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INTRODUCTION. 

For the past thirty years the production of natural indigo 

has been diminishing because of the competition with the syn

thetic indigo which is replacing it in a surprising rate of in-

crease in the world market. It immensely interesting to trace 

back the development of synthetic indigo, showing the possibil

ities of scientific researches in their application to tbe prac

tical industry. Before synthetic indigo was placed on the mar

ket some of the German dye manufacturers had spent an enormous 

sum of money, and long years of research; they won the prize 

for which they were struggling, and they now seem to monopolize 

the supplies of indigo for the world. What has been the ma ter 

with the manufacture of the natural indigo? hat caused the in-

dustry to diminish while the demand for the dye has been 

steadily increasing. The explanation is, that those people 

who are associated with the indigo manufacture had unanimously 

negleoted to see the value of research. No person has ever 

carried out a systemati c investigation on the sub·ect as pa

tiently and conscientiously as some of the German chemists, 

like Baeyer who spent fifteen years continously for the eetab-
t 

lishment of oonetitution indigotin and of its formula, and t o 

or three chemists who devoted their lives to the development of 

the synthetic indigo. Unfortunstely, in the natural ndigo 

there has been no progress; the old edieval process is still 

in existence today without much modifioation, and it seems that 

this industry which has existed for three hundred years will be 

completely driven out of the market before very long i! the 

present method of manufacture is kept in use . 



The present work was begun with the purpose of contrib

uting to the slightest degree, to the manufaoture of the natural 

indigo. The writer has firm faith in the possibilities of this 

industry whioh has the vital eoonomioal as ell s social bear

ings upon the lives of those ho have been and are still de-

pending more or less on the elfare of the industry. or n-

stanoe. in the Province of Tokushi • Japan, to say noth ng 

about those millions of people in India and other parts of the 

world, the people depend chi Ily on the indigo plantation for 

their annual household expenses. The necessary cultiTation of 

the plsnt in Tokushima is bet een the two seasons , namel , be

tween the ~heat and rice crops: there is no other crop hich o n 

be substitu d for the indigo pl~nt if the 1ndu try is de troy 

by the oompetition ith the synthetic indigo. 

fate of their lives if suoh is the c se? 

at o ld e tbe 

Taking all these faots into consideration, this or 

undertaken. and the results obtained are not merely laboratory 

procedures or aoademio interests. It is hoped that the ay be 

of praotioal application for the indigo indu try. Of oour e, 

this work is far from a complete and exhau ive research, end 

needs further investigations. There are a fe ite s at h v 

been impossible to take up in the pr sent or , t ough they ar 

vitally oonneoted 1th the indigo industr such s a r lation 

ship between the yield of the plant and the character of o 1 

and fertilizers, investigating the effici noy of the indigo as a 

dye, and possibilities of making many substituted dyes derived 

from the indigo. These subjects may be taken up in the f~t re 

investigations. 
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Part I. 

HISTORY OF I DIGO. 

Indigo was probably one of th earli at 0 lor 

attere. It as used by ano1ent E t1 n , b ng fou d 

mummy cloths prepared at 1 ast five thous nd y are o. 

ell known to the Greeks and Romans ho 1 por d t ro Ind 

method of indigo production ae ow 1t now a 

by arcopalo in the thirteenth oentp.ry. It waa, ho 

Dutoh trader ho introduced it from t e aet nd 

rope, and began it use on a large eoal n t b 

t e si teenth century. The incr & ing nu ot re 

et a e r1ous blo by la roh1b1t nu ot 

fugitive dye • The oauee of th a law e pur 

jealou y on the part of the ood oult Tator 

stigatore oft e la • In 1737, r ce 

uro e to a e it lawful to use the d 

8 b 

nd fro 

Tal abl pro rt1ee beoame 0 gr d all t o 

he introduot1on of indigo into Ja an e 

1 tter P rt of the ev nteenth o ntury, t h in 

t rou h Ch na, and fro t at ti to th 

c 1 1 t d, especially in the Pro inc of o 

r 

0 

scr b 

r, 

to 

0 

r b 

h 

e 

ind tr 1 

t b c 

xol sively carried o v r s o i on 

e on of t e most profitabl 1ndu tri s o th 

n it role has been the chief factor in oo troll 

oi 1 a fairs of the rovince. At one ti it r t n 

fro four to !iv million dollsr to the pro ino l tre 

0 
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However. its industry began to decline. as in India w th the 

introduction of the synthetic indigo to the market. 

·'---=~.:::::::;~~~----------------------



THE INDIGO PL.ANT. 

The variety of the indigo plant, which the writer employed 

for the production of indigo, is known as Polygonum tinctoria. 

The seed was secured from Japan and was planted in flats in the 

greenhouse. The young plants, when about six inches high, were 

transplanted to an open field on the University Farm. It re

quired almost four months to reach the full growth on the soi l of 

University Farm, Minn. The height of the plant was about eight

een to twenty inches. This was not a normal growth when compared 

wi th the plant grown in the provinoe of Tokuahima where it grows 

about t hirty-six inches. 

The leaves of the plant only are concerned in the manufao

ture of indigo, for the coloring matters are contained exolusive

ly in them. From the standpoint of the indigo industry there are 

three vit•l points that we must take into oonsideration with the 

plant. 

Leake 

writer 

(1) W~ight of plant yielded per acre. 

(2) The percentage of leaf gi ven by the plant. 

(3) The indigatin producing value of the leaf. 

According to Rawson (1) good plants yield 4~ of leaf. 
( 2) . 

has found 62%, whereas the plant cultivated by the 

gave 68.50%. There is also a great variation in the 

amount of the plant yielded by an sore of land according to the 

character of the soil, difference in environment influences, eto. 

A fai r average crop in India may be taken at 50 to 60 owts. per 

acre, whereas the writer obtained approximately 8.10 tons of the 

f ~)) The Cultivation and Manufaoture of Indigo in Bengal. 
J. Soc. Chem. Ind. 1907, 26, 1174. 
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green matter per aore. 

The writer oonduoted experiments to ascertain the relattve 

growth of the plant by using different fertilizers when the ooat 

of the fertilizers should be the same in eaoh case. Three inds 

of fertilizers were employed, namely sodium nitrate, dried blood 

and aoid phosphate, eaoh fertilizer being applied to the pl nta 

in five rows. It was found at the time of maturity that the 

growth of the plant was just about the same in all oases. From 

this experiment the writer does not wish to make a definite con

clusion, for it was the first time that the plant has ever grown 

in this part of the country, and consequently it was not adapted 

to the soil and to the climate. It is, however, his esrnest de

sire to find out & relationship bet een the growth of the lant 

and the indigo content on one hand, and the character of fertil

izers on different soils on the other. 

The content of indi can in the leaf varies at different 

periods of the year. Ra son( 3 } found that in one instance 

ay 28th the indigo content as .20%; on Aug. 25th t is had 

risen to .76%. As the plant gro e, the young leaves contai n 

moreooloring matter than the old ones on the same plant.Finall 

t here is a gradual increase in oolor ng matter in the leaves 

from the bottom of the plant upward. 

The composition of leaf and stem composing the indigo 
~ Plant varies greatly. According to Rawson the mean result of 

twenty determinations gave in round number 40% of leaf and 6~ 

of stem. On this basis the comnosition of the hole green plant 
Will be as follows: 

(3) (L. C.) 
(4) (L. C.) 

·~~~~--~------------------
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ater- - -- --------- -------------------- -75 .0~ 
Iitrogenous matters-------------------- 4.27" 

Woody fibre---------------------------- .60 ' 

Carbohydrates and other organic matter- 8.87 

ineral matter (Ash)------------- ------ 2.12'' 
iuu .ou~ 
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THE CHEMISTRY OF NATURAL INDIGO M.ANUJ'ACTUBE. 

I. Review of Previous Investigation. 

In the beginning of the Nineteenth Century the coloring 

principle of indigotin present in the indigo plant was supposed 

to be indigo-white, and this theory remained unoontradioted un~ 

til 1865 when the celebrated plant chemist Schunok(l) proved the 

that the coloring principle was a gluooside which he named 

indioan. He isolated indioan from the Isatis tinctoria (wood), 

Polygonum tinctoria, and Indigofera tinotoria. 

In order to explain a little further the method by which 

indigotin is prepared from the gluooside, it is necessary to 

discuss something about the constitution of in~ican, and the 

chemical reactions by which indigotin is formed. 

Generally speaking the glucosidee are condensation pro

ducts of at least one molecule of a hexose, pentose, or other 

carbohydrate with a molecule of another substance of acid or 

basic oharaoter. Among t he latter maj be found phenolic sub-

- stances, amino compounds, and some other oarbohydratea. The 

generally adopted formula for gluoosidee is as follows: 

CH20H•CHOH·CH·CHOH·CHOH·CH.O.R, in which R represents a phenolic 
'--~-o~~~ 

or basic body combined with the gluooside residue. Accordi ng to 

arohle ski and Radoliffe( 2) the indioan cannot poss ibly contain 

the whole molecule of indigotin in any form hatever. They be-

lieve that the formation of indigotin is oaused by oondensa-

tion process simultaneously with the hydrolysis of the indican, 

(1) Phil. ag. 1856 (IV) 17, 74, and 1868, 16, 127. 
(2) J. Soc. Chem. Ind. 1898, 17, 431 . 
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end they went further to eay that the original substance of 

indigotin is indoxyl, and that the constitution of indigotin is 

expressed by the formula:-

CH20H· CHOR· CH· CHOR ·~~CH.O/C \ 

' C6H4, CH 
"'NH/ 

in which a molecule of indoxyl appears to be condensed ith one 

molecule of glucose with the elimination of one molecule of 

water, the latter being formed from a hydrogen atom from the 

glucose and the hydroxyl group of the indoxyl or vica versa 

according to the following equation:-
C( OH) 

c 6H~:;;>cH + C6H12o6 = CH20H·CHOH·CH·CHOH~CHOH·CH/C 
c6H4 /CH 

H 
+ H2o. 

This formula for the indican explains the properties of 

indican so far as the formation of indigotin and glucose under 

the in:fl.uence of hydrol¥sis and subsequent oxidation is conoerneA. 

As a result of the communication of archle ski and Radcliffe, 

Hazewinkel, the director of the experimental station for indigo, 

Klaton, JaTa(3) gave an account of his research in which he 

arri es at the same conclusion with arohleweki and Radcliffe 

that indican is an indoxyl gluooside, and that the sugar ob

tained from it is dextrose. 

The assumption that indican is the glucoside of indoxyl 

is also very probable from physiological consideration. Accord

ing to the two above mentioned chem ste( 4 ) the formul proposed 

is analogous to that of indoxyl sulphuric acid, a sulppurie aeid 
(3) Proc. K. Akad. Wetenach. Amsterdam 1900 2 51 
( 4) (L. c. ) ' ' , 2 • 
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ether of indoxyl which appears among the secretions of the 

animal organism, probably a product of the decomposition of 

albuminoid substances. The authors assume that certain species 

of plants have a similar physiological function in that they 

decompose their alb t n in a similar manner with the result that 

the degradation product of albumen appears in the form of in

doxyl which is subsequently neutraljzed by condensing with 

glucose. This explanation seems very probable because plant 

and animal organisms very often do work up their albumen on 

analogous lines. 

Hoogewerff and ter Meulen( 5 ) isolated indioan in a crys

talline condition from the Indigofera leptostachya and Poly

gonum tinctoria as foll ows: the leaves are digested in boiling 

water; the extract is evaporated in vaouo; the residue is taken 

up by methyl alcohol; precipitated 1th ether and after removing 

the precipitate, the clear liquid evaporated, and the residue ia 

taken up ith hot water. The filtered and concentrated solution 

on cooling deposits well defined crystals. They obtained 5 

grams of pure indican from 17 kilos of t he leaves of Polygonum 

tinotoria. 

Perkin and Bloxam(G) prepared pure indican from I. suma

trana and I. Arrecta by treating t he leaves 1th cold acetone 

and treating the extract wi th light petrolium. They obtained 

31.66 grams of indioan out of 1000 grams of leaves. 

en thus obtained indioan C14H17o6 crystallizes from 

water in spear-shaped crystals whioh contain three molecules of 

((5) Proo. K. Akad. etensoh. Amsterdam, 1900, 2, 520. 
6) Chem. Soc. Trans. 1907, 91, 1716. 
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water of crystallization. It melts at 57-58c . When heated in a 

test tube, or on platinum foil, purple fumes are given off, but 

in an atmosphere of oarbon dioxide this does not take place. By 

passing a current of air through a hot solution of indican in 

dilute hydroohlorio acid containing a little ferric chloride, 

91% of the indican oan be converted into indigotin according to 

the following equation:-

2 C14H171106 + 02= C16H1oJi202 + 2 C6H1206 

It has been shown by Baeyer(7} that indoxyl readily con

denses with aldehydee and ketones. forming the indogenides, and 

Hazewinkel(S) furthermore demonstrated for the first time that 

indican is an indoxyl glucoside and partly identified this sub

stance by means of its condensation products with isatin, ben

zaldehyde, and pyruvic acid and determined the quantitative 

reactions for the indirubin thus formed. Perkin and Bloxem< 9 ) 

end also Gaunt, Thomas, and Bloxe..m(lO) found independently that 

when indican dissolved in water is added to a boiling solution 
. 

of iaatin, acidified with a little hydrochloric acid, and the 

operation is car ried in an atmospher of hydrogen or carbon 

dioxide, the yield of ind1rubin is quantitative according to the 

following equation:~ 

C14H1706li + H20-= C9H7 0 + C6H1206 
<1ndoxy1l 

{isatin) (indirubin) 

This method offers a ready means, not only for the analys i s 

of the crystalline gluooside or indioan , but also for the estim

ation of the amount which is present in ~queous infusions of the 
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leaf. More recently Perkin and Thomas(ll) obtained quantitative 

amount of P-nitrobenzaldehyde-indogenide by the condensation of 

indoxyl with P-nitrobenzaldehyde, and, that t his reaction could 

aleo be employed for the analysis, both of crystalline indioan 

and that present in the leaf extract. 

When indican is hydrolysed with apid in the presence of an 

oxidising agent, it does not appear to give a quantitatiTe yield 

of indigotin. According to Hazewinke1<12 ) that acid oxidising 

agents convert indioan into indigo, and this in turn is oxidised 

by an excess of the reagent. Eloxam and Leake(l3) studied the 

oxidising effect of ammonium persulphate and found that the 

process was far from quantitative since ith pure indican,it 

gave only 82% of the theoretical. Perkin and Thomas<l4 ) tudied 

the effect of the hydrolysis of solutions of indioan ith acid 

during the aspiration of air through the liquid, under varying 

conditions of temperature and concentration. The most satis O• 
• 

tory yield of the coloring matter (93.5%) was produced when air 

was passed during 8 hours through a solution of .5 grams of the 

indican in 850 c.c. of ater acidified with 15 c.o. of 33% HCl, 

and the temperature maintained at 60 • It seems probable that 

I einoe t he pure indican did not give quantitativ yield of indig

otin, accorting to their results some s condary reaotion oooura 

although the nature of chemical change is not known. The func

tion of indigo-brown may be the explanation. 

According to the results which 111 be shown later, the 

(7) Ber. 1881, 14, 1745. 
((98) Proo. K. Akad. etensoh Amsterdam, 1900, 2, 520. 

) Chem. Soo. Trans. 1907, 91, 1715. 
(10) J. SOc. Chem. Ind. 1907, 26 1174. 
(11) Chem. Soc. Trans. 1909, 96, '795. 
f i~~ Proo. K. Akad. etensch. Amsterdam, 1900, 2, 520 . 

~___;_ __________ .._ ................ .--
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acid extraction in the presence of oxidising agent suoh as 

ammonium persulphate gave the most favorable yield of indigo from. 

the green leave~ and the writer questions very muoh whether the 

work. mentioned above was accurate. The problem remains as a 

further interesting study. 

II. The Indigo Enzyme. 

The faot that the hydrolysis of gluoosides is caused by 

their specific enzymes is also applied to the hydrolysis of in

dioan by the indigo enzyme oalled "indimulein" the name of which 

was first suggested by Hazewinckel. He investigated the proper

ties of the indimulsin and proved for the first time that in

dioan is a glucoside of indoxyl. It was, however, Sohunok who 

first discovered the presence of this enzJllDe in the green leaf, 

and it was later elaborately investigated by the Dutoh chemists, 

especially by Beylrinck, who isolated the enzyme as a sno -white 

highly active powder. Ammonia destroys the enzyme. Emulsin 

slowly hydrolyses indioan, but the intensity of its action is 

only one twentieth of that of the "indimulsin" . 

To isolate the indimulsin from tbe fresh leaf is rather 

di f ficult, probably because the presence of tannin in the leaf. 

The writer tried to isolate t he enzyme by pounding the leaves 

wi th hide powder whioh fixes the tannin, and then extracted with 

alcohol. The produot thus obtained as a green amorphous sub

stance hioh did not s how any indication of enzyme action when 

(13) Dalsingh, Sera1 Report, 1904. 
(14) Chem. Soc. Trans. 1909, 95, 795. 

~-------------------------~ 
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applied it for the fermentation of an extract of the leaves. 

A study of t he hydrolysis of pure indioan by means of the 

enzyme and subsequent oxidation of the indoxyl solution with air 

under varied conditions has been made by Thomas, Perkin, and 

Bloxam(15). The results of these investigations show that the 

hydrolytic aotion of the enzyme proceeds somewhat rapidly, and 

that by using 2 grams of the enzyme and 1 gram of indioan under 

a dilute solution, t he reaction was complete after 2 hour J 

digestion at 50 c. 
uoh attention should be paid to the degree of the acidity 

of the indioan solutions whioh are the progress of fermentation, 

A trace of eulphurio aoid present during the fermentation in

hibits the deoay of the indo:xyl, and also prevents theooouluaion 

of the indoxyl by the ensyme powder as frequently oocure. 

III. Bacterial Fermentation. 

The hydrolysis of the indioan by the action of its spe

oifio enzyme, indimulsin, is the main faotor in the manufacture 

of indigo. It is well known fact that bacteria whioh are pres

ent exert a similar aotion although in minor degree. 

Aluarz in 1887, was the first man to isolate from an 

extract of indigo plant an organism Bacillus indigogenus which 

was capable of producing the fermentation. Bergtheil(lG) oon

aiders that at least one organism capable of produoing indigo 

fermentation is inTariably found in large quantities in an in

fusion of the plant. The manufacture of indigo in Japan is 

(15) Chem. Soc. Trana. 
(16) " " " 

1909, 95, 829. 
1904, 85, 877. 

~~------------.................... .-
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oarried out ohie:fly by the applioation o! the baoterial action 

whioh oauses the fermentation of the leaves • 
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Part II. 

LABORATORY .METHODS OF PRODUCING INDIGO FROM THE PLANT. 

QUESTIONS INVOLVED. 

The problems to be included in the proposed investigation 

are conveniently divided into three parts:-

!. To investigate a method whioh yields the maximum amount of 

indigo from the green leaf. 

II. To investigate a method whioh yields the maximum amount of 

indigo from the air dried leaf. 

III.To find a method of purifioation on orude indigo manufac

tured in the Province of Tokushima. 

PRODUCTION OF INDIGO FRO THE GREEN LEAF. 

The purpose of this investigation is to study the various 

environment influenoea upon the yield of indigo. It involves 

the following considerations:• 

1. Degree of cell division of the plant tissues. 

2. Choioe Of the duration of steeping period. 

3. Choice of an optimum temperature. 

4. Choice of a proper medium for the extraction. 

General Methods of Procedure. 

(a) The produotionof indigo from the indigo plant is a simple 

matter and consists mainly of t o process: 

(1) A steeping of the plant with water (fermentation). 

(2) Followed by the oxidation of the water extract with 

air in a separate vessel. 

The leaves are out into small chips, and plaoed in a 

large glass eylinder having six to seven liter capacity. For 
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every hundred grams of the leaves, add two liters of water which 

is strongly acidified with hydrochloric acid. Let the content 

of the cylinder stand 6 hours at least for the hydrolysis of in

di can in the leaves. The extract is completely removed from the 

leaves, and transfered into another cylinder of the same size, 

and is now ready to oxidise. 50 c.c. of 5% ammonium persulphate 

solution are added to the extract and the oxidation is completed 

by the continuous aspiration of air through it. The indigo 

gradu lly settles down to t he bottom, and the oxidation is com-

plete in about three hours. While the oxidation is in progress, 

several tests should be made at different intervals to see 

whether the oxidation is complete or not. To apply the test, a 

few o.c. of the extract are poured into a test tube and a few 

drops of the ammonium persulphate soluti on added. If the color 

of the extract becomes blue or bluish green, the oxidation is 

still incomplete, but if no change o! color is eeen, the extract 

ie straw yellow color, the oxi dation is complete. Heat the 

extract to botling, and let it stand until flakey indigo settles 

down to the bottom. There is a three-fold object in boiling 

the extract: 

(1) It prevents putrefaction whioh rapidly takes place in 

warm season, and would result in loss of the dye. 

(2) It di ssolves some of the brown matters whioh are mixed 

with the coloring matter and thus produces a finer 

quality . 

(3) It oauses indigo particles to settle more rapidly. 

Decant the clear liquid off, filtered through a hardened 
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fi l ter. A hardened filter paper is absolutely neoessary in this 

operation because the indigo stioka so hard that it is very dif

ficult to remove if an ordinary filter paper is employed. The · 

precipitate is thoroughly washed with hot water until free from 

acid, then with alcohol until no more reddish oolored washing 

oomes through the filter. Now remove the filter paper, and dry 

the precipitate in a drying-oven at 70 - 75 C. The indigo thus 

prepared is a orude compound, and must be purified fr the sub

sequent analysis. 

(b) Purifioation of the crude indigo. 

The details of t is process will be explained later in 

oonneotion with the method used in purifying a crude indigo 

prepared in the Province of Tokushima. 

(o) ethod of analysis. 

There has been much dispute over the different methods of 

analysis proposed by many chemists, and there still seems to be 

some question as to the best and moat praotioal method to be 

adopted. The matter is of oqnsiderable importanoe, s i noe a 

correot estimate of t he effioienoy of the prooesa of i ndigo man

ufacture depends upon the reliability of t he method of determin

ing the indigotin obtainable from the plant. 

What seems to the writer to be the most aoourate and si -

pleat method of indigo analysis is based upon the titration of a 

solution of t he sulphonated indigo with potassium permanganate 

by which the sulphonated indigo is oxidised aoo ord i ng to the 

followi ng equations:• 
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C15H10 11202+ 2H2S04 = C15H9N202 (HS03) 2 + 2H20. 

5 C1sfi1l202 (HS03)2+ 4 KMn04 + 6 H2S04==5 C16H9N204{HS03)2 

2 K2S04 + 4 MnS04 + 6 H20• 

This method of estimating indigotin has been previously 

very oarefully studied by the writer(l), and was used in all the 

work reported in this thesis. 

(1) A thesis presented for the degree of B.S., The State 
College of ashington. pp. 38-47. 
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Degree of the Division of Plant Cells upon the Yield of Indigo. 

Experiment o. I. 

Moat of indigo manufaoturere eo far as the writer knows 

have been over-looking the faot that the fine division of the 

plant tissue is one of the important faotors in determining the 

yield of indigo from the green leaves.The finer the tissues are 

out, the better the yield of the ooloring matter, beoauee the 

oells in the leaves have a better ohanoe to oome in closer eon-

tact to eaoh other, whereby the aotivity of the enzyme beoomes 

greater during the fermentation period. The result is, as shown 

in the following table, a better yield of indigo. 

Sample o. Condition of leaf. % of indigotin found. 

l whole leaf .067 

2 out leaf about 1/2 in. .13 % 
3 ground leaf .14 ~ 

In this experiment the leaves were fermented t a room 

temperature for 48 hours. he percentage yield of indigotin wa 

based on the weight of the green attar used, and the same method 

of oaloulation is used throughout the subsequent e eri ents. 

Determination of Duration of Steeping Period. 

E eriment o. II. 

Crookee( 2 ) states that a steeping period of nine to ten 

hours. at ordinary temperatures, ie sufficient, whereas 

Rawson( 3 ) claims that ten to eleven hours is suff icient for the 

average external temperature, and Bergtheil( 4 ) thinks ten hours 

(2) Handbook of dyeing and Calico Printing. 
(3) Report on Cultivation and anufaoture of Indigo. 
(4) Indigo Besearoh Station Sirsiah, 1906. 
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able increase of yield until eighteen hours' steeping. The 

yield becomes maximum at thirty-three hours' steeping. After 

that the yield decidedly decreases. 

Determination of the Optimum Temperatur~. 

Experiment No. III. 

The extraction of indigo plant with hot water has been 

used for many years in some parts of India. Perkin(5) olaims 

that the hot water extract gives the beet result and that t he 

indi go produoed ie of a superior quality. Nagai(G) also pro

poses hot water extraction method. He uses cold water first and 

gradually raises the temperature to boiling while the fermenta

tion process is in progress. However, the writer cannot aooept 

their methods for a simple reason that the activi ty of the 

indimulsin stops instantly as soon as the temperature is raised 

up to the water boiling point. It must be borne in mind that 

the indimulsin is destroyed at a temperature bet een 60°and 

74°0. T he writer attempted to extraot indigo with hot water 

according to their respective methods partly from curiosity and 

partly aa a mere trial, but no traoe of indigo was obtai ned. 

The oolor of the extract was straw yellow and it, of course con

tai ned no coloring principle at all. Experiments were then con

ducted by digesting the cut leaves in water at varying tempera

tures, for 35 hours. The following table shows a relative yi eld 

of indigo at different temperatures:-

Samtle No. TemEerature ~ of indigotin obtained • 
30• • 176% 

2 40• .190~ 

3 50° .178~ 
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The extraction as carried out in an aoid medium, and ammonium 

pereulphate was employed ae an oxidising agent . The experiment 

hae been carried out just like the re~ious experiment through

out the operation. From the above table it is evident that the 

optimum temperature is 40 c. Bergtheil(?), ho ever, claims an 

optimum temperature being 49• - Bi c. 

Comparison of the quantity of indi~o obtained from an extract of 

the plant by the action of an aoid and an oxidising agent 1th 

that obtained by an alkaline extract and oxidising agent. 

x:perim nt o. IV. 

The question of the total amount of indigotin obtainable 

from n extract of t he lant b an acid edium or by al aline 

medium has been very im ortant one and h a not s t, be n 

ettled. It has long been known that the oxidation of indoxy 

solutions, in so far as the crude f rmented factory lie• 1 1 

oonoorn d, is facilitated by the res noe of on c. or 1 e 

ter, and tbi vie h e been con 1 d b7 Ra eon nd B rgerinc • 

Aooord ng to Thom e, p rkin, and Bloxac the u e of a 11 

ount Of ither of tbes r ag nt during t 0 d 0 of • 
indo 1 as b n !ioial, and give inor aee Of bout in t 

1e1a of indigo. Both onia d 11 t r he u d i ui -

abl ount inhibits o e aeoond oh n f 1 in he 

oour e of the oxidation al houg io 1 e f 8 

ohange is, as t, not de fin tel 0 But in u ing t er Of 

the reagents, an appr ciabl amount of in irub 1 r oduo d, nd 

C56) Leotur s on A a Indigo, p • 54 - 55.(Publ sh d n a e) 
( ) Chem. Soo. !rans 1907 91, 435. 
(7) J. Chem. Soc. Trane. 1904, 85, 886 . 
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pensable, and it is very likely that, in the pre nee of the 
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acidified, then the separation of indigo t &kes place slowly. 

Perkin and Thomas(B) observed another interesting phenom

enon, namely that when hydrochloric acid is replaoed by an 

equivalent amount of sulphuric acid, a much lower result yi 1 

of indigo ie obtained under similar conditions. The decreased 

yield may be due to the fact that the enzyme action i s more 

favored by the hydrochloric acid, or else some portion of in

doxyl is converted into substances other than indigo in the 

course of the fermentation. Another difference was observed by 

the same chemists that whereas in the oaee of hydrochlori c ac d 

the filtrate (after indigo being separated) has a pale yellow 

color, that contai ni ng sulphuric acid has a browner and darker 

tint. 

(8) Chem. Soc. Trans., 1909, 96, 795. 
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( b) It naturally follows that. since indigotin is alr ady 

formed in the dry leave it cannot be extracted by hot water 

for indigotin i insoluble in it. Therefore, the hot water ex

traction method by the joint chemists is entirely inpractioable. 

II. ethod of Obtaining Indigo from t e Dry Leaves. 

Sinoe the inaolubility of the coloring matter in the dry 

leaf has been established, the first step is to onnvert it into 

a soluble form, whereby the amount of indigo may be determined. 

The only way to make it soluble is to convert it into hat is 

known as indigo white hioh forms a brownish yellow solution. 

For this purpose the writer tried many different commonly known 

reducing agents. such as sulphurous aoid, stannous chloride, 

z no with hydrochloric acid, etc. All of these aoid reducing 

agents had no effect at all on the dry leaf. But a tot 117 dif

ferent effect as produced by action of al aline reduoi g agent 

such as zinc and caustic alkalies, glucose and alkalies and 

so~e others. After a series of oar ful observ tione, th 

riter fonnd a method for the manufacture of indigo fro ry 

leaves, and t is h a earnest hope that his method y b of 

some service to the industry o indigo. any ohe ia a had pr " 

viously failed to obtain a satisfactory result, and t e r bl 

of indigo manufaoture rom the dr leaves has been uns ttl d 

even at the present time at least so f r as Japan e oono rned. 

The follo ing procedure has been found to gi b be t 

results: Grind the leaves to a very fine powder, an place ro 

20 - 25 grams of sample ith a sufficient amount of z1no po der 
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in a 1 1/2 liter beaker containing 760-800 o.o. of a 6~ solution 

of caustic soda. arm the content of the beaker on a ate 

bath for an hour, and then heat to boiling by free · me and 

let it boil for 15 minutes. While boiling, prepar a ooarse 

cloth filter, and filter immediately through the c1oth. he 

residue is again boiled with the caustic soda solution in ord r 

to insure all the indigo is completely dissolved out, filtering 

through the same filter. ash the residue 1th the hot oauat1o 

soda solution for everal times receiving th filtr te in th 

same beaker. Let the :!lltrate cool. It 111 b a br nish 

yellow solution, covered with a thin blue sheet on th surf ce, 

whiob gr dually turns to deep blue liquid en the air 1a as 

through it. o acidify the solution th dilut sul hur c 

acid. A deep blue heavy flocul nt pr o pitat i fo ed. L t 

1 stand ov r night. Decant off the ol ar liquid h oh b a 

golden y llow tint, a d filt r thro gh a ard n d p r. ah 

the r c1p tat th at r until fr from aoid r action, n4 
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comes throu h th f lt r. h pr oipitate i dri d in 
• ing oven at 70 c. The ry ubst o 
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To determine the strength of caustic soda which effects the 

maximum yield of indigotin. 

Experiment No. v. 
SamEle Bo. strensth of NaOH 

1 1% 
2 2% 

3 3% 
4 4% 
5 5% 
6 6% 
7 7% 
8 a% 
9 9% 

~ of indi6otin 

.54% 

.8:3% 

.84% 

.9~ 

.91% 

.9o% 

.72 

.64~ 

obtai ned 

From these results, it is evi dent that the maximum amount 

of indigo is obtained when the strength of 5% caustic soda 

solution is used. fhe variation from 4% to 6% sol~tions in the 

indigo yield is very alight indeed, but beyond 6% solution it 

decidedly decreases the yield. 

Other ethods of Extracting Indigo from Dry Leaves. 

Acetic-sulphuric aoid was a l s o used as a solvent, and 

indigotin obtained by this solvent ·a compared th that ob-

tained by the alkaline reducing method as shown in the follo ~ 

ing table. The difficulty with t he acetic sulphuric aci d as 

that it dissolved many impurities with indigo, and then in turn 

combined with the latter, d the compound thus formed as very 

poor indigo. Acetic sulphuric extraction as also carried out 

in a soxhlet extraction but no indi go was obtained at all. 
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A third and by far the beat method whioh ae the riter 

has found wae that the leaves are first treated ith aloohol 

whioh dissolves out pigments other than indigo, and the non

pigment leaves were submitted to the reduoing method mentioned 

above. The result, as indioated below, gave not only the beet 

yield, but also a supetior quality of indigo . 

ethod. i ot indigotin obtained. 

Reduction by 5% aOH and zino.---- --- - - ---------.91% 

Aoetio sulphuric acid extraotion method.-------- .25% 

Aloohol extraction followed by the 

alkaline reduotion method.-------------------1.08% 
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PURIFICATION OF THE CRUDE INDIGO UFACTURED IN THE 

PROVINCE OF TOKUSHIMA, JAP Al . 

I. Charaoter of Indiso . 

The manufacture of indigo in the provinoe of Tokuehima is 

carried out by a fermentation method by hioh the plant ttssuee 

are submitted to deeay rather than extracting the ooloring pr1n

oiple from it. The indigotin oontent prepared in this method 

runs from 21% to 7%. The impurities, whioh run very high are 

oomposed chiefly of plant tissues and mineral matters. On 

aooount of suoh high content of the impurities and also of lo 

grade quality, it is most important to find out a suitable and 

eoonomioal method for its purification. Two or three methods 

have been suggested, whioh are desoribed belo • wer tried out 

b the writer on a sample of orude indigo obtained from hi 

father's farm in Tokuahima, Japan. 

II . ethods and Prooesses of Purifioation . 

1. Reduotion methods. 

(a) Reduoing the orude indigo th oaustio al ali e 

and zino. Th prooess is Just preo ely th s 

as in the t r a ent of the dry leaTee h oh ar 

previously mentioned. 

(b) Hydrosulphite method. 

or one part indigo us e i ght arts of oa st o 

soda solution (19~), twenty parts trong h ro

sulphite solution(l), and ten part of tr . 

(1) For the preparation of hydrosulphite sol tion, see Ind go 
ML B, by H. A. etz and Co. 72 PP• 



The mixture is heated to boiling and the boil ng 

continued for 25 minutes. The solution ie rapid

ly filtered through a hardened paper, and the 

later steps of operation are carried out praotio

ally in the same manner as in the oaee of the 

alkaline reducing method. 

2. Dissolving indigo by solvents. 

Indigo is separated by dissolving in solvents, such 

as acetio sulphuric aoid, aniline, nitro benzene, and so forth. 

None but acetic sulphuric acid was used in this investigation 

because the other solvents are too expensive for this purpose, 

and whenever a method is inpraotioal for the com.~eroie.1 ore-

paration of the dye, the writer did not take it tnto any oon

aideration at all. 

The method by acetic sulphuric ao d solvent as fol o s:

About 5 grams of the fine po dered indigo ere we ghed into a 

beaker containing 100 o.o. of aoetio sulphuric acid (100 p rte 

of glacial aoetio aoid and 4 parts ot oonoentr ted sulphuric 

aoid)( 2 ) and the mixture heated on a steam bath for an ho r. 

Th solution was then fi tered through gla e ool to a beaker 

containing 1000 o.o. of water. he indigotin gradually ee tles 

down to the bottom of the beaker. After it stan e tor so e 

time, decant offthe clear liquid, and the indigottn 1e f l ere 

through a hardened paper. ash the indigotin th hot ater 

until free from acid, and follo ed the ashing b alcohol until 

{2) Zeitaoh. farb. text. ohem., 1903, 10, 189. 
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no more reddish solution passes through the filter. Dry the iir 
0 

digotin in a drying oven at 105 c. It may be necessary to re-

peat the same operation for twioe or three tiroes to obtain ohem

ioally pure indigotin, but for ordinary determination of its 

purity one operation is sufficient . 

II The following figures show a relati Te yield of indigoti.n 

II 

obtained by the different methods of purifioation:-

Sample No. ~ of indigotin obtai~· 

1. Reduction by oauatio soda and !ino.-----2.58% 

2. Reduction by hydroeulphite.-- - -- ------ - 2.11% 

3. Aoetio sulphurio aoid method.-----------3.71 

Obviously the aoetio sulphurio ao1d show the beet result, 

and this method of purif oation is therefore, reoommended by 

the writer. 



0 

o o r 

1 d o br 0 0 





• 

- 34-

1. Indigo exists only in the green leaf of Polygonum tino-

toria. Henoe the leaves are only concerned in the manufacture 

of indigo . 

2. The coloring principle in the green leaf is known as in-

dican which is a gluooside of indoxyl. The hydrolysis of the 

indican produces the indoxyl and glucose, and when the indoxyl 

is oxidised, indigotin is produced. 

3. The best method of obtain ng indigo from the green 

leaves must be such that the plant tissu a are in the f ineet 

state of division, and the xtraotion with ater is c rried 

out in an aoid medium,for from 30 to 33 ho re it the opti

mum temperature at 40°C. 

4. In the air dried leaTes the indican bas b n converted 

into , indigotin by the drying process. The ndigottn i sepa

rated out by converting it into indigo hit by eane of 

alkaline reducing agents only. The indigo h te o n erted 

into indigotin by oxidation follo ed b the reci t tion h 

an acid. The aximum yield of indigotin is obt ined hen 

5% solution of caustic soda and a suffici nt o ant t of z no 

powder are used, 

6. In the purification of the crude indigo manufac ured in 

the province of Toku hi a a ixtur of acetic and e h o 

ao ds as a solvent gives the beet result. 
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