van readily be read from a ehart construeted
from determinations of known samples. However, the authors elaim am
seeuracy for this procedurs of about % 1.8 per cent of the theoretical
amount. Difficulties in usia; this method arise from the faet that re-
fractive index and specific gravity change slowly with changes in
camphor concentration. For example, at any constant specific gravity,
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the refractive index changes enly about 0.0010 units when the relative
camphor concentration is varied by 10 per cent.

DISCUSSION

In view of the inconvenience and insccuracy of the methods hitherto
proposed or adopted, & more rapid and accurate method was attempted.

As it has been known that an active methylene group ean resct
‘with bromine, a bromination procedure for the assay of camphor, which
is a cyclic ketone, was contemplated. It has also been known that
monobrominated camphor was prepared by the bromination of camphor in
methyl aleohol on a water bath for 3 hours with a yleld of about 65%
after recrystallisation (12), Camphor was brominated according to the
following reaction:

=0 =0
Hy + By > Hpr + HBr

It was hoped that, if camphor could be quantitatively brominated
with an excess of bromine solution at room t;u;smture, the assay could
be effected by just determining the excess bromine left after the
reaction. ience the following experiment was carried out.

A solution of less than 0.5 gm of camphor was mixed with excess of
bromine solution in a 250 ml Eg*lmmr flask; it was protected from
light by being wrapped in aluminum foil. Acetic acid and CCl) were
used as solvents. The mixture was stirred for more than 5§ hours or
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left overnight. The experiments were performed at room Lemperature,
as both camphor and bremine could be lost &t high temperatures. The
mmumuanmnmmmhm
ated odine titrated with & stendard sodivs thiosulfete solutiens Mo
brosination was found %o have taken place. The failure of this experi-
ment, was probably dus to the fuct thet camphor very weakly enclised in
sclubion, ot Least under the cirounsbasces of the experisent. Keplace-
ment of hydrogen in the oL position to the ~CO- might readily take place
hydresine method. lappin end Clark (13) reported a genersl method for
the determination of traces of carbomyl compounds. This method is
based on the color formed when & 2,l~dinitrophenylhydrasone of a car-
mxmumuu.mmumm
reaction: : :

A e O
: NO, NOp :
et T
o, © NO, |

The absorbancy of the eoloved solutien is measured ab the maximn
wavelength. A blank determinstien is made simultenceusly using earbonyl~
mmnmaﬁ-m
mmmwwmmuaﬂm Two
wmwﬂﬂﬁ”ﬂ*m&”‘mate&iof&me
peak at 476, as presented by hppin and Clark. In this connection, it
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nay be neationed here tat Fool et al. (1k) reported & similar quantita-
ﬁnmbw&;ﬁowu&amm
mwwmmmmmwmam
mu for the slkaline selution of the ¢initrophenylhydragones of carbonyl
which is also contrary to the results obtained by Lappin and Clark, How-
evet, in this case the blank determination is made by using bensene,
whieh is the eluant, Furthernore, a decresse of 6 per cent in sbsorbance

-mmmmmumnmzmmmmm

mwwmwuam,mwm
-mmm»maunu.ummrmhmm
mmeMnﬂM mmmm
mmumthmmam
1 and 2.
mm.m-mumumnmm
WM:M”NW&W“M‘.
of camphor. Mmmwmhwmum
photometry. M,ml&tﬂniﬁnhmhmamm
the assay mersly consists of dflubing the sample with a suitable solvent,
mmvmuw‘w~m-¢m-mmm
sorbance of & golutic of known concentration. The ultraviolet absorp-
MW“W“*WH‘WM”
given in figures 3 and ke ,
mammmtmmmmw
as solvent. When the absorption of solutions of camphor in different
wmmmmummww
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concentrations. As a pure solvent was therefore considered desirable
for spectrophotonetric deteruinations, & Frocedure for extraction of
whtmﬂuﬁmaﬁm One ml of spirits of
mmmmsammumtsuwu
of water in a separstory funnel. mmmimmm
mm-«:amms.uwmogmh” ;
mw«.mwwummmm
This method, though simple, proved to be a failure, as the results of
several experiments show an error renging from + 1.8 to + 3.0 per cent
of the theoretical smount. m-mmmmummn
either the solvent during the process of shaking the mixture in the
separatory funnel, or the influence of & slight amount of alechol, which
might have been extracted in the non-polar solvent.
The results of this experinent are shown in Table 1.

Table 1. wuamamam
wmuw

= _we . »
2 anhydrous Ngs0, 3.0
o ' annydrous ¥gsO) 1.8
50 anhydrous K2C03 2.8
) anhydrous Ngso, 183
70 anhydrous gi0), | 2.6

As a result of an cbservation of changes in the ultraviolet
spectrum with difference in the composition of solvent, & study was



2k

made as to the extent of these changes and the possibility of finding a
mmumm Different alcohol con-
mmummmmmmum
mmmmm.:bm:mumm. It
was observed from such a study that the wavelength maxina shifted to-
mmmnmmmummmm
mmuumummmnm
hol in the systems, (MW&!&!MSI&‘)- It was also
mmtmmaf.mmmummo:
e.ﬁ.?mlmmmhmmwlnm
wu‘uwmmn\mum mwum-x-
uhd(v/v).mndmi:ﬁpmmm-umo.m,
mu“mnhmhmm ‘Taking into account
MM“W&WIQ“M&Q&WM&]&W
the spirits for spectrophotometric measurement in which the aleohol con-
centration is less than 90F. Since the alcohol comcentration of offieial
_wnumummtmmuwmnumu
.ummmtumwmmm
mmgmuwmummmuum‘m Further-
m.ummmumkmmﬁu*
18 10 per cent (official limits range from § to 11 per cent), the spir-
tumumﬂwnmmm-mmum
swmc.smm,mummmm
mﬂmmmmnmuumwm



.mmmuxmm.mwuw
mmwmnmm

ummmmmammw
mmu&nmmmxnm
cells. , '

memuu¢ua—n.t.w
equipped with ultreviolet aceessories, using 1 em silica cells.

Water conbent of absclute alechol was determined by Karl Fischer
Titrimeter. e

Beagents.

Aloohel, sbsolute.

2,k-Dini trophenylhydragine, the Matheson Co., Inc., Fast
Rutherford, N. J.

The kinds and mtfi’ninwmu follows:

(1) Camphor, synthetie, refined, U.S.P., E, I. Pu Font de
Semours and Co., Inc., Wilmington, Delaware,

(2) Camphor, M U.8,P.y W, N, Messer Corp., N. Y.
(3) @-Cauphor, Hastasn Kodsk Go., Rechester, N. Y.
(L) é-Camphor, U.5.P,, Magnus, Habee and Reynsrd, Inc.

hmuwmmwwm
ummuﬂluﬁinmm Five grems
ummwunﬂnm flask and diluted to

volume with Uu5.P. alechel. hqlﬁdm.tmm'u
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determined in 1 decimeter cell. a--umm-:m.—-
nmmmmmm

["‘Ja " %"

’ s.hWMhmahm
»nmumnmm

1.-&.1”&.1&“0&“&&,
a.hmamm

un.ul
mmam«aﬁnmum
nlofm

The melting points of synthetie and natural camphor are about
175° ana 180° ¢ respectively. MMWM‘M“
phor used in this assay is b1° at 25°.

mum(mmu&muu)mwmm
mn: To make x% aleohol concentration, x ml of absolute aleohol
mwmgmawhunmdmmu
mw.;mamusmumw
mmm'numnlhdhm‘mwm-

traction had taken place (at room temperature). Then the solution was

made bo the mark with water.

Mmmauﬁn@mﬂamnam
sulfurie seid. a-mmmmmum It was
mnmau!m«mmmmm—
duced with eaution. nwmn“mum
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tated solid was filtered off, washed with water until it was free from
acid, dried in vacuun desiccator, and either crystallized from Skelly
Gumumlnc
'Mmmamm‘wmuaSMmm'
over which a 3 3/ inch funnel was inverted. The watch glass was heated
at sbout 10", mmuwmammmm

" About 0.5 gram of eamphor was teken in & best tube and sbout 1 ml
of concentrated sulfuriec aeld was added. Commereial camphor, both syn-
thetie and natural, gave an imuediste disccloration, first tuming yel-
low and then desp brown. Both types of camphor, after purification,
gave a colorless solution with sulfurie acid.

mwmmwmmxmamnm
parts of 25% hydroehloric acid. About 0.25 gram of camphor was treated
with about 1 ml of the reagent and the mixture heated on a steam bath.
Synthetic camphor, before or after purification, gave no coloer reaction,
 while natural camphor, befors purification, gave an intense blue or
green coloration within § to 10 minutes. Natural camphor, after puri-
© fieation, gave no coloratien. '

mammmm&xuwgmm
uumnwmuamumwmwa-
lutions to voluse. The solutions weve then filled inte 1 cm silics
mammmmu&mmm



st the neighborhood of the maxina and at the rate of 1 mu per division;
 the slit width was sbout 1 mm. The respective aleohol solutions which
m used as solvents were used as references.

After the wavelength maxias were known by the above procedure, the

' absorbances of the solubions of camphor were debernined with the Beck-

. man Spestrophotomster using 1 em silica cells and a slit width of 1 mm
ltthmnﬁﬂﬁhd% The results of wavelength maxi-
ma and sbsorbances of solutions of camphor are shown in Table 3 and
Figures 5 and 6. :

A-umumumwm;ummww«
nh'.lh, mw-:muammmmm
0.1 to 0.k per cent in 85% aleohol were prepered and thelr sbsorbances
determined, Both natural and synthetic camphor, U.5.P., were used for
_tais purpose. The results of this experiment are shown in Tebles L and

mMummmmumm
mmumnﬂna—hhtmmwun
ul volumetric flasks. To the flssks were added 37.5, 40, k2.5, and LS
nls of sbsolute alechol. The solubions were then made to volume with
water, and mixed.

One ml esch of the prepared spirits wes measured into & 50 ml






The results of the experinents mentioned above are shown in

~ The visible sbsorption curves for asetone and camphor ss de-
given in Piguves 1 snd 2. The sbsorption curve for acetone was simi-
lar to that of camphor, except that the pesks of absorption in the
shorter wavelength region were at 430 and k10 mu respectively.

Commercial samples of natural and synthetic camphor give differ-
mmnﬂ’,mmmwnmu
same value. {(See Teble 2). It follows that measuring the sbsorbance of
camphor from any source is & useful eriterion of its purity. Helting
points of both types of eamphor increase sfter purifieation, elightly
in the case of naturel end significantly in the case of synthetic cem-
 phor. The dlsorepancy miy be due to he fuct that the comsereisl san-
is supported by the fact that both types of camphor give positive test
with sulfurie scid (15) ané that naturel comphor ﬂ; positive test
with vanillinehydrochlorie seid reagent (16). The discoloration
mmummum@umdmm
mmmwmmnmmuu
mwﬂlmqm. mmuww-mw
Mwwmumumu

u/nmmm The possible fmpurities

ummmwmm%



n

eugenol, cinesl, d-pinene, safrol and acetaldehyde, which are the gon-
stituents of the oil of camphor (18); in synthetic camphor they are

~ pinens, bomyl chloride, camphene, isobornyl scetate and isoborneol,

* which are the intermediste procucts during the technieal produetion of
-camphor (19). However, these impurities cause no sbnormality in the

shape of the ultraviolet absorption spectra for both natural and syn-
thetic camphor obtained from commercisl sources.

From Table 3 and Figure 5, it is cbserved that the sbsorption
mmmmmmmuﬁ.mw
_mm Furthernore, from the sane table and Figure 6,
unmm«ul'muummmm
It is probably due to the formation of a hydrate of camphor in hydro-
aleoholic solution, wilch absorbs more strongly than camphor in alco-
It has been reported (20) that sbmormalities in the ultraviolet ab-
sorption spectra of alechol and aqueous solutions of earbonyl com-
MMM\.W“W&WMW,
extent of waich can be estimated from absorption measurements.

nwmummmummmum
nnmwmmmummmnm
lute aleohol it is 290. (Mﬂmi&lﬂ’ The difference hers

mumuwmdmumn
absolute aleohol.

mmuma«.«ma&iumm*
In 100% sleohel, all cangior is 4 m of free carbonyl and an
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. alooholate. When a small amount of water is added, a large portion of
camphor is converted into a hydrate. This phenomenon is seen up to
thMMuaWﬁ“”hmd!
more water does not cause the hydrate formation as much as in the former
case.

mmku;,umummwumum
mum*mﬁammuummmum
Mmmmmu-ﬁummto.xuunm
in 85% aleohol.

It can be seen from the results of assay in Tables 6 and 7 that
the difference in alochol concentration in the spirits of camphor does
not affect the assay. The reason for this is due to the dilution of
the sample fifty times, so that the final concentration of water or
ing solvent.

umm-«.wnmwumh
~»muumwmmm~»mmmm
ttnhtimofmvm‘mn.m-hﬁbht.-
This method of assay gives results which are within £ 1% of the theo-
mmgwmr.mﬁmmwmm
- about 3% too low. nmﬁ—‘m;wm}dhmuh '

about tairty minutes, : '» ‘considerable saving in time over
nmunmm&ghﬂmwmm
J -t‘untm.ﬂb-u.z
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':' hnnmmnms“—nwwhm
mwhwﬂwﬂ&mmnﬂmmu

camphor would seriously interfers in the results of the experiment. An
—mavm:mumuvm,mmmm
mmw‘uﬁmmcmmmmw
light. , :
Another dissdvantage of the present method is that the result de-
pends upon the kind of solvent. It is slear frem Table 3 that poor re-
-m-wumumu.mnmmumnzm

u-um-dhm-em-. MW.\&MM
tration of the solvent used in bais anslysis should not lie beyond

85 £ 1%.
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USF; D Toni VST, Messer _ Fastman  UOF, o W R
Bon Ko P Bon P B WF B gy Mo P

Before _
cation 2.158 172-6 2,158 172-6 2,22k 177.5-179  2.230 178179
After :

sation 2.265 170-9 2.26 170-9  2.260 178.5-179.5 2.262 178.5-179.5

Table 3. nmmmmé’“umo:bm
Camphor (USP) in Alcohol of Different Concentrations

gg

BRBRINBRSRE
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fable L. Relationship between Concentration and Absorbance at 283.5 m
A mmﬁmm,mmmmumw

0.707
0.585
0,487
0.30

0.292

Table 5. ‘mmmmmuw»m.su
MW“M“‘%W(M’&”M

y ol 2ol L

 ouazh 0.931 2.272
0.3026 0.688 2.27h
Sl 053 2.5k
| 0.2062 a8 2.270
0.1513 i |




Table 6. Results akmmm«m

g 956 B e 0y s.287 . 2.6

Table 7. Results of Assay for Spirits of Camphor,
‘ mmmwm

tbnlmumnmt.
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Figure 1. Visible Absorption Spectrum of Acetone 2,4-Dinitro-
phenylhydrazone (Approximately 1.2 x 10~ Moler)
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Figure 2.
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Visible Absorption Spectrum of Camphor 2,4-Dinitro-
phenylhydrazone (Approximetely 1.0 x 1074 Molar)
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Figure 3. Ultraviolet Absorption Spectrum of Camphor (0.605
per cent) in Carbon Tetrachloride
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Figure 4, Ultraviolet Absorption Spectrum of Cemphor (0.674

per cent) in Absolute Alcohol
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