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Introduction

Although dyeing is  one of the more important processes 

in  converting tanned skins into a saleable product, there 

has been r e la t iv e ly  l i t t l e  experimental work attempted to 

elucidate the exact nature of the mechanism by which th is  is  

accomplished. Only recently , in  the work of European 

in vestigators, has any attempt to define the nature of the 

forces involved been made. Yet, in  the past few years, 

great strid es have been made on th is  same problem in  connec­

tion  with other proteins and polyamide m aterials which, 

fundamentally, are very sim ilar to collagen, the basic 

protein of skin and hide. With th is  background o f work on 

sim ilar proteins, and the more recent in vestigations of 

leather, th is  study was in it ia te d  in  an attempt to more 

fu lly  in vestigate the d e ta ils  o f the dyeing mechanism.

This paper has confined i t s  scope to chrome tanned 

leathers dyed with anionic dyes, p articu larly  of the simple, 

monoazo type. These restr ic tio n s  are s t i l l  broad enough so 

that the principal tannage types and one o f the more impor­

tant c la ss  o f dyes are included.

The e a r lie s t  investigations of leather dyeing were 

primarily concerned with showing a stoichiom eteric combination 

of the dye with the leather, and the formation of s a lt  linkages 

was e ith er recognized or inferred (3, 4, 5, 13, 17, 18, 30,

43). A rather sim ilar view, but also postulating a Donnan 

membrane, was taken by Elod and Kohnlein (12). However,
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V ickerstaff points out that th is  view does not sa t is fa c to r ily  

account for the d ifferences in  the a f f in it ie s  of sim ilar  

dyes in  the case o f wool (43), and the same argument must 

necessarily  hold with leather* Nevertheless, work on other 

proteins has also indicated that e le c tro s ta tic  forces may 

not he ignored.

The role of secondary binding forces between the dye 

and collagen has not received much attention , although 

Gustavson (16) suggested th e ir  importance in  1928. Cockbain 

has also speculated that hydrogen bonding must be a major 

factor (7 ), although he has offered no experimental evidence 

in  th is  regard. More recently Otto (34) has shown that the 

p i, or mobile, electrons o f conjugated double bond systems 

play a d efin ite  role in  binding dyes to leather, leading to 

secondary forces which reinforce e lec tro sta tic  bonds.

Studies on proteins other than collegen has given much 

more evidence of the importance o f these secondary bonding 

forces ( i . e .  hydrogen bonding and van der Waal fo rces) (1,

9, 10, 19, 36, 38, 40, 41, 42). Klotz and his co-workers 

(22, 23, 24, 25, 26, 27) esp ec ia lly  have amassed a large 

amount of evidence showing that these weak forces explain  

the d ifferences in  binding o f dyes of sim ilar structure.

They have shown that dyes with the same number o f polar 

groups, but d ifferin g  in  the s iz e  o f th e ir  aromatic rings, 

have increased binding a ff in ity  for the protein with increased 

molecular weight, and conclude that these d ifferences are
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due to van der Waal in teractions, Teresi and Luck (45) have 

shown that increasing the length o f side chains o f  aromatic 

carboxylic acids a lso  increases the binding energy and th is  

increase i s  probably due to the e f fe c t  of additional van der 

Waal forces.

Gilbert (15) has also  shown that replacement of the 

benzene ring of several dyes by a naphthalene ring increases 

the a f f in ity  o f the dyes for wool, and concludes that secon­

dary forces must be important.

Karush (19, 20, 21) and Cogin and Davis (8) indicate  

that there are a lso  d ifferences in  the r e a c tiv ity  of the 

s it e s  on the protein and that configurational d ifferences o f  

both the dye and the protein contribute toward d ifferences  

in the binding. These conclusions are based on stud ies of  

competition between dyes and detergents for the protein  

s it e s  at various concentrations. Teresi (44) has also shown, 

by modifying the e-amino groups o f ly sin e  and the guanidinal 

groups of arginine with formaldehyde, that methyl orange 

does not bind at the same s i t e s  as n itrophenolates. And with 

wool, Speaknan and E l l io t t  (39) indicate that deamination 

reduces dye a f f in ity ,  but that combination with weak acids i s  

not so le ly  through the amino group.

There i s  a lso  evidence from the investigations of nylon, 

a polyamide free of the confusing e f fe c ts  o f varying side  

chain groups, that both e le c tro s ta tic  and hydrogen bonding 

to the peptide groups occur (6, 29, 49). This is  due to the
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a b ility  of nylon to bind amounts o f dye far in  excess o f  

that accounted for by the free amino groups. However, Klotz 

(22) has demonstrated that dyes with phenolic groups para 

to the azo linkage are bound more strongly than those with 

the phenolic groups in  the ortho p osition . He attributed  

th is  d ifference to the a b ility  o f the la tte r  to  form an 

intramolecular hydrogen bond and the stronger in teraction  

o f the para isomer with the so lven t.

In the sp e c if ic  case of chrome tanned collagen, consid­

eration  must a lso  be given to the p o ss ib ility  o f  reaction  

of the dye with the chrome complex. Elod and Hansel (11) 

stated that, in  dyeing chrome leather, part o f the dye is  

combined with the protein  and part with the complex. Otto 

(33) has recently  shown that anionic dyes w i l l  penetrate the 

basic chrome complexes in  so lu tion , and sta tes  that th is  

also  occurs on the lea th er , with the degree of such combina­

tion  being determined by the ra tio  of the molecular weight 

to the number o f su lfon ic  acid groups on the dye. Tewari 

and Ohosh (46) have a lso  shown that both acid and basic  

dyes can be bound by hydrated chromic oxide (2 ).

Therefore, a study of the dye-leather system must consider 

four types of bonding forces: (1) e le c tr o s ta t ic  bonds or

sa lt  linkages between the free amino groups o f the protein  

and the su lfon ic  acid groups of the dye, (2) hydrogen bonds 

between the active hydrogens of the dye and the centers o f  

high electron  density  on the protein, or between active
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hydrogens on the protein and the azo l inkage of the dye,

(3) short range van der Waal forces between the dye and the 

protein, and (4) coordinate bonds between the dye and the 

chrome complex. From other in vestigation s these types of 

forces have been shown to occur in  dye-protein systems or 

dye-chrome systems. S tr ic t  covalent bonding has not been 

seriou sly  considered for these systems in  the past, and has 

not been investigated in  th is  work.

Experimental Plan

The in i t ia l  problem to be solved in  th is  study was 

an adequate means o f evaluating the dyeing of the leather.

In order to answer th is  question, and to provide some addi­

tio n a l information needed in the approach to  the problem of 

the sp e c if ic  bonding forces involved, a survey experiment 

was carried out. Four types of chrome tannages and depickled, 

untanned stock were dyed with four d ifferen t dyes at f iv e  

pH le v e ls  to get an estimate o f the e f fe c t  o f each o f these 

sources o f variance (See Figures 1 and 2 ) . In addition one 

undyed set was carried as a control. This entire experiment 

was se t  up on a Latin Square plan and the dyeings were analyzed 

in  terms of dye bound, surface coloration, and physical 

properties o f the leather.

The preliminary experiment indicated that the rate of 

dyeing and the amount of dye bound in  a given period were 

the most valuable means of evaluating the dyeing. I t  also 

provided some indications that secondary valence forces were
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important, and that the e ffec t  o f polar groups could not he 

ignored. In addition the in i t ia l  experiment was d elib erately  

designed to give information as to the e f fe c t  of between skin  

and w ithin  skin v a r ia b ility  on dyeing.

With th is  preliminary information at hand, work was 

designed to attack the problem o f the sp e c if ic  forces in ­

volved. Four dyes of sim ilar con stitu tion  were se lected , so 

that th e ir  structural d ifferences would enhance or in h ib it  

various types of bonding (Figure 3 ) .  Orange I I  (C .I. 151) 

was chosen as the basis fo r  comparison. Then Orange I 

(C .I. 150), which d iffer s  only in  that the phenolic group 

is  para instead of ortho to the azo linkage, would have a 

greater p o ten tia l for hydrogen bonding to the substrate since 

the p o ss ib ility  o f forming an intra-m olecular bond to the 

azo lin k  would not be present. Fast Red A (C .I. 176) was 

selected  because the added aromatic ring would increase the 

molecular weight, and, consequently, i t s  van der Waal attrac­

tion  would be greater than that of Orange I I . F in ally  Red II  

was chosen to show the e f fe c t  o f increased su lfon ic acid 

groups and, therefore, greater s a lt  formation p o ten tia l.

Recalling that penetration o f the chrome complex by 

the dye has been suggested as playing an important role in  

the dyeing, tannages were used that presented varying degrees 

of d if f ic u lty  for the penetrant. An unmasked tannage was 

used as a basis of comparison, and formate masked and tar­

trate masked tannages were selected  to give ea s ily  and
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d if f ic u lt ly  displaced anions respectively* In addition, the 

tartrate anion gave an increased p o ss ib ility  for hydrogen 

bonding through i t s  hydroxyl groups. A fourth tannage, 

unmasked and retanned with formaldehyde was also included*

It was f e l t  that the formaldehyde would react with the free  

amino groups and thus in h ib it s a lt  formation a t those s i t e s .

F in a lly , the pH was varied to study i t s  e f fe c t  on these 

other variables. Dyeings were run both at a pH s lig h t ly  above 

the iso e le c tr ic  point o f the tanned stock, and at a pH more 

nearly comparable to normal dyeing procedure.

This entire experiment was designed to be analyzed by 

the analysis of variance technique, thus giving a s t a t i s t ic a l  

basis to the information obtained. The dyeings were evaluated 

using the rate o f  dyebath exhaustion as the cr iter io n .

To determine i f  the dyes were held in  the same manner 

and by the same mechanism that was responsible for i t s  takeup 

by the leather, an additional experiment was made on the dry, 

dyed leather. The leather samples were ground and subjected 

to continuous extraction with agents that are known to be 

sp ec ific  bond breakers. Water was used as a basis for com­

parison and the samples were washed with various sa lts  at a 

constant ra te . Urea, sp ec ific  for breaking hydrogen bonds, 

sodium su lfa te , to break sa lt  lin k s, and sodium oxalate, 

which is  a very strong complex penetrant, were used to wash 

out the dye held by these various types of fo rces. The wash 

liquors were then analyzed for th e ir  dye content and the
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percent dye removed by each could be calcu lated .

From the data obtained on the uptake of the dye by the 

leathers, the e f fe c t  o f the various factors on the dyeing 

could be determined. Thus, a basis for  postulating the 

mechanism was obtained. S im ilarly, the e f fe c t  of the various 

washing agents indicated the forces involved in  holding the 

dyes on the dry leath er .

Procedure

A. Survey Experiment — An in i t ia l  experiment was made 

to determine the important factors fo r  further study and to 

determine the optimum tannage and dyeing conditions. Pickled 

ca lfsk in s were cut into four inch squares and conditioned in  

a standard pickle so lu tion  a fter  marking for id e n tif ic a tio n . 

The pickle liquor contained 12 per cent sodium chloride on 

the so lu tion  basis and was made acid with su lfu r ic  acid , to 

an equilibrium pH o f 2 .6 . The pieces were held in  th is  liquor 

and withdrawn as needed.

A 31 per cent basic chrome liquor was prepared by the 

reduction o f chronic acid with su lfur dioxide and subsequent 

neutralization  with calcium hydroxide. Portions o f th is  

liquor were masked with sodium tartrate to give a molal 

ratio  of one mole of tartrate to s ix  moles of chromium.

Tannage was accomplished with the unmasked and tartrate  

masked chrome solu tions on the pieces designated in  the 

design (Figure 1) in  the follow ing manner: The p ieces were

placed in  one quart g lass jars containing f iv e  per cent
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sodium chloride and 1*48 per cent chrome (as the oxide) on 

the wet stock weight, and enough water to give a f lo a t  of 

3:1 . The jars were placed in  a launderometer and run for  

four hours at 90° F . , a fter  which the temperature was raised  

to 100° F. and the run continued for an additional 20 hours. 

The pieces were then neutralized to pH 3 ,5  by the addition  

of several feeds o f borax so lu tion  at the same temperature, 

and again run for 24 hours. A small additional amount of 

borax was needed to bring the f in a l pH to 3 .4 -3 .5 . The 

pieces were removed from the exhausted liquor and placed in  

the deep freeze (-10° F .) u n til needed for dyeing.

The pieces needed in  the two bath tannage were placed 

in  one quart g lass jars containing two per cent hydrochloric 

acid and f iv e  per cent sodium dichromate (based on the wet, 

pickled weight o f  the skin) and su ff ic ie n t  water to  give a 

f lo a t  o f 2 ,4 :1 . The jars were placed in  the launderometer, 

and, a fter  running for 24 hours at 75° F . , then removed.

They were placed grain-to-grain  between two b lo tters , 

saturated with water, and wrapped in  a damp towel for 24 

hours. At the end of th is  period the pieces were placed in  

jars containing 30 per cent sodium th io su lfa te  (on the wet, 

pickled weight) and 300 per cent water, and run in  the laund­

erometer at 90° F. for 24 hours. During th is  time, d ilu te  

hydrochloric acid was added in several feeds so that the 

f in a l pH o f the system was 3 ,3 -3 .4 .
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The samples that were depickled were placed in 600 

per cent 0.17N acetate buffer of pH 4 .8  for two days with 

good ag ita tion . They were then transferred to 500 per cent 

of Q.1N acetate buffer at pH 3 .3 .containing fiv e  per cent 

sodium chloride on the solution  b asis, and held in th is  

solution  for two days with agitation . The samples were 

then removed and frozen.

The frozen samples were prepared for dyeing by placing 

the appropriate pieces in 0.1N acetate buffers (700 per cent 

on the wet pickled weight) of the required pH for 2 .5  hours. 

They were then removed and placed in  their respective g lass  

jars containing 100 per cent of the appropriate dye solution  

(O.IM), 170 per cent of 0.017N acetate buffer o f  the same 

pH as previously, and 3 .4  per cent sodium chloride, a l l  on 

the wet, pickled weight b a sis . The jars were placed in  the 

launderometer for 2.5 hours at 120° F . , removed, the samples 

washed with 600 per cent water tw ice, and the pieces tacked 

to dry.

One m i l l i l i t e r  samples of the dyebath were removed before 

the skins were added, and every 30 minutes thereafter, and 

the dye concentrations at each o f these in tervals determined 

spectrophotom etrically. The washings were also saved to 

determine the amount of dye removed under these conditions.

A ll o f the samples were treated in th is  manner except 

those mordanted. In th is  case, two per cent of dry sumac 

extract in  300 per cent water was placed with the samples in
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jars a fter  the in i t ia l  buffer was added. The jars were then 

run in the launderometer for one hour at 120° P ., the excess 

liquor discarded and the samples washed with 600 per cent 

water for 30 minutes. The samples were then blotted dry and 

dyed as above.

The above dyeings were evaluated for  dye uptake before 

and after washing, surface coloration , and ten sile  strength. 

These resu lts w i l l  be discussed below.

B. Dyeing Rate Study — A more detailed  study o f the 

factors in  leather dyeing was made by in vestigation  of the 

rate of dyebath exhaustion. Pickled calfsk ins were cut into 

one inch squares, a l l  taken from the area shown by previous 

work to give the most reproducible dye exhaustion resu lts  

(37). These were placed in a pickle liquor containing 12 

per cent sodium chloride and enough su lfuric acid to bring 

the pH to 2 ,5 , After a minimum conditioning period of fiv e  

days in the p ick le, the pieces were removed and divided into  

four groups for the tanning.

Each group was tanned with 31 per cent basic chrome 

liquor — unmasked (two groups), tartrate masked, or formate 

masked. The masking agents were prepared in the same ratio  

as in the previous experiment. Each group of pieces was 

placed in  an empty glass jar with an amount o f liquor equiva­

len t to 0.0149 grams chrome (as the oxide) per gram of wet, 

drained pickled skin, and 0.05 grams sodium chloride per 

gram of skin . Enough water was added to give a 1 .5 :1  f lo a t ,
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and the tannage was carried out in the launderometer at 90°

F. for 24 hours. At the end o f th is  period the tannages were 

neutralized with borate to pH 3 .5  -  4 .0  and allowed to se t  

48 hours. The pH was again checked and adjustments were made 

to bring the f in a l pH to 3 .5 . One group o f the unmasked, 

chrome tanned pieces was retanned by running them with 100 

per cent water, two per cent borax, and one per cent formal­

dehyde ( a l l  based on the wet, tanned weight) in  the laund­

erometer at room temperature for 48 hours. As each o f the 

tannages was completed, the pieces were placed in the deep 

freeze for storage.

The pieces were divided into groups of about 50 grams 

each for dyeing according to the experimental design. Each 

group was placed in  1000 per cent acetate buffer o f pH 3.6  

or 4 .7  according to the plan, and held there 16 hours. The 

pieces were then removed and placed in  a one quart jar con­

taining 0,0001 moles of the appropriate dye per gram o f  the 

wet, tanned leather with enough water to give a f lo a t  of 3:1  

and having a buffer concentration of 0.2N acetate buffer at 

the correct pH. The dyeing was carried out in  the laundero­

meter at 120° F. One m i l l i l i t e r  samples of the dye liquor 

were removed at time intervals o f 0, 1 /3 , 2 /3 , 1, l j ,  2, 3 , 

and 4 hours, by which time the dyeing rate had reached a 

fa ir ly  constant value. At the end of the dyeing time the 

exhaust liquor was drained o f f ,  and the leather rinsed with 

500 per cent water. The washings and the exhaust liquor
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were combined fo r  an alysis.

After rinsing  the leather was placed in  the hydraulic 

press between two b lo tters and the uncombined dye pressed 

out at a pressure of 4000 p s i. The samples were then air  

dried and weighed.

From the dye concentration at each time in terv a l, which 

was determined spectrophotom etrically, the dye take-up rate 

curve was plotted for each case.

C. Dye Removal Study: Each o f the above dyeings was

ground in  the Wiley M ill and subdivided according to the 

experimental plan. Samples of 1.500 grams each, for a l l  of 

the above dyeings done at pH 3 .6 , were washed with water, 

f iv e  per cent sodium su lfa te , s ix  molar urea, or one per 

cent sodium oxalate. The washing was carried out with a 

modified Wilson-Kern apparatus, described by Kremen and 

Loilar (28), and the wash so lu tion  collected  at the rate o f  

one l i t e r  per hour. The concentration of the dye in  the 

wash liquors was determined spectrophotom etrically at in ter­

vals o f 0, § , 1, 2 , 3 , 4, and 5 hours. From th is  data the 

re la tiv e  amounts o f dye removed from each sample for each 

washing so lu tion  could be determined.

Discussion of Results

Dye uptake was calculated as the d ifference between the 

amount of dye remaining in  the bath at the end of the dyeing 

and the amount in i t ia l ly  present for the survey experiment 

(Table 1 ). The s t a t i s t i c a l  analysis of the Latin Square
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Table 1

Survey Experiment 
Moles Dye Bound x 10?

Tannage s

Dye
D ep ick led ,

Untanned Unmasked

Unmasked,
Quebracho
Mordanted

T artrate
Masked Two Bath

Orange G 4 .0 0 4 .1 0 3 . 6 2 4 .23 3 .2 4

M alach ite
Green

1 .2 4 1 .6 9 2 .2 4 1 .37 3 . 6 1

Orange I I 3 .6 1 4 .5 1 3 .7 6 4 .1 0 3 .7 5

Phenol Red 2 . 21 3 .5 1 3 .3 5 3 .6 9 2 .9 3

Undyed 0 .0 0 0 .0 0 0 .00 0 .0 0 0 .0 0

S t a t i s t i c a l  A n a ly s is :

Source o f  D egrees o f  Mean 
V ariance Freedom Squares

Dyes
Tannages
pH
Areas
R esid u a l
T o ta l

4
4
4
h.
g

24

l 31 ,; 
1 ,422  
U-,807 
2 ,131  
3 ,2 1 7

4o. $3 
0 .44
1 .4 9
0 . 6 6

S ig n if ic a n c e  
Level ___

0 .0 0 1
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established a sig n ifica n t variation  in  the amount of dye 

taken up due to dyes, but there was no s ig n ifica n t d ifference  

due to pH or substrate. I t  was f e l t  that the reason for the 

fa ilu re  of the method to show variations in  these la t te r  

factors was due to the extremely large variations in  the 

dyes used. In one case, no dye was added, and th is certain ly  

contributed to a large extent in  the s ig n ifica n t between dyes 

variance. Therefore, i t  was concluded that th is  source of 

variance would have to be much more r ig id ly  controlled in  

order to pick up small d ifferences due to variations in  the 

pH and substrates.

When the moles o f dye bound after washing (Table 2) 

was taken as the cr iter ion , there was a s ig n ifica n t variation  

due to tannage. Again, there was a s ig n ifica n t difference  

due to dyes, and no d ifference due to pH. The substrate was 

then influencing the manner in  which the dyes were held, and 

apparently tannage influenced the dyeing. However, the data 

were in su ffic ien t to prove th is  point with th is  experimental 

design.

One other conclusion could be drawn from the data obtained. 

The variations due to sample area used were in s ig n ifica n t, and 

the between skins d ifference also showed no sign ifican ce .

Color d ifferen ce , in  terms of judds, was determined on 

each o f the leathers with the Hunter Color D ifference meter 

using a single white porcelain plate as the standard (See 

Table 3 ) . It was determined that the dyes and type of tannage
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Table 2

Survey Experim ent ^
M oles Dye Bound A fte r  Wash x  ICk

Dye

Tannage s__

D ep ick led , 
Untanned Unmasked

Unmasked,
Quebracho
Mordanted

T artra te
Masked Two Bath

Orange G 3-37 3-27 3 .6 9 3 .9 2 2 .9 7

M alach ite
Green

‘ 0 .9 3 1 .2 9 2.4S 0 .9 6 2.4-6

Orange I I 2 .6S 4 .3 3 3.4-5 3 .2 5 3 .5 0

P henol Red 1 .6 7 3 .13 2 ,9 1 3 .2 9 2.4-2

Undyed 0 .0 0 0 . 0 0 0 .0 0 0 . 0 0 0 . 0 0

S t a t i s t i c a l  A n a ly s is :

Source o f  D egrees o f  Mean S ig n if ic a n c e
V ariance Freedom Sauares F L evel

Dyes
Tannages
pH
R esid u a l
Total

4
ii
ii-

12
24

113 ,933  59 -34  
6 , 964- 3 .6 3
3 , 0 7 6  1 . 6 0
1 , 9 2 0

0 .0 0 1
0 . 0 5
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Table 3

Survey Experiment 
C olor D iffe r e n c e  In Judds

Tannage s _________________________

Dye
D ep ick led ,

Untanned

Unmasked, 
Quebracho 

Unmasked Mordanted
T artrate
Masked Two Batfc

Orange G 79.3^ 72 . 2*1- 6*1-. 01 71.^3 67 .01

M alach ite
Green

30 .15 7^.23 73.91 67 .59 70.63

Orange I I 75 .05 72.72 6 5 .1 6 6*1-. 37 62.37

Phenol Red 72 .5^ 53.2*1- 55.30 57 .92 5*^99

Undyed 63.39 21.95 3 2 .6*4- 13 .70 13 .96

S t a t i s t i c a l  A n a ly s is :

Source o f  D egrees o f  Mean 
V ariance Freedom Squares! F

S ig n if ic a n c e
Level

Dyes
Tannages
pH
R esid u a l
T o ta l

CM
.=f- 

■H 
CM

1

6,053
1,199

157
635

26 .51
5 .2 5
0 .69

0 .0 1
0 .0 5
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have s ig n ifica n t influence on the surface coloration, hut 

that the pH o f dyeing did not.

The physical t e s t s ,  te n s ile  strength (Table 4) showed 

no sign ifican t influence by the dyes or pH on these proper­

t ie s ,  but that the substrate (or tannage) influence was 

s ig n ifica n t. This was at le a s t  in  part due to  the e ffe c t  

of the untanned pieces on the re su lts .

The data from the dyeing rate study were calculated to  

determine the moles of dye remaining in  the dyebath at the 

various time in terva ls . I t  was found that th is  data could 

then be best r e c t if ie d  to give an approximately linear  

relationship  by p lo ttin g  time against the reciprocal moles 

of dye.in  the dyebath per gram o f dry leather. The slopes 

of these curves are tabulated in  Table 5. The amount of 

dye remaining on the leather was determined from the d if ­

ference between the amount o f dye fed and dye remaining in  

the combined exhaust bath and washings. The moles of dye 

washed out o f each sample by water, urea, oxalate and su lfa te , 

were also calculated. Then assuming a linear relationship  

between the amount of dye on the leather and the amount 

washed out, the per cent o f dye removed from each sample by 

each o f the agents was determined and is  lis te d  in  Table 7.

The data in  Table 5 indicate a variation  between the 

exhaustion rates of the dyebath for d ifferen t types of 

leathers. Analysis of the data (Table 6) shows that th is  

difference is  r ea l. I t  w i l l  be noted that the means o f the
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Table 4-

Survey Experiment 
T e n s ile  S tren gth  in  Pounds per Square Inch

Tannage s _ ____________ _______________________________
Unmashed,

D ep ich led , Quebracho T artrate
Dye Untanned Unmashed Mordanted Mashed Two Bath

Orange & 222 126 102 121 176

M alachite
G-reen

igo 14-6 169 14-4 120

Orange I I 202 108 160 14-0 166

Phenol Red lg 4- i 4o log 132 13 s

Undyed 156 121 156 151 115

S t a t i s t i c a l  A n a ly s is ;

3ource o f  D egrees o f  Mean S ig n if ic a n c e
Variance Freedom Squares F L evel

Dyes 4- 239 O.32
Tannages 4- 2 ,S36  3*^0 0 .05
t>H 4 231 0 .31
R esid u a l 12 745
T o ta l 24-
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Dye and pH 

Orange II

Orange I

Red II

Table 5

Rate of Dyebath Exhaustion 
Expressed in  Units of 10?/mole-hour

Tannages__
Unmasked

“Formate
Masked

“Tartrate
Masked

“Formaldehyde" 
Treated Means

. 6 1 . 2 7 1 . 0 9 1 .3 3 1 .1 2 1 .1 4 1 .0 4 0 .3 3 0 . 9 4 1 . 1 0

.7 1 . 0 2 0 . 9 6 1 . 1 3 0 .9 2 0 . 7 1 0 . 7 2 0 .5 5 o .5 3 0 .3 2

. 6 0 .3 3 0 .9 7 0 . 9 3 1 .0 9 0 .9 3 0 .7 5 0 .7 9 0 .6 4 0 . 3 7
-.7 0 .3 2 0 . 3 0 0 .3 9 0 . 9 0 0 .7 3 0 . 7 2 0 .5 3 0 . 4 9 . 0 . 7 4

A
.6 0 . 6 1 0 . 6 1 0 .3 0 0 .6 7 0 . 5 2 0 .5 4 0 . 5 0 0 .4 3 0 .5 9

-.7 0 .1+5 0 .4 3 0 . 1+7 0 . 4 4 0 . 1+2 0 . 4 7 0 . 3 6 0 . 3 6 0 .4 3

. 6 0 . 2 1 0 . 2 2 0 .2 0 0 .2 1 0 . 2 1 0 . 2 2 0 . 1 3 0 . 1 5 0 .1 9
-.7 0 .1 3 0 .1 3 0 .1 3 0 . 1 6 0 . 11+ 0 . 1 6 0 . 1 0 0 .0 3 0 . 1 5

Means 0 .6 7 0 .7 2 0 .5 9 0.1+7

to
03
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Table 6

Dyebath Exhaustion Hate

1. Analysis of Variance

Source of 
Variance

Dye 8
Tannages
pH
Dye-Tannage
Dye-pH
Tannage-pH
Dye-Tan-pH
Duplicates
Total

Degrees of 
Freedom

3
3
1
9
3
3
9

63

Mean
Squares

1.944
0.1379
0.3^59
0 .0 2 0 5
0 .0 3 6 2
0 .0 0 3 3 6
0 .0 0 5 9 6
0.00432

4 0 3 .
3 9 .0
50 . 1

4 . 2 5
7 .51
o .go
1 .24

Significance
Level1

0 .0 0 1
0 .0 0 1
0 .0 0 1
0 .0 0 1
0 .0 0 1

2. "t" Test Between Means*

Means Compared

Unmashed and Formate Masked Tannages 
Unmashed and Tartrate Mashed Tannages 
Unmashed and Formaldehyde Treated Tannages 
Orange II and Orange I 
Orange II and Fast Red A 
Orange II  and Red II

Significance
Level1

0.01
0.01
0.01
0.01
0.01

1 P rob ab ilities of le s s  than 95$ were not considered mean­
ingfu l.

2  The follow ing formula was used for "t":

where _ 12 (Mean Square for Duplicates! 
tf no. in the mean

xi -  xg
s
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unmasked and formate masked leathers are only s lig h tly  

d ifferen t, and the s t a t i s t i c a l  "t" te s t  indicates that there  

i s  no s ig n ifica n t variation  between these fa cto rs. However, 

there i s  a rea l difference in  the mean rate o f exhaustion  

between both the tartrate masked and formaldehyde treated  

leather and the unmasked tannage.

Since the means of the formate masked and the unmasked 

leathers are not s ig n ifica n tly  d ifferen t in  regard to the 

ease o f dye removal (Table 7 ) , i t  is  probable that the dye i s  

taken up and deposited on the leather by the same forces in  

each case, and that there i s  no d ifference in  the e f fe c t  of 

the formate masked tannage and the unmasked tannage with 

regard to their influence on the dyeing. In other words, 

the dye seems to displace the formate and the su lfate groups 

from the chrome complex about equally.

The mean o f the tartrate tannage shows a s ig n ifica n t  

departure from that o f  the unmasked tannage in  regards to i t s  

e ffe c t  upon dyebath exhaustion. The former binds le ss  dye, 

and the dye that is  bound is  more e a s ily  removed (Tables 5 

and 7 ). Since the only d ifference in  the two leathers is  

the presence of the tartrate group compared to the s u lfate  

group, the d ifferen t e f fe c t  in  dyeing rates must be assigned 

to the tartrate ion. The tartrate anion is  much more t ig h tly  

held than the su lfa te , and the dye apparently displaces i t  

with d if f ic u lty  or not at a l l ,  thus lim itin g  the number of 

s it e s  available to i t .  Then the dyeing ra te , or the rate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

of dyebath exhaustion, i s  reduced and the dye i s  more readily  

removed.

Formaldehyde treatment of chrome tanned leather reduces 

the number of free amino groups available fo r  the formation 

of e le c tro s ta tic  bond formation with the su lfon ic acid group 

o f the dyes. Then the s ig n if ica n tly  lower exhaustion rate 

of the formaldehyde treated leather (Table 5) may be attributed  

to the reduction o f the number of s it e s  ava ilab le , or to the 

decrease in  charge o f the leather. Since there is  no d if ­

ference in  the means for  dye removal (compared to unmasked

leath er), the second factor o ffers the most lo g ic a l explana­

tion* Thus, the charge on the leather i s  a fa cto r  in  con­

tro llin g  the rate of exhaustion of the dye, but the dye i s  

bound to the leather ch iefly  through linkages other than 

an e lec tro sta tic  bond with the free amino groups.

I t  i s  apparent from examination o f the means o f the 

dyes in  Tables 5 and 7 that the exhaustion rate and the ease 

o f dye removal are influenced s ig n if ic a n tly  by the con stitu ­

ent groups on the dyes. This i s  confirmed in  the analyses 

of variance in Tables 6 and 8. in addition, the rate of 

exhaustion o f the dyebath shows s ig n ifica n t dye-pH and dye- 

tannage in teraction s, indicating that the rate o f exhaustion 

of the dyes i s  influenced by both the pH and the type o f  

tannage. Also, the s ig n if ic a n t dye-washing so lu tio n  in ter­

action for  dye removal shows that these factors are not 

independent.
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Table 8

Dye Removal

1 . A n a ly s is  o f  V ariance

Source o f  
Variance

Dyes
Tannages 
Wash S o lu t io n  
Dye-Tannage 
Tannage—Wash 
Dye-Wash 
Dye-Tan-Wash 
D u p lica te s  
T otal

D egrees o f  
Freedom

3 
3 
3 
9 
9
9

27 
64- 

127

Mean
Squares

204-0. 
9(5.73 

19154-. 
48.4-8 
4-6.34- 

2939.  
3 2 .7 9  
3 7 .0 6

55 .1
2.66

516.8
1 .3 1
1 .2 5

79.3
o.88

S ig n if ic a n c e
Level*

0 . 0 0 1
0.05
0 .001

0 .0 0 1

2 . " t” T est Between Means

Means Compared

Unmasked and Formate Masked Tannages
Unmasked and T artrate  Masked Tannages
Unmasked and Formaldehyde T reated  Tannages
Orange I I  and Orange I
Orange I I  and F ast Red. A
Orange I I  and Red I I
Water and Sodium O xalate
Water and Sodium S u lfa te
Water and Urea
Sodium O xalate and Sodium S u lfa te  
Sodium O xalate and Urea 
Sodium S u lfa te  and Urea
Orange I I  and Orange I (Sodium O xalate Only) 
Orange I I  and Orange I (Sodium S u lfa te  Only) 
Orange I I  and Orange I (Urea Only)
Orange I I  and Fast Red A (Sodium O xalate Only) 
Orange I I  and F ast Red A (Sodium S u lfa te  Only) 
Orange 11 and Fast Red A (Urea Only)
Orange I I  and Red I I  (Sodium O xalate Only)
Orange I I  and Red I I  (Sodium S u lfa te  Only)

I I  and Red II  (Urea Only)

S ig n if ic a n c e
L ev e l1

0 .0 5

0 .02
0.01
0 .05
0.01
0.01
0.01
0.01
0.01
0.01

0.01

0 .0 1
0.01
0.01
0 .05
0.01
0.01Orange

1 P r o b a b i l i t ie s  o f  l e s s  than 95^ were n ot co n sid ered  mean­
in g fu l  .
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It  i s  noted from Table 5 that Orange I exhausts more 

slowly than Orange II , although these dyes d iffe r  only in  

the position  of the phenolic group (See Figure 3 ) . This 

difference in  rate may be attributed to the stronger in ter­

action of the para phenolic group of Orange I  with the s o l­

vent, as suggested by Klotz (22), Then, in  the competition 

between the leather and the so lution  for the dye, the Orange 

II  is  more readily taken up by the leather because o f its  

lower probability o f in teraction  with the solvent than is  

Orange I. However, i t  was a lso  noted that both o f these 

dyes are removed with the same ease from the leather by urea 

(Table 7 ). The "t*1 te s t  fa iled  to indicate a s ig n ifica n t  

difference between the means in  th is  case (see Table 8 ).

This may be due to the two dyes having the same hydrogen 

bonding potentia l when they are fixed on the leather, even 

though these potentials are d ifferen t in  so lu tion . Then 

changes in  the position  of the phenolic groups (between 

ortho and para) influence the rate o f dyebath exhaustion, 

but do not a ffec t the manner in  which the dyes were held.

The mean exhaustion rate o f  Fast Red A was also le ss  

than that o f Orange I I . In th is  case, the dyes d iffe r  in  the 

substitu tion  of a naphthalene ring for the benzene ring o f 

Orange I I . This leads to an increase in  the molecular 

weight with the consequent increase in the residual, or van 

der Waal, valency forces in  the Red A molecule, and a sh ift  

of the absorption maximum to a higher wave length. To
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explain the sig n ifica n t decrease in  the rate o f dye exhaustion, 

the s ter ic  e f fe c t  of the added ring and the e ffec t  o f  the 

additional a ttractive forces to give aggregation may he 

theorized. The la t te r  undoubtedly plays some ro le , and the 

lower so lu b ility  of Fast Red A (compared to Orange I I )  gives  

some evidence for  th is . Since the rate o f d iffu sion  of the 

dye into the leather e ffe c ts  the rate o f exhaustion o f the 

dyebath (48), the larger aggregates would be expected to 

exhaust more slowly than the smaller Orange II  monomers. The 

extremely small amount of dye washed out of the leather by 

sodium su lfa te  also indicates that the dye binds only s lig h tly  

through the formation o f sa lt  lin k s (Table 7 ), Therefore, 

the s ter ic  factors may also  be important.

The fourth dye, Red II , i s  also exhausted s ig n ifica n tly  

more slowly than Orange II  from the dyebath. This is  undoubt­

edly due to the large number o f solvating su lfon ic acid groups 

on the molecule. Then the a b ility  o f  the dye to interact 

strongly with the solvent lessens the rate of reaction with  

the leath er. This e ffec t  o f decreasing the dyeing rate by 

increased sulfonation has been demonstrated on wool by 

Ruggli (35) and Otto (34) has recently pointed out i t s  impor­

tance in leather dyeing. However, Otto ascribes the e ffe c t  

of the su lfon ic acid groups to screening the available s ite s  

for coordinative or secondary bonding by the mobile electrons 

of the su lfonic acid groups, and the subsequent reduction 

of th is secondary bonding between the dye and the leather.
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In the case o f Red II  i t  is  a lso  apparent from Table 7 that 

large numbers of anionic s ite s  on the dye molecule favor, 

e le c tro s ta tic  bonding, and the mean value for the amount o f

dye removed by sodium su lfa te  for Red II  is  s ig n ifica n tly  

greater than the corresponding one for Orange I I .

The two pH le v e ls  used in  the dyebath exhaustion rate 

study showed a s ig n ifica n t d ifference as may be noted in  the 

data, and th is  e ffe c t  o f pH on the rate may be attributed to 

the charge on the lea th er. At the higher pH, the leather is  

s lig h t ly  above i t s  iso e le c tr ic  point and, carrying a net 

negative charge, may be expected to bind fewer anions than 

i t  would with a net p o sitiv e  charge, as at the lower pH 

(31, 32). I t  was a lso  determined that there was no sh if t  

o f the spectral curve in  the region o f the absorption maxima 

fo r  Orange I I  and Orange I at the concentrations used in 

dyeing between the two pH le v e ls . Consequently, d ifferences  

cannot be attributed to changes in  aggregation o f the dyes 

at these two le v e ls .

The solvents used for e ffectin g  removal o f the dyes 

show the expected variations in  th eir  means as may be observed 

in  Table 7. Table 8 indicates that th is  i s  a rea l, or 

s ig n ifica n t d ifferen ce . The oxalate was the most active in  

th is  capacity, giving evidence that the dye anions did pene­

trate the complex. However, since sodium oxalate i s  io n ic , 

part of the dye removed by th is  agent was probably due to the 

rupture o f e le c tro s ta tic  bonds as w ell as part being removed
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by displacement o f dyes from the chrome complex. In th is  

connection i t  w il l  be noted, however, that in  every case 

the oxalate removed more dye from the leather than did 

sodium su lfa te , even considering the la t te r 's  greater ionic  

strength. I f  the increased amount o f dye removed from Red 

I I  by su lfate i s  considered to indicate that most o f  the 

dye in  th is  same case removed by oxalate was due to the 

la t te r 's  ion ic function, some valid ation  is  given to Otto's 

theory that the amount o f dye penetrating the chrome complex 

is  determined by the molecular w eight/su lfonic acid group 

ratio  of the dye (33).

Urea was also  s ig n ifica n tly  active in  removing dyes 

from the leather, as evidenced by i t s  high mean value in  

Table 7. The dye removed in  th is  manner was assumed to give 

an indication  o f  the importance o f hydrogen bonding o f the 

dyes to  the leather. Fast Red A showed an appreciably larger 

amount of dye removed by urea than did the other dyes. This 

was attributed to the increased conjugation (as evidenced 

by the spectral sh if t  mentioned above) (47) increasing the 

hydrogen bonding poten tia l o f the dye. The mean for urea on 

Red I I , on the other hand, was somewhat lower than that on 

Orange II . This was probably due to  the greater p o s s ib ili ty  

of s a lt  lin k  formation by Red II . Inspection o f the data 

seems to indicate that there may be some hydrogen bonding 

on the tartrate group o f that tannage, since urea apparently 

removes a s lig h tly  greater percent o f each dye from th is
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tannage than from the others. However, the absence o f a 

sign ifican t tannage-wash in teraction  term in  Table 8 pro­

h ib its  the use of a "t" te s t  on the data, and th is  point 

could not be substantiated.

The great e f fe c t  o f sodium su lfa te  on the removal of 

Red II  indicates that th is  dye i s  held by e lec tro s ta tic  

bonds to a greater extent than the others. This is  readily  

explained by the presence of the large number o f p o ss ib ili­

t ie s  for such bond formation with th is  dye* However, the 

sig n ifica n tly  small amount of Fast Red A removed by su lfate  

points to hydrogen bonding and penetration of the chrome 

complex as the principle bonding forces holding th is  dye on 

the leather. Also, in  view of the apparent d if f ic u lty  in  

removing Fast Red A by a l l  of the solutions except urea, i t  

is  possible that the residual valency forces contributed by 

the added ring may also be more important with th is dye 

than with the others.

Conclusions

The data presented above indicate that dyeing chrome 

tanned leather with anionic dyes of the simple monoazo type 

may be regarded in  two steps; (1) The take-up of the dye, 

or the exhaustion of the dyebath, and (2) the fix a tio n  of 

the dye on the leather.

The exhaustion o f the dyebath is  influenced by the 

interactions o f the dye and the solvent as w ell as by the 

relations between the dye and the substrate* Then there
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ex ists  a competition between the leather and the solvent for  

the dye. The factors which tend to  make the dye interact 

more strongly with the so lvent, such as increasing the num­

ber of so lu b iliz in g  groups, and those which decrease the 

a ff in ity  o f the dye for the leather (reducing the number of 

s ite s  available for reaction by reducing the negative charge 

on the leather, or increasing the d if f ic u lty  of complex 

penetration) act together in reducing the rate of exhaustion 

o f the bath. These same factors determine the amount of dye 

that w ill  react with the leather in  any given time.

Dyes are undoubtedly held to the leather by a number 

of d ifferen t types of bonding forces. The evidence indicates 

that the penetration of the dyes into the chrome complex and 

hydrogen bonding between the dyes and the leather are ex­

tremely important in  th is  r o le . Apparently e le c tro s ta tic  

bonding, through the formation of s a lt  lin k s , also plays a 

part, although i t  does not seem to be necessary for  th is  

type of bond to be formed in  a l l  cases. I t  i s  strongly  

suspected, in  view of the resu lts  o f other investigators  

and from some of the indications in  th is  work, that residual 

valency, or van der Waal, forces are also important in  the 

to ta l p icture. However, complete evidence for th is i s  not 

available at the present time.
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