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THE COLOR LAKES OF CONGO RED, 

INTRODUCTION 

Congo Red, the di-sodium salt of diphenyl-disazo-bis- - 

mapthylamine-4-sulfonio acid, forms a free, blue acid when 

treated with acids and the sodium replaced by hydrogen. 

This is insoluble but forms a colloidal suspension of nega¬ 

tively charged particles* The sodium salt is a dye substan¬ 

tive to cotton, and likewise, the free acid will dye cotton 

red from its blue sol. If a positively charged hydrous ox¬ 

ide sol is mixed with the blue acid sol, a color lake is 

formed by mutual precipitation. This lake will vary in color 

from red thru purple to blue depending upon the hydrogen ion 

concentration, the temperature, and the concentrations of 

the sols in the mixture. Much experimentation has been done 

to determine whether dyeing and the formation of color lakes 

are adsorption phenomena rather than stoichiometrio chemical 

processes. It is the purpose of this paper to investigate 

the formation of color lakes and the action attending dyeing 

by Congo Red. 

HISTORICAL PART. 

Bayliss (l) states, wIf to a solution of Congo Red an 

excess of HC1 be added, the blue free acid is precipitated; 

(l) Bayliss - Proc. Roy. Soc. 84B, 81, (1911) 



but, if the precipitate be suspended in water and dialysed, 

a deep blue colloidal solution is formed, as described in a 

previous paper (2). Freshly precipitated and well washed 

aluminum hydroxide is syapended in water and a small quantity 

of the blue acid colloid is added a dark blue precipitate 

falls, which can be washed by decantation, best by aid of a 

centrifuge, and again suspended in water. It remains dark 

blue and might hastily be supposed to be merely an aggregated 

portion of the acid colloid. That this is not so, and that 

the body contains aluminum hydroxide, is shown at once by its 

behavior on warming. When this is done, a red solution is 

rapidly formed at first, which on cooling, deposits flakes 

of a red substance, while the solution itself becomes pale 

in color. The same change occurrs at room temperatures but 

very slowly. It is evident that we have here., in the adsorp¬ 

tion compound formed first, acid and base existing side by 

side but uncombined. On heating, a chemical combination 

takes place with the formation of the aluminum salt of Congo 

Red which, like all the salts of this acid, is of a red color. 

Bayliss extended these observations with the alumina 

sol to sola of the hydrous oxides of iron, zirconium and 

thorium. His oxide sols were prepared by the hydrolysis of 

salts of the metals. He notes, *‘Like all solutions prepared 

in the way described, they still contain, even after pro¬ 

longed dialysis, traces of the original acid. If this is 

(2) Bayliss- Proce. Roy. Soc, 81B 269, (1909) 
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present in too large a proportion, no red salt is formed even 

on nesting the adsorption compound, ’* 

Assuming that the color change from the blue to red is 

due to the formation of a Congo Red salt, Bancroft (3) fails 

to see why the trace of acid should prevent the change, pro¬ 

vided there is an excess of the hydrous oxide with which the 

Congo Red can react, Blucher and Farnau (4) attempt to get 

around this difficulty by postulating, that hydrous alumina 

adsorbs and stabilizes a free red Congo acid which is assumed 

to be instable in aqueous suspension. This raises the ques¬ 

tion, why a trace of free mineral acid should prevent the 

adsorption and alleged stabilization of the red Congo acid. 

In this connection it may be mentioned, that Sohaposchnikoff 

and Bogojawlenski (5) have prepared a red Congo acid by allow¬ 

ing the pyridine salt to effloresce. 

Wedekind and Rheinboldt (6) have prepared hydrous oxide 

color lakes similar to those of Bayliss. They believe that 

there is present in an aqueous solution of Congo Red more or 

less of a free red acid of the dye which is changed to a 

blue isomer by acids. The red lake is believed to be a salt 

of indefinite composition which is formed thru reaction of 

the alumina and the free red acid. 

Before it is possible to make any deductions in regard 

to this action of Congo Red and the effect of hydrous alum¬ 

inum oxide upon it, it is necessary to investigate the color 

changes which the dye undergoes under various conditions. 

(3) Bancroft- Jour Pbys. Chem. 19, 50 (1915) 
(4) Blucher and farnau Jour Pbys. Chem. 18, 629 (1914) 
(5) Bogojawlenski and Sohaposchnikoff- Jour. Russ. Phy. Chem Soc. 

44, 1813 (1913) 
(6) Wedekind and Rheinboldt- Ber 52B, 1013 (1919) 



4 

It has been found (7) that Congo Red is blue at a pH 

value of 3, violet at pH of 4 and red at lower hydrogen ion 

concentrations. Bruoke (8) shows that carbon dioxide colors 

Congo Red purple, boric acid colors it violet, and with sal¬ 

icylic acid a blue or slightly violet color is produced. 

Arsenious acid, on the other hand seems to have no effect. 

He notes that the blue dolor produced by acids i3 insoluble 

and may be filtered off. When Congo Red is treated with aoid 

just sufficient to produce a purple color and heated to 50-60°% 

the solution becomes red and on cooling the solution returns 

to purple, This change does not fcaice place in the presence 

of an excess of acid, except in the case of boric acid. 

?/edekind and Rheinboldt (6) confirm the observations of 

Brucke and extend the experiments further. Wording with a 

solution, which has been made purple by adding HC1, they find 

that on heating the purple color changes to red and reverts 

again to purple on cooling. If the solution is treated with 

an excess of acid, it is blue and can not be turned red by 

heating. This reversible color change is produced by organic 

and inorganic acids and their acid salts. With carbon dioxide 

ana hydrogen sulfide the purple color is produced byt, after 

prolonged boiling, the red color remains due to the volatil¬ 

ity of the acids. With boric acid, the action takes place 

only in concentrated solutions and when cold, the purple 

color is produced; when boiled, a blue sol is formed which, 

on cooling, settles to a blue precipitate. Passing HCS 

(7) Salm- Z. Phys. Chem. 57. 471 (1906) 
(8) Brucke- Montasch 9, 31, Jour. Chem. Soc. Absts. 625 (1888) 



through Congo Red, causes a change from red through brown to 

blue-violet. Phenols seem to have no effect, while enols 

produce a purple solution. 

From the'observations noted above, it is shovm that the 

color change produced when Congo Red passes from basic to 

acidic solution is first from red to purple which is unstable 

on heating, and thence to a stable substance.which ia blue. 

This color change might, af first sight, be considered the 

change from the di-sodium salt of the acid to the free acid 

as: 

i -2HCI—*| 

/ KHz. 
C<b MA-N-W” CO tfs- 

CG.H^-N-N-C.TI?5 C<O H4--N =■ N-C,'ohis- 
, 'wHa. 

However, Hantzsoh {§) points out that if just sufficient acid 

is added to replace the sodium of the di-sodium compound, 

the solution is purple. Only on the addition of excess acid 

is the solution blue. 

Bogojawlenski (5), as well a3 Hantzsoh (9), states that 

the red solution is optically void .when examined under the 

ultramicroscope, while the blue solution is colloidal and has 
tYi'J " \ 

particles of the size lQQuu. From osmotic measurements, K 
Bayliss (2) believes the aggregates to be of twenty mole¬ 

cules each. Bogojawlenski also points out that the blue acid 

dyes cotton red. He used platinum dishes as containers for 

the dye solution* 

Schaposchnikoff (5) believes that the replacement of 

the sodium by hydrogen is not sufficient to account for the 

facts. Moreover, he rejects Shimanski’s (10) supposition 

9) Hantzsoh- Ber. 48 158, (1915) 
10) Shimanski- Mem. ¥os. lanu. Soc. 10 (1902) 
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tbat the HC1 is linked v/ith the amino group, due to the fact 

that the dye acid loses no HC1 on heating to 200 . Schapos- 

chnikoff attributes the color change to molecular rearrangement, 

where the red salt lias the azoid structure while the blue acid 

This blue acid he considers to be an inner salt in which one 

hydrogen atom is %iobile*V The facility of such hydrogen 

mobility is manifested where the HSO group is in the para 

position and the amino group in the meta position to a H:H 

grouping. This “mobilehydrogen is represented by the dotted 

line valence bond, as; I ! 

/\-N» lj _/\j/\ 
I 

• I 
I 

The actual arrangement of this hydrogen atom "depends, according 

to Schaposehnikoff, upon the physical conditions of the solu¬ 

tion, as for example, the hydrogen ion concentration and the 

medium used. The only difficulty with-these assumptions, is 

that there is no experimental proof of their accuracy. 

In an attempt to prove, all constitutional changes being 

excluded, that both salt formation and dissociation are opti¬ 

cally indifferent processes and that color changes, especially 

of indicators, are not due to the state of dispersion, Hantzsch (9) 

prepared two isomeric free acids of Congo Ked, one red and one 
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blue. These acids, he says, are in an equilibrium, the position 

of which is determined primarily by the nature of the solvent 

and secondarily, by the aoidity or alkalinity of the solution. 

Re believes that the red acid has tne azoid structure as: 

while tne blue acid has the quinoid structure as; 

rirl* H Hz'}' 

■2.0 O—ji' 

As stated previously, Hantzoch showed the free dye acid in 

aqueous solution to be purple in color and only on excess of 

acid is the solution made blue. He prepared red acid solutions 

by dissolving the solid blue acid, or water solution of the 

acid, in alcohol ox acetone. 

Rantzsch shows the influence of the solvent on the change 

from the red to the blue acid in the following manner; 30 c.cs. 

of red acid, 4000th molar is diluted to 250 c.cs. is turned blue 

by carbon dioxide or 6c.os. of tenth normal alcoholic HC1. 

30c,cs. of the same solution is taken and diluted to 250c.ee. 

with alcohol and on addition of 15c.cs. of tenth normal HC1 

or HgS04, changes from red thru brown-violet to a clear blue in 

3 to 5 minutes. He notes that the equilibrium is changed to¬ 

wards the blue by the blue acid settling out from solution, 

while it is displaced towards the* red by increased temperature. 

He claims to have prepared both acids optically void. 

The red acid is optically void and only after addition of strong 



sodium hydroxide does it flocculate out* The optically void 

blue acid was made by acidifying the alcohol or acetone solu- 

tions of the red dye acid* Actually these blue sols are opti¬ 

cally void* only when first prepared, but soon show the Tyndall 

cone. 

Since the color of sols is due at least in part to the 

size of the colloid particles, Wo* Ostwald is led to conclude 

that the color changes from red to blue in Congo Red (11) and 

Congo Rubin (12) is due to the agglomerating of finely divided 

red particles to coarser blue ones. This view is opposed by 

Lifschitz and Becic (13) who find the differences in the coeff¬ 

icients of refraction of the salt and free acid of Congo Kubin 

to b£ too great to be accounted for by the colloidal hypothesis. 

They favor, rather, the molecular rearrangement theory. Like 

wise, Hantzsoh (14) has shown that the sample, of helianthin 

used by Ostwald (15) was impure and the change in dispersion 

noticed, was due to the precipitation of the dye from true solu¬ 

tion by the crystalline impurity. 

From the above outline of the work done on the color 

change of Congo Red and its action in forming color lakes and 

in dyeing, the following conclusions -may be drawn. 

1. The color change of the dye is dependent on the hydrogen 

ion concentration of the solution, the temperature, and the 

solvent used. 

2. Two forms of the free acid may exist, namely the red 111) Ostwald Kolloid Chem. Beihefte-10, 179 (1919). 
12) Ostwald Kolloid Zeit. 24, 67 (1919) 
13) Lifshitz and Beck- Kolloid Zeit. 26, 58 (1920) 
14) Hantzsoh- Kolloid Zeit. 15, 79 (1915) 
15) Ostwald Kolloid Zeit. 10, 132 (1912). 
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and the blue.: The blue acid, is known to be colloidal and the 

red acid may o?.my not oe. ... . . . ,. 

3. The phenomena of dyeing and of color lake formation may 

be caused by the’ adsorption of the dye or the result of chem¬ 

ical combination in the orthodox sense. 

This pajt>er will attempt to show the nature of the color 

lakes of Congo Red and the reasons for their variations in 

■color,' : ' 

EXPBRIMEHTAL PART 

PREBtRATION OB COLLOIDAL SOLUTIONS. 

o Red used was a good grade of the commercial 

Thig,tp.s ..purified by the method of Hunter (16). 

Recrystallization from alcohol was carried out three times and 

the analysis of the purified salt showed 21.38 per cent sodium 

as sodium sulfate, compared to the theoretical value of 80.44. 

About seven grams of the purified dye was dissolved in 

400 c.cs. of water and sufficient normal hydrochloric acid add¬ 

ed to produce a blue curd. This was centrifuged at 8400 R.P.M. 

for fifteen minutes, At the end of this time, most of the pre¬ 

cipitated blue acid had settled out leaving a blue supernatant 

liquid. This liquid was poured off and replaced by water, the 

mixture shaken and centrifuged. The operation was repeated 

until sufficient supply of sol had been secured. On standing 

over night a small amount of the dye had settled out. An equal 

quantity of water ms then added to the sol and the mixture 

shaken until no settling was observed. This sol was then, placed 

(16) Hunter Biochem. Jour. 19, 42, (1925) 
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in, a five liter 'balloon flask and dialyzed continuously for 

seven days, using a cellophane membrane. Two days previous to 

the completion of the dialysis the exit water showed no test 

for chlorides. On evaporation the sol was found to contain 

0.704 gram of Congo Red acid per liter. Evaporation of a 

sample of the sol to dryness, treatment with H2SO4 and ignition 

showed that no sodium was present. 

Since alumina was found to give a typical lake with Congo 

Red, hydrous alumina in the form of a sol was used as the 

starting point in the preparation of all lakes. The sol was 

prepared in the following way:- 100 grams of aluminum Chloride 

was dissolved in 400 c.cs. of water and precipitated with 

ammonia. The precipitate was washed thoroughly by the aid of 

the centrifuge, suspended in water in a liter flask and peptized 

by the smallest possible amount of hydrochloric acid, which was 

adddd drop by drop to the mixture. The sol was dialysed boil¬ 

ing hot with a continuous flow of water, at the rate of two 

liters per hour, for approximately 100 hours. The resulting 

sol contained 1.7 grams of aluminum oxide per liter and 

0.000935 equivalents of Chlorine per liter. 

Both sols were protected at all times from carbon dioxide 

by soda lime tubes. 

6 6 
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As Eayliss has pointdd-out, lakes are formed by the mutual 

precipitation of the oppositely charged sols of alumina and. 

Congo Red acid. Preliminary experiments shov/ed that, if the 

ratio of the amount of dye to the amount of oxide sol was small 
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the lake was incompletely precipitated and red in color. As 

this ratio is increased the precipitation becomes complete and 

the lake varies in color from red through purple to blue. It 

was also found that very small amounts of the alumina sol com¬ 

pletely precipitated relatively large amounts of the acid sol. 

T£e lakes were prepared in all cases by using a mixing 

tubey fhis tube was constructed by joining two concentric Pyrex 

test tubes, so that the inner tube will hold one solution and 

the space between the tubes, the other. The outer tube was made 

of such length that when it was stoppered and inverted the 

solutions are instantly mixed. The procedure followed was to 

-f ■ ■ 
placerfche dye in the inner tube and the alumina sol in the outer. 

The -Jj&bewas stoppered with a rubber stopper, inverted and shaken 

vigorously for thirty seconds. The mixture was poured immediately 

into a Pyrex test tube and kept stoppered at all times with 

rubber stoppers. When acid was used this was added to the alumina 

sol previous to mixing. 

The first set of lakes was prepared to show the connection 

between the lake color and the concentrations of the dye and 

alumina colloids used. After mixing the tubes were placed in 

a water bath and the lakes heated at 100 for two hours. The 

tubes were then removed and allowed to stand for twelve hours 

and the observations made. Table 1 shows the composition of 

the color lakes together with the colors produced. 
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Table 1 

The Color of Alumina Lakes of Congo Rec. 

Ingredients Mixed. Color After Heating 
In o.cs. In Equivalents Precipitate Supernatant 

■ Liquid 
AI2O3 Lye Water AI2O3 Lye Chlorine 

' 1 x f°~4- )(i o~r yuo~6      

9 1 15 9 
D 0 K W,- 
2.16 .,“8.41- ' Red Pink 

8 2 15 1 8 4.26 7.47 Red Pink 
7 3 15 7 6.48 6.55 Red Colorless 
6 4 15 6 8.64 5.6 Red Colorless 
5 5 15 5 10.30 4.67 Purple Red 
4 6 15 4 12.96 3. 74 Purple Red 
3 7 15 3 15.10 2.8 Purple Red 
2 8 15 2 17.30 1.87 Slue Red 
1 9 15 1 18.4 0.935 Blue Blue 

Prom these experiments it is seen that although there is 

present at all times a large excess of aluminum, the lakes form¬ 

ed vary from red thru purple to blue as the concentration of the 

dye sol is increased. It will also be noted that, if one con- | 
\ f 

aiders all the chlorine present as aluminum chloride, the amount j 

of available aluminum for salt formation is in excess of the / 
/ 

requirements of a stoichometric ratio and still the lake is 

blue. 

In order to show the effect of acid upon the change of 

color of a given lake precipitations were carried out as shown 

by Tables 11 and 111. The lakes described in Table 11 were pre¬ 

pared and allowed to stand for two days at room temperature and 

the observations made. 

e> 

!? L. IU 

f 0 
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Table II 

Ingredients Mixed Color Without Heating 
in o,Q3, After Two Says 

|2°3 . Dye Water HC1 (0.0251) Precipitate Liquid 

L 1 0 2 18 0.00 Bed Colorless 
5 2 17.5 0.5 Blue Red 

/ 5 2 17.0 1.0 Blue Rile Blue 
! 5 2 16.0 2.0 Blue Light Blue 
/ 5 2 14.0 4.0 Apparently Ho Blue 

! 5 / 2 12.0 6.0 Precipitation Blue 

/ These observations show that the lake color is changed to 

I blue by very small additions of acid when the mixture is kept 

1 at room temperature. On addition of excess acid the lake is 

peptized. 

The lakes which are described in Table III were prepared 

exactly as those of Table II but were heated in a boiling water 

bath for two hours. These lakes were removed from the bath and 

centrifuged for 5 minutes at 3000 R.P.M. or allowed to stand 

for two days. In each case, the results were the same. 

Table III 

Ingredients Mixed Color After Heating 
in c.cs. 

A12°3 Dye ?/ater HCl (0.02511) Precipitate Liquid 

5 2 18 0.00 Red Colorless 
5 2 17.5 0.5 Purple Red 
5 2 17.0 1.0 Purple Colorless 
5 2 16.0 2.0 Purple Colorless 
5 2 14.0 4.0 - Purple Colorless 
5 2 12.0 6.0 Blue Colorless 
5 2 10.0 8.0 Blue Blue 

: 5 2 8.0 10.0 Slight Blue Blue 
Precipitate 
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The effect of heating the lakes, as shown, by these expert* 

ments, is to produce complete precipitation and to change the 

color of certain lakes from blue to purple. 

It seems unlikely that the Congo Red acid would react 

with the aged colloidal alumina which is only slightly soluble 

in concentrated strong acids. In order for the dye acid to form 

an aluminum salt, there must be present in the solution some 

salt of aluminum and a strong mineral acid. Thus, if an aluminum 

salt is to be formed, there should be an increase in the hydrogen 

ion concentration of the lake solutions before and after heating. 

With this in mind the lakes described in Table IV were prepared 

and the hydrogen ion concentrations of the Solutions measured 

before and after heating. 

In the first instance, the lakes were prepared and allowed 

to stand at room temperature for two days to insure equilibrium. 

At the end oi this time they were centrifuged and the supernatant 

liquid removed by a pipet. In the second instance, the lakes were 

heated for 15 minutes in the water bath at 100 , allowed to 

stand for two days, centrifuged and the supernatant liquid lifted. 

The pH value of this solution was determined using a Leeds Horthop 

(Type K) potentiometer fitted with a sensitive galvanometer. 

Table IV 

Ingredients Mixed Before Heating After Heating 
in c.cs. 

AIOOT: __Ex.e_ Water HC1 .1205H PH lake Color pH lake Color 
5 'lJl 2 18.0 0.00 7.229 Red 7.338 Red 
5 2 17.9 0.10 3.51 Purple 3.625 Purple 
5 2 17.8 0.20 2.60 Incom¬ 2.98 Purple 
5 2 17.7 0.30 2.45 plete 2.84 Purple 
5 2 17.6 0.40 2.28 Precipi¬ 2.72 Purple 
5' 2 17.4 0.6 2.15 tation 2.575 Purple 
5 2 17.2 0.8 2.14 2.57 Incomplete 
5 2 17.0 1.0 2.13, 2* 49 Precipitation 

r ^ i 
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Although it has been ol&imed that hydrogen ion.concentra¬ 

tions of Congo Red may be determined accurately (17}, it has 

been found that there is always more or less reduction of the 

dye in the electrode vessel and electrode poisoning. Consequently 

the accuracy of the results noted above is only to the first 

.decimal place in case the dye remains suspended in the solution 

and to the second decimal place in all other oases. This accuracy 

will suffice to show the general conclusion, that the effect of 

heating the lakes is to decrease the hydrogen ion concentration 

of the solution. This is in direct opposition to what one would 

expect if an aluminum salt were formed. 

If the lake produced by mutual precipitation of the blue 

acid sol and the alumina sol is the product of adsorption and 

not an aluminum salt, it should be possible to adjust the con¬ 

centrations of the dye and oxide sols to such a "point that when 

heated, the lake will be red and on cooling, it will turn blue. 

To do this a dye acid sol of 0.335 gram per liter was used. 

Two cubic centimeters of this were diluted to 35c.cs. with water 

and lc.c of alumina sol added. This precipitate was blue, after 

centrifuging and heating the lake was red. On cooling, and 

standing for some time the blue color returned. 

This group of experiments points out that the red lake, 

like the blue, is an adsorption complex and not an aluminum 

salt, as Bayliss has assumed. 

PREPARATION Of THE RED ACID OP COMO RED. 

Wedekind and Rheinboldt (6) showed that a solution of Congo 

(17) Ittisch and H. Runge- Kolloid Zeit. 37, 26, (1935) 
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Red, which had been carefully adjusted to the purple color 

with HC1* when heated will turn red and revert again to purple 

on cooling. Hantssch (Q) has prepared a red acid by dissolving 

the blue colloid in alcohol or acetone. It will be shown in 

the subsequent experiments that a very dilute aqueous solution 

of the red acid exists in equilibrium with the colloidal blue 

acid. 

In the course of our experiments it was observed that heat¬ 

ing a la&e suspended in water gave a red supernatant solution 

which was decolorised on cooling. Some further experiments 

bear on this point. 

Very dilute sols of the blue dye were prepared by adding 

to 100 c.cs. of water the amounts of the standard blue dye shown 

in the second column, of Table V. Each of these blue sols were 

placed in pyrex test tubes and heated for two hours at the temp¬ 

erature of the boiling water bath. The condition of the solutions 

after heating and on standing three hours is shown in the table. 

Mention should be made of the fact that all the sols are per¬ 

manently blue when not heated. 

Table V. 

Ho. , Concentration Color on. Heating^ Color on Standing 
Dye Sol 

cc.s 
Grams per cc. 
x lO*6 

1 0.2 1.4 q 00^3 
2. 8 f, £ 0 

Red Red 
2 0.4 Red Red 
3 0.6 4*2 /t .jo /( Red Red 
4 1.0 6.97^- ^ L Red Red 
5 2.0 13.8 Red Red 
6 4.0 26.3 Brown Blue 
7 6.0 39.8 Purple Blue 
8 8.0 52.1 Purple Blue 

. 9 10.0 64.0 Blue Blue. 
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If the dilution of the dye is high enough a red color is 

produced on heating which remains unchanged if the tubes are icept 

tightly stoppered. The permanent red color is not due to the 

alkalie of the glass as the same color is produced if the blue 

sols are heated in platinum dishes. The solution made of 2c.cs. 

of the dye add sol and 100c.cs. of water is interesting as it 

represents a critical point in the transformation. When this 

solution is removed from the water bath, it is orange-brown but 

changes to purple within fifteen minutes. With 4c.cs, of sol 

in 100 c.cs. of water a purple solution is obtained on heating, 

which changes to blue within three hours. 

DYEING OE COTTON. 

A very pure grade of cotton was taken and purified by 

extraction for three hours with both alcohol an$ ether in an 

Soxhlet extraction apparatus. This cotton was then dried and 

0.2 gram of it placed in each of nine test tubes. To this cotton 

was added 10 c,cs. of sols of the same concentrations as given 

in table V. The tubes were loosely stoppered, placed in a boil¬ 

ing water bath and heated for two hours, with the results given 

in Table VI. The effect of acid on the color of the cotton is 

shown in columns 3 and 4 of this table. 

Table VI. 

Solution No. Color Produced on Dyeing Cotton 
Without Acid-With Ic.c.-With O.Sc.c. 

  ; 0.024 IT HC1 0,024 IT HC1 
1. Pink Lavender Pink 
2. Pink Blue Pink 
3. Pink Blue Pink 
4. Pink Blue Lavender 
0 * Red Blue Blue 
6. Red •Blue Blue 
7. Red Blue Blue 
8. Red Blue Blue 
9. Red Blue Blue 
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When the ninth solution without acid was first removed from 

the water bath, the supernatant liquid was orange-brown in color. 

This brown on standing changed to purple and finally to blue, 

although the cotton was dyed red. A solution of the dye acid 

was made up so that it contained 10 c.cs. of the original Congo 

Bed sol to 75 c.cs. of water and cotton was dyed with it. In 

this case, the supernatant liquid remained blue at all times 

■while the cotton was dyed red. It should be noted that when 

cotton was dyed with acid present* the excess blue-sol is precipi¬ 

tated by the acid. For example, v/hen 1 c.c. of the acid is added 

to the solutions 6, 7, Q and 9 are all of the same intensity of 

blue and the excess of the dye acid is precipitated .-to-'the 

bottom of the tube. The same is true in the last two solutions 

when 0.5 c.c. of acid was used. < ■ 

A similar procedure is noted when the cotton is replaced 

by the alumina sol and a lahe produced. In doing these experi¬ 

ments the same sols of the dye acid were used. To 2 c.C3. of 

the oxide sol vvere added 10 ocs. of the several sols and heated 

again for two hours. Table VII describes the laJtees formed. 

Table VII 

Solution Bo. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Color of lake Produced 
Without Acid With 2c.cs. 0.024 M HC1 

Red 
Bed 
Red 
Red 
Red 
Red 
Red 
Red 
Red 

Precipitation 
Incomplete 

ft 

n 
• -ft 

1» 
Pi'ecipitation 
Complete 

H 

Red 
Red 
Red 
Red 
Red , 
Blue (Purple o .iptr 
Blue liquid) 
Blue 
Blue 
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From the above group of experiments, the conclusion is drawn 

that when a dilute solution of the blue dye acid containing up 

«»5 
to 2.63 x 10 grams per c.c.,is heated, it is gransformed into a 

red acid which is stable when cooled and allowed to stand. The 

brown and purple solutions produceu may be considered critical solu 

tions where both acids exist, Such a condition is unstable and 

on cooling the formation of the blue acid is favored. When 

cotton or a hydrous oxide are introduced into the solution the 

red acid is adsorbed.and the equilibrium is shifted towards the 

red. With a large excess of the blue acid the red is obscured. 

The red solution, that is found as a supernatant liquid above 

the lake when the lake has been boiled, is this red acid. This, 

on cooling, is either adsorbed by the lake or converted to the 

blue acid and precipitated. This should not be confused with 

the unprecipitated red lake which is often found when the 

neutral lakes are formed without heating. The effect of acids 

is to prevent the red acid from being formed. When the concen¬ 

tration of acid is not too great, the red dye acid may be formed 

arid then is adsorbed in preference to the blue acid. 

PROPERTIES OF THE RED ACID OF COEGO RED. 

The last step in this investigation was to determine the 

condition in which the free red acid exists in aqueous solution, 

Ultramieroscopie observations, using a Zeiss ultramictosoope, 

showed the red solutions, prepared by heating the dilute solu¬ 

tions of the blue sol, to be optically void. This was likewise 

true of the alcoholic solutions of the red acid. If a few drops 

of very dilute HC1 were added so that the solution was purple, 
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the ultramicroscope showed the Tyndall cone and finely dispersed 

particles which were red by reflected light. An alcoholic solu¬ 

tion which was made purple by the addition of acid shows the 

same effect. 

The untramicroscope is not entirely reliable in determining 

whether or not a solution is colloidal. Consequently attempts 

were made to determine whether the red acid would be agglomer¬ 

ated by electrolytes (18}. Sulfate ion is without effect, as 

would be expected, since it is improbable that the sol should 

be positive* Barium ion was next tried. Ten cubic centimeter 

portions of the acid containing 4.2 x 10~^ grams per cubic centi¬ 

meter v/ere treated with 1, 2 and 5 c.cs. of N/50 barium chloride 

solution. After 12 hours standing suspended particles appeared, 

which settled as a red precipitate in 3 days..,- This might indi¬ 

cate that the red acid was in colloidal solution, but the preci¬ 

pitate proved not to be the free acid but the insoluble barium 

salt of the acid. Substituting saturated sodium chloride sola- 

tion for the barium chloride, not only failed to give a preci¬ 

pitate on long standing* but the solution remained optically void 

when examined with the ultramicroscope. 

from these observations, the only conclusion which can 

be drawn is that the colloidal blue acid is very slightly soluble 

in water yielding a pinh solution. 

(18} Gf. Miohaelis and Bona- Biochem. Zeit. 103, 19 (1920} 



21. 

CONCLUSIONS. 

It has been shewn that the sodium salt of Congo Reel is 
(19) 

highly dissociated in dilute solution. J'ayliss claims that the 

ionization is 80$ at the dilution of 500 liters. It is reason¬ 

able to suppose that the red color, produced in solutions of 

the sodium salt, is due to the dye acid ion. If trie free acid 

is colloidal. .The experiments above show that, when this 

blue acid is in sufficiently high dilution, it can be converted 

completely into a red solution by boiling. The color change 

under these conditions is due to the transformation from the 

colloidal to true solution. The red acid is probably highly 

ionized in solution yielding the aye acid ion which produces 

the color. Addition of acids represses this ionisation and sub¬ 

sequently produces the insoluble blue acid. 

The formation of laices and the dyeing of cotton by the 

blue dye acid is then due to the•adsorption of the red acid ions 

in preference to the blue colloidal particles. When the condi¬ 

tions of temperature and hydrogen ion concentration are such that 

no red acid may be formed, the -laice is blue; if the hydrogen 

ion concentration is lowerea or the temperature raised the forma¬ 

tion of the red acid is promoted and the laice is red. 

(19) Bayliss- Proc. Roy. Sac. 84B 229, (1911) 


