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The first work on the action of Iodine on phenols in al-
kxaline solution was accomplished by Messinger and Vortman at
Aachen in 1889.(1)

They noticed that on the addition of alkalies and iodine
to solutions of phenols, colored floccﬁient precipitates were
thrown down. They afterwards proved that this chemical action
took place quantitatively and would be very useful in the

ititative estimation of phenols.,

Among other phenols they studied the action of iodine on
thymol in alkaline solution. When iodine in potassium iodide
solntion is added, a dark red flocculent precipitate is thrown
down, the thymol and iodine combining to form a diiodide of
dithymol.. ﬁ:g%/molecules of alkxeli must be present to every
molecule of thymol. This red thymol iodide was found to give
off 2 portion of its iodine on warming or upon standing in the
dry condition, and passing from the dark red to the yellow
variety, which is weaker in iodine.

On account of the variable amount of iodine present in
the compounds above named, analysis of the thymol iodide which
they made gave a percentage of iodine much too low.

The amorphous red thymol iodide, they found melted at
110 C., giving off iodine at the same time. It is insoluble

in water and sparingly soluble in alcohol, while chloroform

and ether dissolve it readily.
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Upon evaporation of the ethereal solution, the red thymol
iodide remains behind as an amorphous mass, Upon boiling with
water, it loses iodine and passes over into a light yellow
amorphous iodine compound, A similar change takes place on
boiling with aqueous alkaline solution, or digestion with
aqueous solutions of sulphur dioxide, sodium sulphite, or so=
dium thiosulphate.

The yellow compound acts in 2 similar manner towards
solvents, It is odorless and melts at 165 0. It dissolves
to & slight extent on boiling with potassium hydrﬁxide solu-
tion. On treating the cold and filtered solution with iodine
, red thymol iodide agrin separates..

According to Carims method they found the yellow thymol
iodide to contain 45.5% of iodine,

For the preparation of the red thymol iodide at least 2
molecules of potassium hydroxide must be present. If there is
less thymol precipitates with the red thymol iodide. such
products form soft masses, having lower melting points than
thymol iodide. If the soft maés is disﬁilled with water vepor,
thymol passes over and the remaining resinous porfion, upon
boiling with potassium hydroxide, liberates still more thymol.
If the remainder is dissolved in ether and the solution treated
with alcohol, a light yellow, nearly white, flocculent thymol
iodide separates out. If the red thymol iodide is prepared

with 2 sufficient excess of alkali, and kept in closed re-
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ceptacles, it will kecp its color for many months, but if képt
in 2 closed damp vessel it will turn yellow in a very short
time (several hours). If protected from light, even exposed
to air, it keecps its color several weeks.

These two thymol iodides stand in very close relation to
each other. Upon redudtion of the yellow iodide in alkaline
solution by means of sodium amalgam or zinc dust, no thymol is
regenerateéd, They think it is a diodide of a dithymol, or a
very similar compound. After reduction the alkalihe solutions
were acidulated when a white flocculent precipitate was thrown
down, which was purified by repeated precipitation out of its
alcoholic solution by means of water,

These white sealy crystals were found to be insoluble in
water very easily soluble in alkalies and in alcohol to form

vellow colored solutions.

As Messinger and Vortman suspected this compound to be(g)
dithymol, they made a dithymol according to Dianin's process
by means of ferric alum solution on thymol. Both compounds
had the same properties and the same melting points. Dianin's
preparation, he claimed, had the melting point of 165.5 C.,
while their preparation and the one prepared according to
NDianin melted at 135 C. The chemical analysis gave no re-
sults which agreed with dithymol. The average of the con-
stituents found were 75.6 carbon and 8,67 hydrogen. As di-

thymol should have 87.26§'carbon and 8.72% hydrogen, the above

percentages would correspond better with an oxydithymol which
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contains 76,417 carbon and 8.29% hydrogen, The analytical
results of the red dithymol dioidide would also agree better
with the preparation of this latter reduction product although
the synthetical examination gave that one molecule of thymol
used four atoms of iodine, that therefor probably only 2 atoms
were taken up. The chemical analysis of the freshly pfepared
red thvmol diiodide showed it to contain 48 to 52 pér cent of
iodine. This amount would give three atoms of iodine to every
molecule of thymol. Both compounds (red and yeliow) can be
considered derivatigg; of dithymolf The yellow variety on
account of its insolubility in alkalies, according to Zincke,\
may be a diketodiiodide, while the red may be a partly keto
compound and partly iodooxyl derivatiwe,.

As to the position of the two iodine atoms in the.&ellow
variety, they assume that the two atoms are in the same posi-
tion as *“he iodine in the mono thymol iodide prepared by
Willgeroﬁt,(S)and when this compound was treated with alkali
and iodine, it furnished their red thymol diodide, one mole~-
cule of the above monothymol iodice used up two atoms of iodine.

That this compound is identical with their red thymol
diiodide, proves that one atom of iodine in the thymol mole-
cule in “he red as well as in- the yellow thymol diiodide has

the same position as in the monothymol iodide prepared by

Wil lgerodt.

Upon analysis the above yellow thymol diiodide was found
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to contain 47.24% of iodine.
The preparation of the red thymol diiodide according to

the preceeding is explained in the following formula:
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Quantitative experiments showed that by the changing of
the red to the yellow’thymol diiodide about-one atom of iodine
to one molecule of the compound stepped out, A portion of the
red preparation, treated yith hypoiodide of potassium and di-
lute sulphuric acicd, was distilled with water vapor, Upon
analysis 12,367 of iodine were found.

A portion of the red preparztion was boiled with a stan-
dard solution of potassium hydsoxide, the solutdion was then
filtered and the excess of potassium hydroxide titrated with
standard sulphuric acid, According to this estimation 12.33%
of iodine ha’ stepped out. According to the above comparison
187 of iodine should have stepped out, but knowing that the
red preparation could not bé weighed beforevitydecomposed
some, the above result may still be considered sufficient
proof Tor the corrections of the equation given abave. With
their method they could not obtain the monothymol iodide des-
cribed by Willgerodt; upon the addition of iodine to an alka-
line thvmol solution. Even when the thymol is in great excess,

the first Arop of iodine solution will form a red precipitate,

They also found that the isomer of thymol,.namely car-

veerol, gave a yellow precipitate with iodine and elkaeli, which

however they did not examine,

A year after the above work was accomplished, Messinger

and Vortman made the following thymol es
(4)

timations in known

solutions.
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The factor by which the amount of iodine consumed must
pe multiplied to caleculate the amount of thymol present is
the following:

1 molecule thymol - 142.,6
4 atoms of Iodine 506, 16

- 0.2956772

The thymol (about .1 to .3 gr) was dissolved in sodium
géﬁﬁroxide solution (four molecules of the sodium hvdroxide
to one molecule of thymol). To the alkaline solutioh decinor=-
mel io'ine was added in excess, It was then acidulated and
+he excess of iodine was titrated by means of the decinormal
sodium thiosulphate solution. Their results agreed'very close-
ly with the amount of thymol dissolved in the sodium hydroxide

solution.

Amount dissolved Amount found
0.2874 gm 0.2902 gm»
0.1964 : 0.1347
0.3878 " 0.58657 ¢
0.3632, .~ 0.3798 "
0.129% # ' 0.1288° %

Among the phenols that occur in volatile 0oils, thymol

and corvecrol are not the least important, The only way &ac=

cording +to which the quantity of & phenol in an 0il was esti-

mated, until recently, Was either by fractional distillation

or by shaking out the phenol with aqueous alkali., The latter

me thod for example has been employed in assaying oils of
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monaada distilled from plants collected at different seagons
of the year, also in controlling the commercial value of such
0oils, as oil of thyme. There can be but little doubt that
the.second me thod is preferable to the first not only be=-
cause it will admit of using smaller quantities for assay,
but also because on the whole it may beconsidered more accur-
ate, MNevertheless it has shortcomings which at times may
render it useless for absolute determination. Thus for ex-
ample, Kremers and Schreiner, call attention to the fact that
even five per cent solution of caustic alkali will diﬁsolve
other constituents of the oil than phenol. Especially is
this true of old oils containing a large percentage of resi-
nous substance, "thus rendering the method at times worse than
worthless for the phenol aséay of volatile oils. For these
reasons the work of Messinger and Vortman was applied to the
assay of thymol and carvacrol in volatile oils. The ex-
perience so far geined as to its épplicability has been en-

tirely in connection with the o0ils of Monarda punctata and

Monarda_ fistulosa.

v

E. Kremers and Oswald Schreiner devised the following 4
method for the estimation of thesé phenols in ;olatile oilé.)
A rather unsatisfaétory me thod had been used before, which

gave only a comparative percentage of phenol between the dif-
Terent oils. The trouble was, that the five or tem per ceat

2lkeli with which the oil was chaken, dissolved other con-
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gtituents besides the phenol, thus giving a result which was
too high. In this method the difference by volume of the ;il
taken and that remaining after shaking with the alkali was
calculated as phenol. it was soon noticed that the results
varied with the strength of the solution; as weli as with .
the'quaztity of the solution with which the 0il was shaken,
Furthermore when such an alkaline solution was diluted with
water 2 lower percentéwe of phenol was found.

These facts clearly showed that the alkaline solution
also removed some other constituents from the oil, As the

iodine compounds are most stable and most easily made, they
of course would be looked to, tb'furnish a method for the
quantitative estimation of the phenols.

As for every molecule of thymol present, there should be
at least Tour molecules of 2lkali, this ratio cannot be ob-
tained in volatile oils which contain 2 variable amount of
phenol,

Rxperiments were then made using different percentage
strength solutions of alkeli in which known weights of thy-
mol had heen dissolved. It was found that five per cent al-
kali save the best results, and aiso that 2 moderate excess
of the alknli could be used.

Slightly different results were obtalned When a more di-

lute solution of alkeli was used, the results coming o

somewhat higher, The nethod of titration was similar to
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Messinger and Vortman's except that an eicess of alkeli 'as,
always emploved, ’ ! ‘ |

To estimate the thymol in velatile o0ils a known q&éhti-
ty of the o0il was repeatedly shaken with a five per ueﬁi po-‘
tascium hydroxide solution until all the thymol had been re-
moved. The amount of thymol in the alkaline so'lutiion mis,
then determined by titration with 45 iodine solution. In
order to compare this method with the solution hethod béfoné
described the volume of oil that remained after shék_i‘iaébut

the phenol was always noticed. For this purpose a Mohr o Ay
bure te with glass stopcock, grPduPted to 1/10 C.C. was fitt

'with a glass stopper at the top, so that the oil could be
shaken with the alkaline.solution, The oil was diluted wifh }
an equal volume of a low boiling fraction of petrolemn ether. ,
The advantage is that the alkalime solution is not avs Mkel:y :
to dissolve the other constituents. The separation of oil

and solution is also much more rapid and complete. &i’ter v
s»p? ration had taken place, the remaining volume of ail could
be read off accurately. The alkaline solution was than a1-__

lowed to run off into a graduated flask and the rema.lning 911

treate] with fresh solution. This operation "&Svﬁp?agt‘ed w1

all the th- ’mol had been removead. By proeéeding‘ iﬁ thﬁﬁ"ay
" both methods could be applied to the same quantit' '
the same time. The method in deteil is as follo

From a2 weighed flask of oil pour out about
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cubic centimeters. Weigh the flPsk agaig, the differ
gives the weight of o0il used for the experinent, Ad&
an equal volume of petroleum ether and-ﬁhen note the

of the mixture carefully. A little Watér can’be‘adﬁ q ‘9‘?8‘

Now add the five per cent pota551um hydroxide solu o
shake vigorously for a short time, then allow to st

separation is complete. Note the decrease in the vo
grajduated flask, This operation is«repeated*é
place, or hetter still, until the oilino longer

ger's test Tor thymol To make this test put a

of the 0il into a test tube, add about twenty ﬂ

form and a small quantity of so..lid sodium hydrﬁx&i’"'"
ply heat. If thymol is still present a red eo%
When 211 the thymol has been removed notice théﬁ
remaining oil carefully., The différeneeybet *e”
of 0il before and after shaking with the alkal
volume of thymol dissolved. From this the per

volume is.readily calculated; The'a}kaline W
mol is made up to 100 c.c. Or 200 9;&.1 i ‘
using the five per cent alkali 2s di uen ¢ {T@
centimeters of this solution inﬁ ‘ ‘

decinormal iodine solution in



of iodine required by the t;hymol‘.‘“ ‘
Cro Hiy 0+ 4T + 240t = Cro AdR i T

Every cubic centimeter of'decinormél iod
equels 0,0037415 grams of thymol. Knowing th
thymol in the alkaline solﬁtion, thé percentgga
gival oil is readily found. Twenty-five per
of pure thymol _in pure limonene aaﬁ‘Pu?B cymgﬁé
and subjected to the above methpd Of > ‘
respectively wefe obtained by ‘tv’t‘le-vl -. ‘
and 25,47 respectively were obtaine
The estimation of ei‘!r?a‘;‘vml vas 6‘,&;

menner, the only difference bein
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alkaline solution was made later than in thymol estimation,
After an excess of iodine was run in, the solution was made
up to 500 c.c., 100 c,c. were then filtered off and acidu-
1ated. The excess of iodine was estimated by mears of deci-
normal sodium thiosulphate solution. The rest of the pro-
cess and caleulation was carried out exactly like that in
the estimation of thymol.

The method was tried with the following result, at the
seme time & comparison being made with the old method of

shaking out the phenol:

Iodine method. Solution method,
0il frnm Sp G4/ Thymol Carvacrol Thymol Carvacrol
Thyme 56% 65%

Monarda : i o

fistulosa 0,939 58.267% 70%

Monarda A v

fistulosa 0.927 53, 90% 65%
(7)

Kremers and Melzner mede some estimations of earvacrol

in several samples of oil of monarda fistulosa. The averages

are the following:
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semples of 0il, Carvacrol found Carvacrol Tound
by iodine metho_d. by solution methdg ;

- e e e o= G G e B S S e G G B S B G e S e S e e B S S M G e S m e e e S G e G R e e am e e e e e e

52,15% 64 %

1.

2, 54,35% 66 %
3, 58,24% 70 %
4, 58,227 7 %
5. 53,357 64.5%

6. 54,36% 65.5%
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EXPERIMENTAL PART,

On attempting the assay‘of thymol it was notich that
there is alwayvs a portion of free iodine present, WHich does
not combine with the thymol, and is very misleading in that,
if tested for free iodine by dropping a few drops of the so-
jution into dilute hydrochloric acid, it will give =7 yellow
coloration. In place of the latter test carbon bisulphide
was also employed. It was noticed that when no free iodine
was present, the carbon bisulphide was not colored pink but
became cloudy in appearance. If the least amount of iodine
was present which had not combined though thymol was in ex-
cess, the carbon bisulphide was colored pink.

For closer examination of this acfion when different
quantities of iodine were employed, the following teble will
he of some value. Tive grams of thymol and eight grams of
potassium hydroxide were dissolved in sufficient water to
make 500 c.,c. of solution. This solution contained one mole-
cule of thymol to every four molecules of pofassium hydroxide.
10 ¢.c. of this solution were used for every titration with

decinofmalviodine solution. Thus 10 c.c. contained 0.100

grams of thymol.



40.10
40,17
40,11
39,02
35,153

i ess of
it found
i1 the

hole eol,

Ny.

% 1

used up
by thymol

Thymol
found

% ot
thymol

Remarks
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23.80
19,35
16.65

16,55

16.60
16.65
16.45
16.70
15.10
13.95
12.80

12.30

11.90
11.65
11.65
10. 60

7.15

27.86

28.20
28,52
28,46
28,42
27.98

0.10846
0.10749
0,10719
0.10663

0.10637
0.10615
.10656
.10555
10633
.10562

.10364
0.10424

0.10551
0.10670
0.10648
0.10633

0.10468

108.46
107.48 "
107,19

106.63

106,37
106,15
106,56
105.55
106.33
105.62

103,64

104.24

'105.51

106.70
106.48
106,33
104,68

Yellow col-
or! dropped
He/ dil,

Very slight
yellow no .
turbidity.

‘Very slight

yellow
faint with

@Gave blue
color with
starch be=-
fore acid-
ulation,
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35,07 7.30 27.77 0.10390 103,90

35,06 7 .85 _ 27,7 .10367 103,67

35.06  7.60 27.46 0.10274 102,74

5495 7.20 27,75 0.10382 103,82

36.10 8.25 27.85 0.1042 104,20

5937 5.25 27.12 0.10147  101.47 !

31.36 4,35 27,01 0.10106 101,06 :iﬁ:&h

30,08 3108 26,98 6.10004 100960 B iug

29,38 3.00 26,38 0.09870 98,70 slight
’ | pink with

28,48 180 26,58 0.09945 99,45 y

27.30 1,03 26.27 0.09829 98,29 | 3

27.07 - 0.50 26,57 0.09941 99,41

26,96 1.34  25.62  0.,09566  95.86

26,84 0.88 25.96 0.00712  97.12 it

25,01 0.70 24.31 0.09096  90.96

From the above table we see thet no matter how much

iodine has been &dded, # test for the same will give &n ‘f" i

firmative result. Two tests for free ijodine were appliﬂ?.‘

The one was to add & drop Or two of the solution to dilute

hydrochloric acid. A yellow coloration without turbiditi sig _‘

s to add & drop or two

of the solution to some dilute hydrochloric acid and then '1
shake this with a little carbon bisulphide. A Pi‘} colora

nified free iodine. The other test wa
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of the carbon bisulphide toox place if free iodine was present.
This latter test was 2lso misleading as stated before. When
large excesses of iodine were used, the results were propor-
tionately much higher. This it is supposed was due to secon-
dary reactions taking place. With decrease of iodine used
the percentage also decreased; Within the limit of two to
five cubic centimeters in excess the best results were ob-
tained, but an excess must be present or the results will be
too low. %xcess of acid does not change the result any.

In making the estimation of thymol and carvacrol in vo-
latile oils containing variable amounts of these phenols it
is advisable to add a sufficient large excess of iodine to
shoﬁ a2 very strong coloration of iodine and no turpidity when
2 drop or two are added to dilute hydrochloric acid.» If this
is done it will be found that.an excess of at least 10 c.c.
hes been added. The operation is then repeated ﬂith a2 new
quantity using a smaller excess of iodine each time until
there is an excess of azbout 3 cc. of iodine present in the
whole quantity. '

Calculating from this the emount of phenol present, wiil

give 2 result within one per cent of the true amount,
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