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i. 

SUMHARY. 

Some properties of qoluble chromium complex ions 

containing coordinated aliphatic acids have been studied. 

The work falls naturally into two sections . 

In the first, the coordination of a series of 

c1. y ;B and Yamino acids by chromium chloride has be en 

studied by physical methods. The tanning action of chromium 

chloride in the presence of these amino acids has also been 

studied. 

The absorption spectra of the complexes were 

similar to those reported previously for trivalent chroMium 

solutions, having two pronounced maxima in the visible 

region. From the variations in these absorption maxi~a, it 

is suggested that the absorption maximum in the 580 m~ 

region is influenced by coordination of the chromium with 

the ligand, while the maximum in the 420 m~ region is also 

affected by the olation of the basic chromium salts . The 

spectrophotometric evidence innicates that raising the pH 

or the concentration of the ligand in the solution 

increases the amount of coordination , and furthery tha t 

the tendency for coordination increases as the hydrocarbon 

chain separating the carboxyl and amino groups becomes 

longer. This suggests that tho stability of the complex 

is not dependent on chelate ring formation, but is 

influenced by the pK1 value of the carboxyl group of the . 

ligand . Potentiometric/ . ... 
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Potentiometric titrations suppor t the hypothesis 

that only the carboxyl group is coordinated, to an extent 

depend i ng on its pK1 value, since the curves have shown 

that the ami no gr oup is st ill free to tit r ate. 

Paper electrophoresis has shown that all the 

complexes prepared were cationic, indicating that t he amino 

acids were coord i nated as dfpo l ar ions. 

The tanning act i on of the masked chromium solut i ons 

has confirmed the deductions made from the physical me asure ­

ments . Increas i ng the amount of amino acid added to the 

solution l owe r ed the chromi um fixat i on and the hydrothermal 

stability of the l eather , and further, that for solutions 

at the same pH contain i ng the same amount of masking agent , 

tanning action was least for the ¥ amino acid and grea t es t 

for the ~ amino acids . 

Comparison of the present data wi th the corre s ­

ponding results obtained with chr ome alum solutions showed 

that coordination of the amino acids was greater in the case 

of the chromium chloride solutions . 

The second section of the experimental work was 

an investigation of thP coor0ination of substituted acetic 

and propionic acids by chromium chloride and chromium 

sulphate . Spectrophotometric and potentiometric methods 

were applied and the various solutions wero al so used in 

miniature tanning experiments . Certain difficulties were 

encountered in the prepara tion of some of the complexes, and 

:it/ .. . . . 
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it was not possible to carry the work to a point where 

conclusive results could be obtained . Nevertheless, tho 

work reported suggests that chAl8te ring formation occurs 

in the coordination of hydroxy-carboxylic acids, resulting 

in exceptionally high stability of the comple x . In the 

case of the other ligands, containing amino, chloro and 

bromo groups, as well as with acetic and propionic acids, 

the results suggest that coordination involves the carbox;'l 

group only, and that the pY value of this group is an 

important factor determining the stability of the complexes . 
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CHAPTER I. 

INTRODUCTION. 

The Chemistry of the Trivalent Chromium Cation. 

Chromium is one of the transition elements, and 

occupies a position in the first long period of the Periodic 

Table of the elements, between potassium and bromine. These 

elements are characterised by, amongst others, such properties 

as the existence of many coloured compounds, variable valency, 

and paramagnetism. - These unusual properties are caused by the 

penultimate electron shell of the atom being incomplete. 

Under certain conditions electrons can be promoted 

from the incomplete electron shell to the valence shell of the 

atom with a comparatively small change of energy, explaining 

the ease with which these elements can change t-heir oxidation 

state. The coloured ions and paramagnetic properties are 

normally associated with the unpaired electron spins commonly 

present in these elements, since the available orbitals (in 

the case of chromium, the 3d level) are occupied before pairing 

of the electrons takes place. 

The vacant orbitals in the electron shells of thes e 

atoms and their ions can become filled by sharing electron 

pairs of other atoms or groups, thus forming the coordinate 

covalent, or semi-polar double bond. This type of bond is not 

ionic but has directi onal and stability properties similar t o 

a normal ~ovalent bond~ ligands are firmly held, and 

lOSe/ •..•••••• 
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lose the i r separate identity . The charge held by an ion is 

transferred to the complex ion on coordination, and a cation 

which coordinates anions can have its charge reduced, neutral-

ised or reversed . Well- known examples of compounds of this 

type are the ferrocyanide and ferricyanide sa l ts: 

Fe(CN) 6
4-

Fe(CN)63-

fer r ocyanide ion 

ferricyanide i on 

In the first ion, the iron is in the doubly charged 

ferrous state. On coordination of six monovalent cyan i de 

anions, this charge is reversed with the formation of a 

tetraval ent anion. The second contains iron in the triply 

charged ferric state, forming with the cyanide ions a tri-

valent anion. The cyanide ions are firml y bound to the iron ~ 

they cannot be detected in any appreciable concentration in 

solutions of these salts. 

The atomic number of chromium is 24 and in the 

ground state it has the following electronic configuration: 

ls2 2s2 2p6 3s 2 3p6 3d5 4s l which becomes 

ls2 2s2 2p6 3s2 3p6 3d3 in the trivalent 

chromic cation . The outer electron orbitals of this ion can 

be depicted as follows : 

4p 0 0 0 
4s 0 
3d €) 8 8 0 0 

wi th the electrons present in the ion being represented by 

dots. 

The outer (N) electron shell of this ion is comple te 

when/ . .. .... . ... . 
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when it contains eight electrons, and the two vacant 3d 

orbitals also r equire to be filled for the formation of a 

stable ion. Hence it is necessary for the chromic ion to 

share six pairs of electrons from groups able to sup~ly them 

for the formation of a stable electronic configuration -

these six groups are then bound to the chromic ion. 

None of these links have the directional and 

stability characteristics of d, s and p bonds and it is found 

that they cannot be distinguished from one another. This is 

generally characteri~tic of the s o-called hybrid bond, the 

particular type under consideration being designated d2sp3 

because of the electrons which interact in its formation. 

It has been proposed (l) that these d2sp3 hybrid 

bonds ar e directed towards the corners of a regular octahedron, 

an~ in the case of potassium trans dioxalato-diaquo chromiat e , 

this fact has been verified by X-ray diffraction analysis ( 2 ) 

In the case of the normal chromium salts, the 

coordinating positions of the chromic ion are not vacant, but 

are occupied by coordinated water molecules. These can be 

fairly easily displaced, since the water is not strongly 

coordinated, and give rise to the well known ser ies of chromic 

chlorides: ( 3) 

o<. [cr(H2o) 6] c13 violet coloured 

~ .lcr (H2o) 5c~ Cl2 blue-green 

y (Cr(H20) 4c1~ Cl gr een 

The first compound, on treatment with silver 

nitrate, forms an immediate precipitate of silver chloride, 

equivalent/ .......... . 
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equivalent to three chloride ions per chromic ion. However , 

the other compounds , under the sa~e conditions , are found to 

yield only two and one chloride ions respectively. This is 

in agreement with what has been stated above, since in the 

latter two salts, a portion of the chloride is coordinated to 

the central chromic ion . 

Numerous substances coordinate with the chromic ion; 

in fact , chloride is one of the weaker coordinating agents . 

Stiasny ( 4 ) and Theis e t a l ( 5, 6 ) -have studied t he 

relative ease of penetration of various substances i nto the 

coordination complex , and the following list of substances 

represents the consensus of opinion on the relative affinity 

of a number of an i ons . Each ion in the list has a greater 

tendency for complex formation than those following it: 

Oxalate, tartrate , citrate, glycollate, sul phite, 

acetate, formate, sulphate, chloride, nitrate . 

Coordination of those ligands to the chromic ion 

causes a marked alteration in its properties. The most 

obvious change is in the colour of the solution~ this is SGGn 

in the colours of the chromic chlorides discussed above. 

The effect is observed in all chromium coornination compl Pxes -

there i s a change of colour, and usually an -intensification in 

t he colour of the solution . These effr.cts are capable of 

quantitative measurement as a shift of the wavelengths of 

maxirrrum light absorption, and of the optical density of the 

solution at these wavelengths. It has also been found that 

the formation of coordination complexes increases the 

resistance/ . • ..... . . . . 
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resistance of tho chromic ion to precipitation by alkali. 

Thus, while a solution of chromium chloride begins to be pre-

cipitated by potassium hydroxide at about pH 3.3, a solution 

containing an anion capable of forming a strong coordinat e bond 

with the chromic ion has to be rais ed to a pH value of 8 to 9 

before precipitation takes place . Precipitation of the 

hydroxide is brought about by coordination of hydroxy~ ions, 

which is hindered if strong coordinate bonds to the chromic 

ion already exist. 

Basic Chromic Salts. 

The chromic ion readily coordinates hydroxyl ions 

with the formation of basic salts . Th e r eaction can be 

brought about by addition of alkali to a chromic solution, or 

can take place spontaneously in a solution of a chromic salt 

by hydrolysis, in which case the pH of the solution falls 

due to liberation of strong acid. A possible equation for 

the reaction in the case of a chromic chloride solution is: 

+ HCl 

For this reason it is probabl e that the over-<~l be~ icity of 

tho solution, as determined by titration (which would be 

zero in the above example) is different from the basicity of 

thE chromium complex ion present in the solution . Whether 

the basic salt is formed by addition of alka li or by hy-

drolysis, the reaction is accelerated by heating the 

solution. 

Formation of basic chromic salts is normally 

followed/ •••.. •.•. 



6. 

foilowed by olation, whereby basic ions arc linked together by 

hydroxyl bridges with the elimination of coordinated water 

mo l ecules from the ions. For example, in tho case of a 

This example is a simpl ification of the conditions i n an 

experimental solution, since chromic ions can coordinate 

various numbers of hydroxyl ions, which can then l i nk 

together in a variety of ways ( l ). 

The ultimate product of this process is the 

completely basic compound whi ch is insolubl5 and i s precipita t -

ed as chromic hydroxide. 

The hydroxyl bridges of the olated complex can be 

changed to oxygen links, when the "oxo compound" is formed. 

According to the work of Laswick and Plane (?) it appears 

that the substance stable to prolonged boiling, even in the 

presence of molar perchloric acid , is a compound corresponding 

to a partially hydrated chromic oxide . 

These aspects of the chemistry of chromium are 

discussed more fully by Gustavson (B) and Thorstensen (g) in 

two recently published books. 

Experimental Techniques Applicable to the s t udy of Chr omi um 

Coordination Compounds. 

The properties of trivalent chromium solutions , 

in pa rticular the ability of the chromium ion to form 

coord i nation compounds, can be studied by a number of 

experimental/ • . .... .. . 
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experimental methods, of which a brief sur vey is given below . 

Al l the reviewed methods are appl icable to so l ution chemistry 

and no mention is made of methods such as X-ray crystallo­

graphy, which are only applicable to the investigation of pure 

crystalline materials. 

l . Spectrophotometry. 

Since the solutions of trivalent chromium compounds 

are invariably strongly coloured, and the observed co l ours of 

the so l utions depend to a considerable extent on the anions 

present, on the pH and on the previous treatment of the 

so l ution, light absorption measurements would appoar to be an 

obvious choice as a method for investigating the properties of 

such solutions. For this roason , considerable use has be en 

made of the method for studies of the constitut i on of chromium 

coordination compounds . 

Colmar and Schwartz ( l O), extending the work of some 

earlier investigators, studied the series of chromium ammine 

hydrates . They found a regu l a r shift in the wave l ength of 

maximum abso r ption and of the molar ex tinction coefficient 

at this wavelength as the number of ammonia molecules 

penettating tho complex increased . The changes were attribut ed 

t o changes in the vibrational energ i es of the molecule , due 

to different bond strengths. 

Theis and co-wor kers (ll,l2,l3) investieated the 

r eaction of 33% basic chromium sulphate with oxalic acid, 

finding an increase in the molar extinction coefficient with 

increasing/ . •• .... . . 
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increasing amounts of oxalic acid, until a molar ratio of 15 

moles per mole of chromium was reached, when the extinction 

coefficient became constant. This f act was used as t ho basis 

of an analytical method for chromium which has been described 

(l2,l3) It was stated (ll) t hat: "Insulation of the outer 

incomplete electron shell of the chromium ion by coordinately 

bound molecules causes the resulting absorption band to be 

sharper and more regular. In addition,changes in the wave­

length of maximum absorption and in the maximum molar 

extinction coefficient may occur, depending on the energy 

relations of the bound groups." 

Comparing the reactions of chromium under similar 

conditions with a series of different organic acids (l4 , 6 ), 

it was found that increase of the molar extinction coefficient 

with addition of acid took place even when a ratio of ligand 

to chromium exceeded 1000 , showing that complete penetration 

had not occurred, and indicating that, of all the ligands 

studied, oxalate has the highest affinity for coordination 

with chromium. 

When chromium coordinates anions, the charge on the 

complex falls, causing strong acid to be liberated,. and the 

pH of the solution to drop. This tends to reverse the re-

action due partly to depression of the ionisation of the 

organic compound. In order to overcome this, Shuttleworth (l5) 

suggested the use of salts of organic acids, rather than 

the acids themselves. The solutions were t hen adjus ted to 

predetermined pH values by the addition of strong acids 

having/ ••••••.•• 
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having negligible coordinating powers . 

Green and Ang ( l 6 ) used spectrophotometry in 

addition to other methods to stuuy the reaction of alanine 

with chromium. Shuttleworth and Sykes (l7 ) determined the 

absorption spectra of a series of o<., f!. rand f. amino acids, 

and found an invArse linear relation between the maximum ~olar 

extinction coefficient and the logarithm of the dissocia ti on 

constant of the carboxyl group of the amino ac i d. This, in 

conjunction with potentiometric data ,was used to demonstrate 

the importance of the carboxyl group rather than the amino 

group in the reaction of these compounds with the chromium 

complex under the aqueous acid conditions which are prevalent 

in tanning operations. 

2 . Potentiometry . 

Potentiometric titrations have been used for 

investigating coordination reactions by a number of workers, 

particularly in the biochemical field (l8- 27 ) . Variation of 

pH with addition of alkali has been used to establish the 

dissociation constants of the ligands under the exporimcnt~l 

conditions (l8 ,l9 ) . Interpretation of the curves has enable~ 

the formation constants of a number of coordination compl exes, 

particularly those of arr.ino acids and peptides, to be 

determined. 

Albert (l8 ) noted the difference between the 

titration curve of a metal with added ligand and the sum of 

the curves of the separate substances . The magnitude of the 

difference/ • ..... . .. .. . . 
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difference was taken as a measure of the extent of coordination 

of the ligand . Leberman and Rabin ( 20) applied the same tech-

nique to the reaction between cupric ion and hist idine . Datt~ 

and Rabin ( 2l) used pH titration measurements to determine the 

stability constants of cobaltous and manganous chelates of 

glycyl glycine and related compounds. Jones and co-workers(l9 ) 

determined the diss oc i ation constants of salicylaldehyde 

and 8- hydroxyquinoline and compared these wi th the stability 

constants of their complex ions. Bond and Jones ( 26 ), deter-

min i ng pH and redox potential in a ferrous-ferric system to 

which ethylene diamine tetra-ecetic acid and similar coordinat-

ing agents had been added, uRed the pH dependence of the redox 

potential to determine the relative stabilities of the ferrous 

and ferric complexes of these ligands. The stability of the 

ferrous complex was determined in a separate pH t i tration with 

only ferrous ion present . This enabled calculation of the 

stabilities of the ferric chelates. 

Application of the methods described above to 

chromium coordination compounds is complicated by two f actors. 

Chromium readily forms soluble basic salts , the electrovaleLtly 

bound hydroxyl ions coordinating to the chromium ion. TH\' 

chromium ions are readily coordinated by the same hydroxyl i on, 

leading to olation of the complex, '>-!hereby ag,? regates of t wo or 

more chromium ions are joined together by hydroxyl brid~c ~. 

This complicates theoretical treatment due to the variety of 

complexes which ~ay be formed under a given set of conditions. 

In addition, the reactions are slow, even at elevated 

temperatures/ .......... . 
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temperatures , making normal titration methods impossible. 

This latter difficulty has been overcome to a certain 

extent by Green and Ang (l6 ) by adding increasing amounts of 

alka l i to known amounts of chromium and ligand . The solutions 

were heated in closed tubes for 24 hours , after which the pH's 

of the solutions were determined. Although this method carries 

out the titrat i on under equilibrium conditions, i t suffers from 

the disadvantage of the possib ility of decomposition of the 

coord i nating compound . 

Most potentiometr i c work on chromium has been carried 

out in the conventional way after coordination has been carried 

to equi l ibrium by ageing or heating of the solution . The 

object is thus not determination of the stability constants of 

the complex ions directly, but rather the analysis of the 

solution for residual ligand, or determination of the acid 

dissociation constants of the complex ions present . 

Britton ( 2B), using the hydrogen electrode , titrat ed 

chromi um solut i ons with sodium acetate, oxalate and tartrate. 

He observed that mixtures of chromium with these salts , after 

boiling or ageing , could no longer be precipitated at the 

normal pH on addition of sodium hydroxide . Atkin and 

Chollet ( 2B), using the quinhydrone electrode, titrated chrome 

alum solutions in order to determine the free acid present due 

to hydrolysis. It was found that, on boiling or ageing, the 

colour of the solution changed and the amount of fr ee acid 

increased, indicating an increase in hydrolysis . 

Burley (30) used titrations with the g l ass e lectrode 

to study/ . .. . . . 
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to study the reactions of potassium oxalate chromiates with 

certain organic anions. Friend ( 3l) titrated solutions of 

potassium dioxalato chromiates, obtaining the acid dissocia­

tion constants, regarding them as weak dibasic acids. This 

'tJOrk was carried out at a reduced temnerature to "freeze " the 

equilibrium, preventing alteration of the coordination state 

of the chromium ion. Cooper (3 2 ), carrying out titrati ons n ~ 

similar compounds, deduced the nature of the complexes for~ed 

by estimation of the groups on the com~lex ions which were 

titrating .· Shuttleworth and Sykes ( 33 ), invest i gating the 

reaction of a~ino acids with chrome alum, used potent iometric 

titrations to deduce the nature of the combination of thrse 

ligands with chr omium. 

3 . Conduct i me tr ic Ti tra t ion. 

ConJuctivitv measurements have been used to estimate 

the amount of fre e acid present in chromium solutions due to 

hydrolysis, the degree of hydrolysis, and the acid and hyrroxy l 

groups associat ed with the coordinated chromium ion . Theis 

and Serfass ( 34 ) carried out conductimetric titrations to 

determine the amount of free strong acid nresent in the 

solution. On titrating with so~ium hv~roxide, the conduc -

tivity of the chro6ium solution showed· a sh3rp minimuM on 

completion of the titration of the strong acid . 

Shuttleworth ( 35 ) applied electrolytic conductivity theory to 

the study of basic chromium sulphate solutions and showed t ha t 

it was possible to estimate hydrolysis in the solution as we ll 

as tGe nature/ . . ... 
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8S thc·.nature of the groups coordin8t ed and e lectros t Atically 

bound t o the chromium ion. These concepts were applied t o 

chromium sulphate complexes (36 ) and to a series of other 

systems ( 3? - 48 ) . rue to the low concentration of about 

.0003 mo l ar empl oyed in this work to e limina t e the effects of 

interferenc e between ions, it wa s found th~t the slopes of 

some of tho titration curves depended on the speed a t wh ich 

tit r ation was carried out . This was observed with the solu -

tioos containing sulph3tG as ligand and was due to hydrolys is 

of the complex at high dilut ion . In order to r e t ard this 

change , this system was titrated a t 5°C ( 49) when a marked 

improvement in accuracy was obtained . 

4 . Polarography. 

Reducti on po t entia l s of complex chromium ions at a 

dropping mercury electr ode have been used by '~amm rnd co­

workers ( 50 - 53) to inves tiga t e the reactions of chromiun 

solutions . It wa s found t hAt the ha l f - wave no t cntials of tho 
A 

diff er ent ions in the solution were characteristic. It was 

observ ed tha t the half-wave pot ent i a l of a freshly prepared 

chromium chloride solut ion was differen t from that of an aged 

solution . During stor aEO of a fresh so lution of chromic 

chloride, a pl a t eau corr espond ing to the potential of the. 

fully aged s olution appeared , and became mor6 promi nent as 

age ing continued . By plotting the diffusion currant at 8n 

int er med i a t e pot ential as a function of time, it was 

possibl e to follow the ext ent of tho r eact ion, and study i t s 

kinetics/ . .. . .. . . 



14 . 

kino tics. I . f (51 - 53) p l' c~ th--n a scr1es o papers uamm 8pp 1c 1 l· 

technique to a numbGr of diffGrsnt systems, including tho 

products of penetration of oxalate, malonate, acGt3to , 

glycolate, lactAte , phthal2te, citrate and t art rate into the 

hexaquo chromium ion. 

5. Paper Electrophoresis. 

This method frequently provides a convenient meBns 

for separating ~ixtures of electrolytes. Cooper ( 32 ), stu~ying 
the reactions of the oxalato chromiates, obtained separ~tions 

using the apparatus described by Strain ( 54) in which the 

platinum wire electrodes were placed in contact with the U3per , 

which was moistened with the carrier electrolyte. This was 

found to be undesirable, due to the acidic and alkaline 

impurities produced by electrolysis a t the elect rodes and 

their effect on the chromium complex ions, wh ich are sensitive 

to changes of pE. To avoid this, apparatus wa s constructed i n 

which the electrodes were rlaced in vessels containing 

electrolyte into ~.<Ihich the ends of the paper uere dipped, a 

method described by Durrum (55) and applied to basic chromiun 

chloride solutions by Gustavson (56 ) 

6. Paper Chromatography. 

This technique has proved very useful, particularly 

in the organic fi e l d . Cooper (3 2 ) attempted to separate 

oxalato chromium complexes by one dimensionAl paper chro~a-

tography, but was unsuccessful , though 20 different solvent 

mixtures/ ... . .... . 



15. 

~ixturos were tried. 

7 . Electro Chromatography . 

This is a co~binAtion of paper elect ronhorosis an~ 

chromatography . Substances are caused to movo vertically on ~ 

paper shee t by a capillary flclfJ of bacY"ground e l ectrolyte do•·rn 

tho sheet, and at tho same time an e lectr ic potential is 

applied across th( shee t. Cooper (32 ) attempted continuous 

sep 2ration of oxalut0 complexes by this method, but was not 

successful. 

8. Ion Exchange t1cthods . 

Ion exchange materials have b~cn usLd both to 

determine tho n2turo of the ions in chromium so lutions, and, 

by incorporation of specific r r.activc 3roups in tho inert 

frAmework, to elucidate the reactions occurring during chrorru 

tannage. 

Gustavson (5?) used a synthetic zoolito to stu~y thP 

nature and behaviour of chromo liquors. A .~Arns (5S), tc~ting 

tho validity and usrfulness of tho method, reacted anionic ~n~ 

cationic exchange resins with basic chloride and sulphat e 

solutions of chromium. He showed that, despite limit~ti nn3 

due to shifting equilibria in the chromium solutio!ls, tlL 

method \A/aS usoful fo r determining the amounts of anionic 

and c8tionic complex ions present . It was ? l so possible tc 

detGrm:.ne the basicity of the c utionic complexes, and folloH 

the pen etration/ ......•..••. 
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the penetration of coordinating agents. Gustavson ( 59 ) 

percolat"ed basic chromic chlorides and sulphates through a 

sulphonic acid cation exchanger, follbwed by an·.anion 

exchanger, to determine the amounts of cationic, anionic and 

non - ionic bodies in the solution. By alkalimetric titration 

of the effluent obtained after passing sulphate solutions 

through the sulphonic acid resin, the ionic sulphate associa ted 

with the chromium was found. The coordinated sulphate was 

found by difference. 

Theis and co-workers (5) reacted an excess of a 

cation exchange resin with basic chromium sulphate solutions 

containing organic anions . The resin absorbed the cationic 

portion of the solution, which was then desorbed by acid. 

Chromium, sulphate and the organic content were determined in 

the cationic and non-cationic portions, an0 the degree of 

penetration of the ligand into the complex ion was determined. 

Gus tavson (56 ) used cation exchangers of both the 

hydrogen and sodium ion types to determine the amount of 

cationic material in 66 % basic chromic chloride solutions. 

Using the column method, it was observed that the proportion 

absorbed increased with decrease in the size of the resin 

particles . This was attr ibuted to more intimate contact 

between tho resin and the percolating solution. Thus the 

finer tho resin particles, the more material was retained b? 

the column. However , it was found undesirable to use re sin 

particles which were very fine due to the slow rate of prrcol~­

tion through the column which caus ed shifts in the equi librium 

of the chromium solution. For this reason the shakinE method 

was/ ...... . 
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was preferred since very finely divided r osin could be sbaken 

with the solution for a short time, combining the advantagrs 

of a fin e and a coarser rosin. Under these conditions 

concordant results wsre obtained, giving a result of 30 ~ of 

the chromium being in the cationic form. 

Shuttleworth (60)tanned exchange resins containing 

various reactive groups with chromium so lutions of a wide 

variety of types and charges. ~h.P r~sins contained sul~honic 

acid, carboxyl and amino groups respectively. In addition, the 

solutions were used to tan hide powder and ~ i eces of skin . It 

was found that the charge on the chromium ion was not an 

important factor in the fixation of chromium from the solution 

by the resins. The chromium uptake fron the various solutions 

by the r es ins and by hide powcer was comvarRd with the srrink-

age temperature of the skin tanned with thr same Ao l utions. 

Very close correlation was obtained between the chromium 

content of t ho carboxy l resin and the shrinkage temperature of 

the skin, giving support to t he postulate tha t the thcr~~ l 

stability characteristic of chrome leather is conferred 

primarily by coordination of the carboxyl groups in the 

collagen side chains to the chromium complex . 

Kawamura arid co- workers used polystyr ene based 

(61-63) axchange resins for study of chromiuM complex ions 

They found that hydrogen, potassium and sodium exchange r esins 

had the greatest exchange capacity, and also that this was 

not affected by the ligands coordinating to the complex ion . 

Colloidal ions were absorbed by the r es in with a low degree 

of cross linking ( 6l) On passing a nixture of anionic, 

cationic/ .... . 
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cationic and neutral complexes through a sodium or po tassium 

polystyrene- sulphonAte column, the cations and some singly 

charged an i ons were absorbed ( 62 ) . The neutral i ons in the 

effluent could then be separated by passing through an anion 

exchanger. Kawamura ( 63 ) studied the increase iri the sizef of 

chromium complex ions with addition of alkali by comparing the 

absorption on polystyrene -sulphonate resins with different 

degrees of cross linking . 

Since the rate of diffusion of i ons in solution is 

related to their s ize ( 64 ) diffusion measurements can be used 
' 

as a means of determining mo l ecular sizes , and to a certain 

degree, molecular weights. Northrop and Anson ( 65) used a 

cell containing a porous diaphragm to separate two solutions 

of different concentration. McBain and Liu ( 66 ) tested the 

applicability and reproducibility of the method for various 

systems, concluding that accurately reproducible r esults coul~ 

be obtained in a day by the method . 

Theis and co- workers (5) used diffusion through a 

cellophane membrane to determine particle sizes in chromium 

solutions conta i ning coordinated organic anions. Due t r the 

small pore size of the membrane, some ultrafiltration prQbably 

took place 9 with consequent unreliability in the results 

obtained . 

Stokes ( 6?) pointed out that the met~od of McBain , 

relying on convectional stirring, l P.o to concentration 

gradients/ .... 
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gradients in the compartments separRted by the membr Pne, 2r.~ 

further that ace omplishing this stirring by placing the de n:;(;~ 

solution in the upper compartment produced a system 1•Jhich T=~s 

basically unstable. He found that measurements in a magnetic-

ally stirred cell gave more accurRte results. 

Gustavson(56 ) applied diffusion measurements usin~ ~ 

cellophane membrane, in addition to other physical methods, in 

an investigation of bQsic chromic chloride s olutions . 

Ellis(94) ~iscus8ed the theory of diffusion And its 

application to chromium complex ions, describing the use of 

convectionally and magnetically stirred cells with porous 

diaphragms. The value of the pqrticle radius of the hex2qu0 

chromic ion obtained by this method wRs in agreement with t h~ t 

found by X-ray me qsuremeuts of solid sRlts. An incre?sc in 

size with incregsing basicity of the solution was observed. ~ n 

a given solution, p2rticles of different sizes were obs arve~ 

but apparent uniformity was obtained on a2eing the solution. 

10 . l~.QQ.iest::c Studios. 

It i s sometimes convenient to detGrmine the activi-

ties of subs tances in solution by determination of the vapour 

pres 3ure of the solution . However it is not always convenient 

to determine this from direc t measurement, and under these 

circumstances it is poss ible to us e isopiestic compRrison . 

This me t hod was used by Robinson and S incl~ ir( 6 S) to meqsure 

the activity coefficients of lithium chlorict8 solutions. The 

solutions, together with pot3ssium chloride solutions were 

placed in open dishes and kept in a desicc~tor .under vacuum 

until/ .. . ... . 
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until equilibrium was attained, when the solutions were analy~od 

The vapour pressure '-''8.S deduced from the accurately known vapour 

pressure curve of potassium chloride. This method has been 

applied to the study of the complex ions of chromium with 

alanine by Green and Ang(l6 ). 

Application of Chromium Co-ordination Chemistry to Leather 

J·:lanufacture. 

Tanned leather in its commonest form differs from r :.:.\: , 

untanned skin in several obvious and important r espec ts. J::> ~ ~" 

skin is a material wh ich is readily putresciblo, end when 

allowed to dry froT'1 R vet condition, it forms a ha rd, tr::<nc-

lucent mass apparently devoid of fibrous structure . Le~th~r, 

on the other h8nd, has considerable resistance to putrefaction, 

and dries to a porous material in which the fibre structure of 

the skin can readily be distinguished. 

Although it wqs considered by Knapp, the origin8l 

d iscoverer of the t anning properties of chromium sa lts( 69 ),th~~ 
the tanning process consisted of depositing on the collagen 

fibres of skin a layer of insoluble chromium oxide, it is n 0 \1 

generally accepted that chemical rr.2ction between the protein 

a nd the tanning agent i s a characteristic of leather manufac-

ture. The basic r eaction in all types of tannage is now con-

sidered to be a reaction between the reactive groups of the 

collagen 8nd the t ann ing agent, which can load to the estab l. i ~h-

ment of cross links between adjacent protein molecules. 

The tanning agent rende~s the reactive groups of t~L 

collagen less prone to attack by bRcteria a nd enzymes , m~king 

the material as a whole l ess liable to putrefaction in thAi r 
presence/ .... . ... . 
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presence. 

According to recent evidence, it is considered (?O) 

that the protein molecules of collagen consist of polypeptide 

chains arranged as coiled coils which are twisted about each 

other to form 11 ropes". The adjacent polypeptide chains are held 

in this structure by hydrogen bonds and possibly ionic salt 

linkages~ which are broken in the presence of water at elevated 

temperatures. This a llows the entire structure to collapse as 

the chains bunch up, and causes a ch8nge in the macroscopic 

dimensions of the skin, which is observed as "shrinkagen. In 

s hrome tanned leather, these cross links are supplemented or 

replaced by chromium complexes, forming links which have a 

grca~ q ~ hy~ rother~al s ~ability, and are capable of producing 

lea t her vhich may be dimensionally stable in boiling water. 

ICn o·.: l edg8 of the properties of the complex ions of chromium, 

which is useful in providing evidence as to the positions on 

the prctein chains at which co-ordination and cross linking 

can t a~~ pla ce, and more compl e te knowledge of these reactions, 

is the undJrlying reason for the present investigation. 

Firs tly, . . :Lnio· .... Jre tanning experiments can prove useful 

in the e l ucidotion of the tanning process itself; treatment of 

normal and modified collagens and of related substances with 

tanning solutions has been used to determine which of the active 

sroups in the skin protein are responsible for fixing the 

tanning agent . Secondly, reactior of normal collagen, in the 

form of either skin or hide powder, with chromium solutions of 

different/ •..•.•••. 
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different types, yields evidence regarding the tanning 

ability of these solutions and of the availability of the 

co-ordination sites on the chromium nucl eus . This informa-

tion is obtRined by observing differences in the fixation 

of tanning agent, and also in the hydrothermal stability 

of the t anned protein. 

In 1926 Thomas and K~lly (?l) found that collagen 

tanned with quinone or vegetable tannins absorbed chromium at a 

reduced rate, this effec t a lso being noted in deaminated colla­

gen. This was interpret ed as evidence that the nitrogen groups 

play a significant rete in tanning. Bowes 8nd Kenton(? 2) studiod 

the effect of esterification and deamination of collagen on its 

reaction with chromium, and suggested that the chromium complex 

was fixed by co-ordination of the carboxyl and amino groups of 

collagen. 

Shuttleworth( 60) tanned skin, hide powder and a 

number of ion exchange r es ins containing sulphonic, carboxyl 

and amino groups with chromium solutions containing a variety 

of co-ordinated organic compounds. He obtained good correlation 

between the shrinkage temperature of skin tRnned by a given 

solution and the chromium uptake by the carboxyl resin from the 

same solution, and concluded that thG important reaction giving 

chrome l ea ther its characteristic high hydrothermal stability 

is the co-ordination of the carboxyl groups in the collagen s i de 

chains. The charge on the chromium complex is unimportgnt - the 

factor determining the tanning abili ty of an ion being th r. num-

ber and stability of the ligands already present in the complex. 

Sykes( 73 ) treated col l agen with a variety.of reage~ts 
which/ •...•...•• 
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which altered the proportion of side - chain carboxyl and amino 

groups present. He found that while removal of the amino 

groups in some cases reduced the amount of chromium fixfd by 

the co llagen by as I'luch as 50%, this gave no correspom1jng 

decrease in hydrothermal stabil ity of the leather. Dec c:1 rl':o·:yl.. --

ated collagen, on the other hand, while in some cases fixing 

an appreciab le amount of chromium , lackt:d the properties of 

leather . 

Study of miniature tannage experiments can also be 

used to provide evidence concerning the tanning agents . The 

avail3ble coor Qinat i on positions on thP chromium ion may be 

taken up successively, but the resulting bonds decrease 

progressively in stability . Who~ a coordinated chromium 

solution is a l l owed to react with collagen, there is 

competition between the collagen and the l igand for the 

available coordination sites, in which ~ass action effects, 

influenced by the concentration of thP lirand, and the 

relative affinity of the l i gand and collngen play their uarts . 

Thf addition of organ i c salts to chrome tanning 

solutions is a commercial practise known as masking . 

Immond~rfer's studies (74 ) into the effects of polycarboxylic 

acids as masking agents and their subsequent int roctuction to 

the leather industry as patented speciality ~roducts by 

I . G. Farbenindustrie l ed to r enewed i nterest in this type of 

material. Claims t hat masked tannages proceeded rapidly, had 

strong filling action and improved chromium fixation , were 

critically reviewed by Holland ( 7 ~-77 ). qe not only gave an 

exhaustive r ev iew of the earlier work on this sub ject but 

r eported/ ....• 
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report ed a considerable amount of new experinental data which 

formed a sound basis for more recant practical and theoretica l 

developments in the field of chrome t ann ing . 

Commercially, formate and phthalate an i ons have 

been most widely used, and in both cases it is recommended that 

the leather be stored for one to two days before neutralising 

gnd finishing, and it has been shown th8t during this period 

there is an increa~e in the shr inkage temperature of the 

leather as the masking agent tends to be displ~ced from the 

chromium complex by tho rtactive groups present in the prot(jn. 
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CHAPTER II. 

EXPERIHENTAL TECHNir~UES. 

Preparation of Solutions of Chromium Complexes. 

In addition to forming complexes by coordination of 

added ligands, chromium solutions can also hydrolyse with the 

formation of basic sRlts , which in turn can olate to form 

polynuclear complexes: all these reactions are also pH 

dependent . Due to these complicating factors, the study of 

the coordin0tion che~istry of chromium is one of the most 

difficult of coordination chemistry investigations. 

Such factors as the concentration of chromium and 

of neutral salts, as wel l qs the nature Rnd concentration of 

inorganic anions are all foun0 to interfere with coordination 

of the ligand. It is likely that it is these difficulties 

which have led pure chemists almost to i gnore the coordination 

chemistry of chromium, as is evident from a recent symposium 

on coordination chemistry (?B), in which only two out of about 

150 papers submitted refrr to soluble chromium complexes. 

Tt us much of the work in this field has be en done by leather 

chemists whose primary interest lies in the technological 

application of their work. 

The factors referred to above set certain limit s on 

the experimental conditions under which chromium complexe s 

are prepared. Thus in comparat i ve work str ict control of 

the concentration of chromium and ligands, of the pE and of 

neutral/ •.....• 
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neutral salt content is advisable i n order that equi valent 

values may be studied . Fearing this in mind , two approachEs 

are available, both of which have been used i n thi s work . 

Tiethod I . Bseential l y this ~ethod cons i sts of al l owing the 

chr omium at a known concentration to react with the ligand 

under i nvestigation at a ~nown mol?r ratio, then allowing tho 

so l ution to attain equil i brium with or without anj ustment of 

the ~H to a predetermined level by ad0 i t i on of acid or a lkali . 

This method has been widely used, particularly when it was 

desired to study the format i on of chromi um complexes under 

condi tions similar to those prevqiling dur i ng leathe r 

manufacture ( 17) 

Method 2. In this method, ths chromium '1nd ligand are 

allowe~ to reRct to~ethcr in the presence of known incromentc 

of acid or alkali . Th~ properties of a series of these 

solutions at different pH levels E'.nd with various l igands 

are then comp8r ed (l6 ) 

In ~oth th(s~ methods heat incre9ses the r ate of 

reaction end reduces the time tAken for t he solut i ons t o 

reach equilibrium. 

Detai l s of the Techniques E~ployod . 

tiethod I. 

In this method the complexes were prepared from 

a stock chromic chloride solution ~hich was made approxim~tely 

. 6 molar,/ . . ..... . 
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• 6 molar, then allowed to age for a month before use, and 

analysed for chromium. 

To each of a series of 30 ml. beakers, a volume 

of this solution equivalent to 20 ml. of a .333 molar chromium 

solution was added from qn accurate burette. 1.33 molar 

solutions of the ligands werA prepared by weighing out the 

solids, the purity being assumed 100 % for this purpose. 

Volumes of these solutions equivalent to molar ratios of i, 

1, 2 and 3 per chromium ato~ were added to the chromium 

chloride solutions from a micro-burette, three separate 

solutions at each molar ratio being prepared. 

These solutions were now adjusted to equilibrium 

pH values of 2.50, 3.16 and 3.82 by addition of potassium 

hydroxide solution. To accel\ora te the changes accompanying 

alteration of the pH of chromium solutions, the following 

procedure was followed: alkali was added until the pH ro:1ched 

the desired value (or, in the initial stages, a slightly 

higher value), after which the solution was heated on a hot-
o . 

plate at 70 C for 1 hour and allowed to cool. This procedure 

was repeated un t i 1 the pH rem·::l.i ne r1 cons t~=m t at the des ired 

value after two successive periods of heating without addition 

of alkali. The solution WRR now transferred to a 20 ml . 

volumetric flask and wade to the mark. To minimise the chqngo 

in pH with dilution at this stage , the volume of the solution 

when the pH was measured was made such that about 2 ml. was 

required to transfer the solution to the flask and make to 

the mark. The solutions were allowed to 8ge for 1 month 

before/ . . ...•.. 
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before any measurements were carri r:d out on them. 

Me thod 2 . 

A series of complexes was prepared using the method 

proposed by Green and Ang (l6 ) for study of the coordination 

of alanine by chromium . 

The complexes were preparrd from stock solutions of 

chromic chloride and chromic sulphate, which had been ass~yod 

for chromium. Volumes of these solutions equivalent to 100 rrl. 

of . 666 molar chromium solution were transferred to flasks from 

an accurate burette . The ligand was added in the ratio of 3 

moles of ligand per gram atom of chromium and the solut ion 

boil ed under reflux for 20 hours. Since complex for mation is 

slight in strongly acid solution, some of the ligands were used 

in the form of their po t assium salts . V'hile addition of the 

a lkali salt frequent l y caused precipit9tion of the chromium 

solut i on, it was found that this could be prevented by adding 

the ac id and then adding an equivAlent amount of standard 

potassium hydroxide so l ution thr ough the condenser over a 

period of abou t an hour while the solution was boiling un~er 

ref l ux . After refluxing , tho solution was cooled and mR1e to 

a volume of 100 ml. 

5 ml . aliquots were pipett ed into a 10 ml . 

volume tric flask, and to those worE added volumes of stan~"rd 

potassium hydroxide solution corresronding to 0 - 4 molos of 

nl kali per gram atom of chromium, in incr emen ts of . 333 mole . 

The solutions we r e then made to the mark, giving solutions .333 

mola r with r espect to chromium, and transferred to dry tubes 

which/ .. . .. . . 
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which we r e sealed and heated in a boiling water bath for 20 . 
hours . 

The solut i ons were coo l ed , and thG pH ' s determined, 

this r epresenting a for m of potentiometr ic titration . Portions 

were retained without any dilution f or spectr ophot ometric 

measurement . 

Modifications to Method 2 . 

Since it was found thgt some of thG ligands were 

hydrolysed during the periods of boiling, attempts were ~~de 

to carry out the coordinetion reaction under less drastic 

conditions. 

l.,Iodification l. 

The periods of reflux ing qnd also of the subsequent 

heating of the series were both reduc Ed to l hour . 

Hodificat i on 2 . 

The entire preparation was carried out at room 

temperature . After addition of lig8nd Rnd initia l a lka li, the 

solution was allowed to stand for 24 hours . The series with 

increasing additions of alkali was then prepared , and these 

were allowed to stand for a further period of 24 hours before 

measurements were made . 

In order to ascertain whe ther t hese modifications 

produced a similar amount of coordination to the method 

proposed by Green and Ang, the three methods were compared 

with/ ...... . 
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with glycine as l igand. The maximum molar extinction 

coefficients are given in Table 2 . 1 . 

Table 2.1. 

Compar ison of modifications to Green and Ang's method of 
preparing chromium complexes in solution . 

~igand added ~:aximum Polar Extinction 
to 33 % basic Treatment Coefficient 
chromic chloride 

-- ¥-

420 m)"- region 580 m;44- regior 

Heatine for 32 . 2 38.3 

3 mo l es of 20 hours 
glycine per Heat i ng for 31. 7 37.5 gram atom of 
chromium l hour 

Cold reaction 29 .4 35 . 3 
for 24 hours 

Hea ting for 25.9 U3.7 
20 hours 

~Til 

- Cold reaction 23.9 18 . 5 
for 24 hours 

·-

The variations caused by the modified methods were 

found to be relatively small and gave more reliable results 

for ligands unstable to prolonged hea ting than did the method · 

as originally proposed . Moreover , for purely comparative worl-

this i s quit e adequate and wil l be discussed more ful l y in 

Chapter IV. 
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INV!.STIGATION OF THE CHROMIUM SOLUTIONS. 

Spectrophotometric Investigations. 

The absorption of monochromatic light by solutions 

is described by two laws , both of which were originally 

derived from experimental observation . The first , proposed 

by Bouguer in 1729 states: "Each layer of equal thickness 

absorbs an equal fraction of the radiant energy wh i ch 

traverses it . " The second law, proposed by Beer in 1852 

states: "The absorptive capacity is directly proportional to 

the concentration of the solute" (?9) . These laws can be 

expressed in the fol l owing symbolic form: 

I = Io.10- dt 

= Io.lO-f.Ct 

where I = light transmitted through the solution 

Io = light transmitted through an equal thickness 
of the solvent 

t = thickness of absorbing solution 

d ::: constant for a given solution 
= optical density of solution 

l ::: constant for a given solute 
= molar extinction coefficient 

This relation is known as the Beer-Bouguer Law . 

In practice, the solution must be contained in a 

transparent cell, at the walls of which a proportion of the 

light is reflected. ~y taking Io as the light transmitted 

through pure solvent in an identical cell , these reflection 

losses are balanced out . 

Strong/ .• ... 
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Strong (80) has derived the Beer- Bouguer Law 

threoretically from probability and capture cross section 

concepts. It is shown that the optical density is additive 

for a solution containing different solut es , and that if a 
bind 

finite wave length is considered, it is necessary to integrate 

the energy/wavelength function. It is also shown that 

apparant deviations from the law are caused by variation i n 

the nature of the solution with variation of concentration, 

or variations in the width of the wavelength band passed . 

In the present investigation, the Beckman Model DU 

Spectrophotometer was used for determination of the 

absorption spectra. This instrument has found wide application 

both as an analytical tool and for research . Castor (8 l) , 

after carrying out experiments on a number of these instru-

ments, discusses the reproducibility of the model DU. A 

diagram of the optical system of the instrument is given in 

Fig. 2 . 1. 

Two diff erent instrumen ts were used in the prePent 

work . The one on which the majority of the measurements ware 

made was fitted with the blue - sensitive pho t oelectric tube 

normally fitted to the instrument, while the later measure-

ments were made on another instrument in which this tube 

had been replac ed by a photomult i plier tube designed to 

increase the sensitivity of the instrument at the lower end 

of its spectral range. 

Corex r osistance glass absorption cells of l em 

light path were used to contain the solutions under 

investigation/ . •..... . • 
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investigation. 

Solutions at the high concentration used in the 

present work were almost opaque, and for this reason much t oo 

dense for spectrophotometric investigation. It was therefore 

necessary to dilute them: a dilution of 25 times (to l/75 

molar) being found to give solutions with a convenient value 

of optical density in the compl exes studied. Since dilution 

causes a change of pH, l eRding to hydrolysis and other changAn 

wh ich might affec t the previously attained equilibrium, and 

alteration of the molar extinction coefficient, the absorption 

curve was completed as rapidly as possible after dilution . 

The measurements wero carried out in a room thermostatically 

controlled at 22°C. 

The absorntion density was determined at wave-

l engths between 320 and 620 m}k In agreement with previous 

workers ' findings ( ll, 16 )' there were found to be two maxima 

in this region of the absor~tion spectra of all the solutions 

studied, one with its peak at about 420 m~ and the other with 

i ts peak at about 590 m~. These absorption maxima will be 

r eferred to respectively as the "blue peak" and "yel low peak" 

in t h is thesis. Si nce these maxima wG r e the portions of the 

spectra with the greatest interest, readings were taken at 

intervals of 4 m~ in these r egions, while the interval was 

increased to 20 m)w at other portions of the spectrum, merely 

serving to demonstrate the gene ral shape of t he curve. In 

the l atter portion of the work, readings only in tho region~ 

of the absorption maxima were taken . This enabled the timP 

between/ .. . .. 
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between dilution of the solution and com~letion of the 

measurements to be further r educed . 

The instrument was o~erated at or near its maximum 

sensit i vit y, enabling the ~otentiometer circuit to be balanced 

with a sli t - width of . 06 - . 01 mm, giving a nominal spectral 

band about . 5 mr (82 ) . Balancing viaS done by adjusting the 

slit-width, with a cell conta i ning distilled water in the 

light path . Three other ce lls containing complex solutions ir. 

t he cell carr~ er were success i vely p lac ed in the light nath , 

and measurements at the same wavelength were mane on them. 

Potentiometric ~itration . 

The potentiometric titrations were ~ade using the 

method suggested by Shuttleworth (33 ) . The titrations were 

carr i ed ou t rap i d l y to minimise the changes in the equilibrium 

of the soluti on due to dilution and change of p~ during the 

titration . 

The appara t us used was the following: 

Titrat i ons were carried out in a 150 ml. resistance glass 

beaker. pH measurement was ef fected by a Cambri0ge wide 

range glass electrode (Cat . No.42558) and R dipping S8turat ed 

calome l electrode, c onnec t ed to a Cambr i dge ?ench- type pH 

meter. The glass electrode used has an effect ive r ange of 

pH 0 - 13 accord i ng to t he manufacturers . The pH meter was 

standardised at pH 4.00 by means of a . 05 molar solution of 

potassium hydrogen phthalate ( 83 ) . The solut i on being 

titrated was stirred by a glass st irrer driven by a small 

air/ . .. . . .. . 
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air turbine . This, while stirring the solution adequately, 

caused no electrical interference to the electrodes, as shown 

by the steadiness of the pH meter galvanometer . 

The experimental procedure used was as follows: 

2 ml . of the so l ution to be titrated was pipetted into the 

titration beaker and diluted to 50 ml . with water . The 

solution was titrated with 0.5 normal potassium hydroxide 

solution, allowing only sufficient time between additions of 

alkali to permit the pH of the solution to be r ead, 

approximately 30 seconds . Titration was continued to a pH 

value of 12 . A separate aliquot was then titrated with 0 . 5 

normal hydrochloric acid, the pH being taJren to 1.4. 

The potassium hydroxide solution was standardised 

with potassiu~ hydrogen phthalate, and the hydrochloric acid 

with borax, and i n addition the two solutions were titrated 

against each other . 

Paper Electrophores i s. 

Electrophoresis was carried out on strips of 

Whatman No . 3 MM filter paper which were cut to a width of 

2 . 5 em. The background Electrolyte used was 0.01 normal 

sodium nitrat e solution, which was adjust ed to the same pH 

as the so lution under examination with nitric acid . This 

so luti on was used in place of a buffer solution to avoid the 

possibility of coordination of the chromium by tha weak acid 

anion of these solutions . A concentration of 0 . 01 molar was 

chosen to give sufficient conductivity for a reasonable rat e 

of/ ....... . 
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of movement whi l e maintaining the current sufficiently low 

to cause only slight heating effects on the paper. 

The apparatus used is shown : Fig. 2.2 

assembly holding the paper strips, and Fig. 2.3 

source of high voltage direct current . 

being the 

being the 

The experimental procedure used was the following: 

The electrode vessels were filled with background electrolyte 

adjusted to the appropriate pH and placed in the perspex box. 

They were connected by means of a siphon tube and allowed to 

stand for 30 minutes to equalise the levels of the solution 

in the two vessels in order to prevent any siphoning action 

during the run. Flat dishes containing electrolyte were 

placed on the bottom of the box to increase the evaporating 

surface and hasten saturation of the atmosphere . 

Six strips were run at a time. The centre of each 

strip was marked with a pencil line, and the strips saturated 

with background electrolyte, lightly blotted to remove the 

excess, and stretched over the supporting grid with their 

ends dipping into the solution in the electrode vesse l s . ~he 

centre of each strip was now further blotted to prevent 

spreading of the chromium solution, 0 . 05 mL of which was 

applied along the pencil line from a micropipette in the 

form of a strip 5 mm wide . The box was closed, and allowed 

to stand for 30 minutes to allow the a tmosphere surrounding 

the strips to become saturated . 

The current was now switched on, a total voltage 

of 190 - 210 volts being applied, and the current being 

between/ .••..... 
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between 2.5 rna. and 4 . 5 rna., the higher values being registered 

with the more acid solutions which have a higher conductivity. 

These values gave a potential gradient of about 5.5 volts 

per em and a current density of 0.17 to 0.3 rna. per em 

width of paper. 

Dur ing the run a certain amount of moisture was 

observed to condense on the lid of the box, indicating a 

certain amount of electrical heating of the strips, since the 

run was conducted in a thermostatically controlled room at 

23°C. This caused a certain amount of concentration of the 

electrolyte in the strips during the run, causing a slight 

rise in the current. During the run the current and voltage 

were read at intervals 9 the time of the run, usually about 

6 hours, also being recorded. 

At the end of the run, the grid with the paper 

strips was removed from the apparatus, and the strips all owe d 

to dry on the grid in a horizontal position to avoid any flo \· 

of electrolyte . The position of the chromium bands was 

determined and the amount of movement of the complex 

determined . 

In order to observe the movement of the amino acid 

in the solution the strips were sprayed with a 0 .1 % solution 

of Ninhydrin in citric acid/sodium citrate buffer and heated 

in an oven at l05°C to develop the ;olour (B4 ). The amino 

acid was revealed by the intense blue colour formed by it. 

Miniature/ .... 
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I-:iniature Tanning ~xperiment s . 

The so l utions of chromium compl exes prepa r ed as 

described in t he prev i ous section (pp 26 - 29 ) were us ed ~n 

the tanning agents in a series of min iat ur e tannages . 

l. Preparation of Skin . 

Drysalted goatski n was soa ked, depila t ed with line/ 

sodium sulphide, neutralised with acetic acid, and washed 

free of salts , then dried by sublimation of water vapour 

from the frozen ski n (i . e . freeze - dried). In th i s fo r m it 

could be kept i ndef inite ly, but could be read ily we t ou t to 

its original moisture content by soaking in water . The fl esh 

and grain surfaces of the skin were mechanica l ly removed in 

order to give a more uniform composition through the thickn~2 ~ 

of the skin 1 a fter \vhich it was cut into strips 3" by .f.." , 

which weiehed npproximately 0 . 25 gm . These strips were 

stored in se3 l ed bottles un t il r equ i red for use . 

2. Tannage . 

Immediate l y befor e tann8ge, t he strips of skin wP.r t. 

wet - out over ni ght . In the ca~e of pieces to be t anned by 

the chromium complexes prepared by l·~e thod l ( p 26 ) , which 

h8d bt.en adjusted to three pre- determined pH l evels , the skin 

strips ' ·Jere soaked in hydroch l oric acid solut i ons of such 

concentration that the equilibrium pH was that of the 

appropriate chromium solut ion. In the cas e of the complexe s 

prepared by Method 2 ( p 28 ) it would have been diff i cult to 

bring/ .... . . 
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bring the skin to an equilibrium at the same pH as the 

solution. These pieces were therefore wet out in distillsd 

water and transferred to the chromium solution. Though thi s 

difference in pH causes a change in basicity, this is not 

considered to be serious in comparative worv of this kind. 

Tannage was carried out in glass sample tubes which 

wer e securely sealed with waxed corks to prevent l eakage . 

5 mL of the chromium solution was measured into each tube, on( 

of the wet strips add ed, and the tube sealed, this giv ing 8 

ratio of approximately l ?m. of ~ry protPin to 20 mL of 

so l ution. Tannage was continued for 96 hours, the tubes hc inG 

shaken continuously at 60 r . p.m . Controls were included in 

tho form of skin strips shaken in water for the same period , 

or in hydrochloric acid at the required pH where approprist e 

for the first series. 

3. Testing of the I,eather. 

a . Determina tion of F~x~Chr._9mium. 

In order to det e rmine the chromium combined witb 

the ski n, it was necessary to remove non- combined chromium, 

which was of two kinds : that dissolved in the water held 

between the fibr es of the skin by capillary action, and tha t 

dissolv ed in the wa ter of hydration of th e collagen fihres . 

In order to de t ermine the most eff icient method f ur 

r omoving this chr omium, a number of strips of skin were t qnnc r1 

by the above me thod in a 50 ~ basic chromium sulphate 

so l ution containing 5 % Cr 2o3, then divided up and ~ix strip s 

subjected/ •. . . . . 



Table 2.2. 

Comparison of methods for removal of excess chromium from 
tr.1nnod skin. 

Detai l s of trea tments: 

i . Remov eg from chromium solution and dri ed overnight 
at 105 C. 

ii . Washed in running wat er (pH 7.5 8.0, a lkaline 
hardness 20 p.p.m.) for 24 hours, then dr i ed as 
i n i. 

iii. Pressed between l aye r s of blotting paper in a 
hydraulic press, then dried as in i. 

iv. Pr essed as in iii, soaked in water for 5 minutes, 
pressed again, then dried as in i. 

Tho fol lowing figur es are % Cr2o3 in the dry leather. 

Treatmen t prior to analysis 

Replicate i ii iii iv 

l 12.38 5.73 9.30 6.52 
2 9.41 5.31 8.92 7.09 
3 9.60 5 . 63 9 .60 7 .51 
4 12.73 5 . 60 9.44 6 .84 
5 12.55 5.55 9.46 6 .70 
6 8.79 5.58 9.50 7.15 

He an 10. 91 5 . 57 9 .37 6 .97 

St anda rd 1.82 .14 .24 .36 
Devj_ation 

Coeff icient .167 . 025 .026 .050 
of V':lr iati on 
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subjected to each of the following treatments : 

i. Removed from the chromium solution and dried overnight 

at l05°C . 

ii. Washed i n running water (pH 7 . 5 - 8.0 , a lkaline 

har dness 20 p. p.m.) for 24 hours, then dried as in i. 

iii. Pressed between layers of blottine paper in a hydr?ulic 

press , then dried as in i. 

iv. Pressed as in iii,s oaked in wat er for 5 minut es , press ud 

again, then dried as in i. 

The chromium content of the pie c e~ t r eated by the 

different methods is given in Table 2 . 2 . 

It is ap~3ren t tha t method ii removes the largest 

amount of uncombined chromi um from the leather and gives the 

most precise results. This method was sl i ghtly modified for 

us e in the tanning experiments, the strips be ing pressed 

between blotting paper to r emove most of the chromium before 

being washed for 24 hours in running tap water . 

Afte r washing, the strips were split, one strip 

being dried a t l05°C overnight for analys is, and the othor 

b eing retained for determina tion of the shr i nkage tBmpcratur c . 

b. Dete rminat i on of Shr inkage Temperature. 

The apparatus used for this determination is shown 

in Fig . 2.4 . 

The wet specimen was secured in t he two clRmps , 

when it was subjected to a t ens ion of 5 gms . It was immersed 

i n/ ........ . 
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Gas burner. 

Fig. 2 .4. Shrinkage Teaperature Apparatus. 
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in the heat transfer medium at a temperature of approximate ly 

l5°C below the antic i pated shrinkaee temperature, and was then 

heated at a fairly rapid rate of 5°C per minute, rapid stirring 

being used to prevent temperature variations in different 

parts of the beaker . ThiP nethod wa s used to avoid the 

changes caused when the wet leather is subjected to prolonged 

heating,which are discussed by Gustavson (84 ) and overcome 

by the 11 shockingn technique suggested by him, whereby 9. 

preliminary experiment is carried out to determine the 

approximate shrinkBge temperature and allow the heating perio~ 

to be min imised. 

The s hrinkage temperature was recorded as the 

temperature of the liquid when the first reduction of the 

length of the specimen occurred. 

Where the anticipated shrinkqge temperaturA was 

below 98°C, distilled water was used as the heat transfPr 

medium . Where this temperature was expected to be excPe0r.d, 

medicinal paraffin was used, as suggested by Bowes (85 ) in 

place of the 75 f. aqueous glycerol used in the American 

Leather Chemists' Association official method, as the result~ 

obtained with medicinal narqffin are closor to those obt3in A2 

with water heated under pressure. 
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Analytical Methods . 

l. Determination of Chromium. 

Both the chromium solutions and the l eathe rs 

were ana lysed by tho officiRl wet oxidation method of the 

Society of Leather Trades' Chemists <86 ), the determination 

being scaled down whs re necessitated by the exist ence of 

only a small sample . 

2 . Determination of Basicity . 

The basicity of the chromium solutions was 

determined by the official method of the Society of 

LeathGr Trades' Chemists ( 86 ) 

3 . Determination of Nitrogen. 

The Kjol1ah l method pr oposed by Chibnall, Recs 

and Wi lliams (8?) \:as used, as modified by Yuan and ~ollard 
(88 ) and Eastoe and E~stoe (89 ) using the still described 

by Markham ( 90) 
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CHAPTER III . 

COORDINATION OF MUNO ACIDS BY CHROMIUH CHLORIDE UNDE;;. 

AQUEOUS ACID CONDITIONS. 

The solutions whose properties are reported in t ~ti~: 

chapter were prepared by adding known amounts of the amino 3cids 

to standard solutions of chromium chloride, allowing the~ to 

come to equilibrium at predetermined pH values, and ageing for 

one month . This method of preparation is descri~ed in more 

detail as Method l, page 26. 

In a recent series of investigations in these 

l aboratories, Shuttleworth and Sykes have studied the co-

ordination of the same ligands by chrome alum under similar 

conditions, us i ng spectrophotometric (l?), potentiometric ( 33) 

and miniatur e t anni9g methods (g2 ). The present work w8s done 

as a comparison with thi9 previous work ,in order to observe 

t he effects on these reactions of the lesser coordinating 

affinity of chloride compared with sulphnte i ons . It is 

interesting to note that chromium sulphate solutions are 

generally considered to have superior tanning properties to 

chloride liquors . 

Table 3 . 1./ .. . . 
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Table 3.1. 

Logarithmic dissociation constants of the functional 
groups of the ligands . 

Ligand pKl pK2 
(carboxyl group) (amino group) 

Glycine 2 . 3 9.6 

ex amino- n- butyric acid 2 . 5 q .6 

p amino-n-butyric ac id 3.6 10 . 3 + 

'( amino-n-butyric acid 4 . 2 10.4 

+ Estimated value. 

The ligands studied are listed in Table 3.1, 

together with the dissociation constants of their carboxyl 

and amino groups . These figures are taken from the 

litera ture (93) with the excenti6n of th e dissociation constant 

of the amino group of ~ · amino-n-buty:~ic acid, which was 

estimated by potentiometric titr~ti on of 0 . 04 mol8r solution. 

RESULTS. 

It was evident from visual examination of the 

masked solutions that a reaction between the chromium and t~o 

ligand had taken place. While solutions containing no amino 

acid were green , the presence of ligand produc ed a purple 

colour, the extent of the colour change increasing with 

higher concentration of ligand, and with higlwr pH . These 

changes were quantitatively measured with the spectrophoto-

meter. 

Spectrophotometric/ .... 
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Curve Ligand 

....L. Glycine 

.4. o(-amino-n-but,yrie acid -
3 - p -amino-n-butyrie acid 

-±..... Y-amino-n-but.yric acid 

£. tle ligand. 

400 m /"-' 500 m}J-' 600 m.ft-' 
Fig. 3 .1. Absorption Spectra of Chromium Chloride solutions 

masked with 2 moles of amino acid per gram atom of 
Chromium, at an equilibrium pH value of 3.16. 
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Spectrophotometric Examination. 

Spectrophotometric measurements were carried out 

between wavelengths of 320 m.r and 620 m,..., on solutions 

c ontaining the four ligands, each at four conc entra tions 

(0.5, l, 2, 3 moles of ligand per gram a tom of chr omiun) snd 

three pH levels (2 . 50 , 3.16, 3 . 82). In order to observe tho 

effects of higher ligand c oncentrations , so l utions contain i nc, 

four and s ix moles of g lyc ine per gram a tom of chromium ? t 

the three pH l evels were also prepared and exami ned . Solutions 

containing no added ligand were prepare1 as blanks at t he two 

lower pH values and at pH 3.5 , which was the highest value 

attainable without precipitation when us ing t his method. 

A total of 57 absorpt ion spectra were determi ned and 

these are plotted as Figs . A.l - A. l9 in the Appendix. The 

a bsorption spec tra of the solutions containing 2 moles of the 

ligands pe r gram atom of chromium at an equilibrium pH of 3 . 16, 

and the unmasked solution at this pH value, are plotted 

opposite in Fig . 3.1. These curves have a similar form t o the 

absorption spec tra of trivalent chromium solutions reported by 

prev ious workers (ll,l6 , l?) , showing two absorption maxina in 

the visible r egion . For convenience, the abso rpti on ma::i mur,1 

i n the region of 420 m;'V has been r eferred to as the "blue 

peak", that at about 580 m)'V as the "yellow peak" . 

The/ ... . . . 



Table 3 . 3. 

·:avelengths of Maxi mum Absorpt i on of Chromium Chloride 
Solut ions masked with Amino Ac ids. (Millimicrons) 

·-

Mo l es I.'-lue Peak Ye ll ow Peak 
Ligand. 

Lit.;and per mole 
chromium pH pH pH pB pH pH 

2 . 50 3.16 3 . 82 2 . 50 3 . 16 3 . 82 

~T i 1 416 416 420 582 586 584 

Glycine .l. 
2 420 412 416 576 575 566 
1 416 416 412 576 574 575 
2 418 418 410 576 56R 56 t1 
3 42R 418 412 572 ~62 550 
4 424 414 406 56R 556 5 ~4 
6 420 !1 10 4 08 t:;6 (1 ~~0 5A..:1 

..{ amino-n- .l. 
2 418 414 416 576 578 576 

butyric acid l 418 420 418 576 578 570 
2 428 424 416 574 568 560 
3 434 425 416 572 566 552 

~ amino-n- .l. 412 410 ~ 11). 576 S72 575 2 

utyr i c acid l 416 !1 10 tl12 577 572 566 
2 435 t133 432 58·1 5R4 578 
3 4t1,2 ~ 16 4~ 2 582 5P.6 586 

y amino- n- ~ 408 408 t1rl0 57J 575 576 
butyric acid l L'r 16 ~-12 413 57 ~ 572 568 

2 tll9 I' 20 11 32 582 576 576 
3 !J.t~ 2 fl t. ,II 

' f "",. 580 578 578 



Table 3.2 . 

" . Yi -::um molar extinction coefficients of chromium ch l oride 
so l ut ions masked with amino acids. 

Moles of Elue Peak Y e 11 o "' P e a k 
Ligand 

Li.:_-a nd per mole 
Chromium pH pH pH pH pH pH 

2 . 50 3 .16 3 . 82 2 . 50 3.16 3 . 82 

Hil 31.0 48.3 49.4 19 . 3 22.7 23 .3 

Gl ycine .1. 
2 26 . l 44 . 6 48.4 21.6 23 .7 27 . 2 
l 25.9 33 . 8 50 . 9 24. 8 27 . 0 30 . 3 
2 28 .7 32 . 2 44. 6 29.1 31.4 34.6 
3 32 .1 34. 7 40.3 32.3 34 .9 39.0 
4 34 . 4 36 . 8 46 . 6 33 . 4 38 . 0 52 .5 
6 36 . 0 39.3 46.5 36 . 8 4£1 . 9 52 . 5 

ot.. amino -n- .1. 
2 26 .1 43. 1 48 . 9 21.4 25.4 27.8 

butyric acid l 26 .2 34 .1 46 . 9 24.5 27 .4 29.4 
2 31.4 33.6 42 . 4 30.3 31.4 36.1 
3 36 . 2 36.4 4.0. 8 33. 0 35 . 3 40.5 

~ amino -n- ~ 25 .1 38.2 £16 . 1 21.8 24.8 28 .8 2 
butyric acid l 23 . 9 32.9 43.1 27.2 30 .4 34 .7 

2 34.4 35 .9 36 . 8 33.2 34 . 5 36.3 
3 45 . 0 45 . 8 43 . 9 35 .6 36.4 36.4 

'( am in o-n- .1. 
2 25 . 5 37.8 45.0 22.5 25 .1 29 .. 6 

hu+.yric acid l 24 . 0 33 . 0 42 .1 27.4 31.6 35 . 3 
2 37.2 40.9 43.1 34 . 5 36 . 8 37.7 
3 47 . 0 47 . 6 47.6 38.0 38.0 38 .0 
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The molar extinction coeffic i ent ( £... ) is calculat e~J 

from the opt i cal density r eadings taken by application of the 

Beer-Bouguer r ela t i on quoted on page 31~ 

d = f_ c 
d 

f = c 
where d = optical density 

c = concentration of solution 
= l 

75 gm. atoms of Cr per lit r e . 

The molar extinction coefficient of the two absorpt i on 

maxima of the solutions will be r eferr ed to as the " E.. max" 

values. 

Bxamination of Fig. 3.1 shows t ha t the £ max of 

tho solutions at tho two peqks vary between t he different 

ligands , increasing in the order: g lycine , o{ -, ~- , y-amino­

n-butyric acid . This is similar to the observations of 

Shuttleworth and Sykes (l7 ), but a marked difference is noted 

in that the absorption of tho bluo peak in tho case of the 

unmasked so l ution is higher than thos e of the masked so l utions . 

The s i gnificance of this point will be discussed later . 

The v:ave lengths of maximum absorption and molar 

extinction coefficients at t he solutions 1 t wo absorption m~xima 

ar e given in Tables 3.2 and 3 . 3 . 

Inspection of Table 3.2 shows that the [ max valuls 

of the solutions tend to i ncreas e at the higher pH levels, but 

refer ence to Fig. 3 . 2 shows that this effec t is most pronounced 

at the l owe r concbntrations of ligand . 

The v a r i at i on of f rna x of the s o 1 u t i on s w i t h t h c 

concentration of the ligand is shown in Fig. 3. 3 . A marked 

d if f e. r on c e / • . . • . . 
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difference between the effect on the absorption of the blue 

and yellow peaks i s immediately ap~arent . Inspection of the 

curves representing f. max of t he ye l low peak indicates the 

occurrence of a normal mass action equilibr ium between the 

t otal amount of ligand present and the extent of coordination 

of the chromium . However, an apparent contr8diction is found 

in the variation of the absor ption of the blue peak, where 

there is a reduction in f. max with rising concentration of the 

l i gand un t il a min i mum i s reached , after which the value 

incr eases again . A similar effect was observed by 

Shuttlewor th ( 94 ) i n studi es of the coor dination of sulph ·· t.e 

ions , when the absorption of a 33 ~ basic chroMium nitrat e 

solution initially fell on increasing the concentration of 

su l phate ions. The proposed explanation of this phenomenon 

was a change in t he composition of tte solution from a high ly 

absorbing olated complex to a less absorbant solution in which 

hydr oxyl bridges were r eplaced by sulphate l inks: 

OH OH 
,1/ '1/ ,1 _, , 1/ 

Cr Cr --~) Cr Cr , 
I \ ' OH / I ' / I ' 0 0 / I 

' s" 
-7 ~ 

0 0 

A similar explanation is suggested in t he pr esent 

case: that the pr esence of ami no acid reduces the degree cf 

a l a ti on of the complex and i ni tially forms a solution of lowr r 

absorption, before the mass action effect increases the ex tent 

of coor dination with the ultimate formation of a solution of 

higher f max . It is interesting to compare the solutions Dt 

the three p~ levels, when it is observed that in the solutions 

of/ . .... .. . . 
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of higher pH, having a higher basicity, the minima of absorp­

tion tend to be displ~ced to a higher m~lar rRtio of ligand, 

indicating that a larger quantity of hydroxyl has to be removed 

from the complex before the effect of coordination on absorpt­

ion predominates . 

From the regular increase in f max of the yellow 

peak it appears that absorption in this region of the spectrum 

is not affected to any marked extent by ola tion of the complex, 

but that this peak is primarily a measure of the degree of 

coordination of ligand to the chromium . This concept i s also 

supported by the considerably greater effect of pH on tho blue 

peak compared with the yellow peak at the lower molar ratios 

of ligand which can be seen on inspection of Fig. 3.2. At the 

higher molar levels, where the effect of the pH on alation 

is expected to be lower, the pH effect on the blue peak is in 

fact considerably reduced . 

Fig . 3 . 4 shows the variation in t max on solutions 

containing glycine in amounts up to 6 moles per gram atom of 

chromium. The t max values at the blue peak, after r eaching 

the minimum va lues discussed above, 2ppe2r to approach m~ximun 

limiting values, this being particularly notic eable at the 

lowest pH level. In the case of the yellow peak, there is a 

steady increase of absorpt ion as the concentration incregses, 

with indication of roaching a limiting VRlue in the cas e of 

solutions at the lowe s t pH VAlue . Those curves l end suppor t 

to the concept of the coordination r eaction ob8ying a mass 

action relationship . 

The/ . .... 
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The differences between the absorptions of solutions 

prepared from different ligands a t the same concentration and 

pH i s shown in Fig . 3.5 , where the t max values ar e plotted 

as function s of the logarithmic dissociat i on constant (pK1 ) 

of the carboxyl groups of the liga nds . 

Examination of the curves representing the yellow 

peak indic a tes that there is an increase in absorption with 

increasing pK1 v a lue in most cases, indicating that there is ~ 

positive, approximate ly linear correlation betwe en the extont 

of coordination of an amino acid and the pK1 value of its 

carboxyl group. It is suggested that apparent anomal i es in 

the CRSC of the blue peak are due to tho contr3ry affec ts of 

coordination and de-olation . However, it m8y be seen that a t 

the highest molar r atio of ligand, where coordination probablv 

predominat8s due to the mass act ion eff ect, a positive cor­

r e l ation between i max and pK1 is observed . 

These results appear to indic a t e that, under the 

acidic conditions of the present experiment, the dissociAtion 

constant of the carboxyl group is t he main factor inf l uencing 

the s t ability of the coordination complexes of chromium with 

ami no acids . If tho stability wAre increased by che lat e rin r 

formation due to both functional gr oups entering the complrx , 

~-amino ac ids would be expected to form the most st able 

complexes, while in fact the reverse is indicated by tho 

above results . 

Potentiometric/ •.. 
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Potentiometric Titrations 

In order to confirm the qualitative 8nd semi ­

quantitative information regarding the relative extents of 

coordination which is provided by the spectrcphotometric 

results, and to allow a quantitative esti~Ation of the degree 

of coordination to be made, a number of the solutions were 

examined by potentiometric titration . The titrations were 

carried out on the solutions containing the liEands at a ratio 

of 3 moles per gram atom of chromium, at an equilibrium pH of 

3 . 82, as well as on equivalent quantities of the ligands 

adjusted to pH 3 . 82 a~d the unmasked chromium chloride 

solution at pH 3.5. 

Two separate al iquots of each solut i on were titra ted, 

one with alk8li to pH 12, the other being back-titrated down to 

pH 2 with hydrochloric acid, employing the procedure described 

in the experimental section, page 14 . The results in all cases 

were combined in a single titration curve. In order to 

eliminate the confusion due to the effect of dilution on tho 

titration curves , which becomes lRrge as the extreme pH va lues 

are approached, the titration curve of wAter was determined 

between the pH limits 2 and 12 and the ap~ropriate amounts, 

determined from this curve, were deducted from all volume 

readings before plottins the titration curves reuorted. 

The titration curve of each of the four ligands ··as 

added to that of the aged chromium chloride solution, 3nd the 

resulting curves, which are r eferre0 to Ps the 11 c omposite 11 

curves/ . .. .. . 
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curves, are plotted alongside the titration curves of the 

corresponding complexes _in Figs . 3 .7- 3.10. The titration 

curve of the aged chromium chloride solution is plotted in 

Fig. 3 . 6 . 

The amount of ligand coordinated was estimated hy 

measuring the difference between the complex and composite 

titration curves at appropriate pH values . 

This method of estimating the extent of coordination 

of metals by noting the differences between the sum of the 

titres of the metal and lie and and the titre of the mixture is 

not confined to chromium, but has been used in a number of 

investigations of this type. Among inv~stigat ions on other 

metals, Albert (96 ) has uf.cd the diffPrAnces between analagous 

composite and complex titration curves to &stirnate the co­

ordination of a number of metals by amino acids . Dat ta e.nd 

Rab in ( 2l) have used similar methods to study the chelation 

of peptides qnd similar substances to copper, cobalt and 

manganese, where t he method is sufficiently exact to per~it 

the stability constants of the complex ions to be determined . 

The present titration curvns may be divideo int o t• Jo 

main portions• In the acid pH range, the fr ee carboxyl groups 

in the solutions are titrated over an interval depending on 

the pK1 value of the amino ac i d . In the composite curves, 

the titrations ara equiva l ent to all tho carboxyl ions in the 

solutions, plus small amounts absorbed by thG chromium chlorid e . 

In the case of the complexes, the titration in this region is 

equivalent to the uncoordinated ligand present, with a certain 

contribution/ ...••.• 
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contribution by the chromium in the complex. This aspect is 

discussed more fully below. ~xamination of Figs. 3.7- 3.10 

shows that tho reaction between the ligan~ qnd the chromium 

has reduc ed tho amount of carboxyl titrating in this region, 

and indic8tos that coordin8tion of tht cnrboxyl groups has 

taken place. 

In the upper pH r cmge of tl-J.e titration curvos, thv 

amino groups of the ligands arc titrated . In the case of the 

composite curves, All the amino groups titrate accord ing to 

their normal pK2 values . Examination of the complex 

curves reveals that the Rmino groups in the complexes are now 

titrating ovE:Jr a much wider pH range, the titr3tion commencing 

about 2 - 3 pH units lower than in t he CRSe of the composite 

curve. It is evid ent that coorninqtion of the carboxyl groups 

of the amino acids has caused e lowering of the pK2 values of 

tho amino groups. A simil8r Gffect has been reported for thG 

pK2 values of amino acids and their esters , when it was found 

that esterification caused a lowering of pK2 (g3 ) . It is 

evident that there i s no reduction in the quantity of amino 

groups titrating in tho case of the complexes . 

The quantity of C8rboxyl groups cuordinated to the 

chromium was est i matod by applicat i on of the well-kno 1n 

equation: 

pH = pK + log10 cone. of salt 
cone. of BC id 

relating tho pH of a solution containing a wonk acid and its 

salt with a strong bnse to the dissociation constant of the 

~cid and the relative concentrations of the salt and ac i d . 

I n/ ...... . 
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In the range between pH = pK and pH = pK + 2, approximately 

50% of the weak acid present is titrated. 

The difference between titrations for the com~osite 

curve and for the complex between these pH limits, was 

measured for each ligand~ and this quantity, with certain 

reservations, was taken to re~rGsent half of the amount of 

carboxyl coordinated. The results of these estimations are 

given in Table 3.4. 

Table 3.4. 

Moles of carboxyl coordinated as estimated from the 
potentiometric titration curves in range pH = pK1 to 
pH = pK1 + 2. 

Difference 
between com-
posite and com-
plex curves, 
equivalent to Holes of 
half bound carboxyl 

Ligand pH range carboxyl. coordinated 

Glycine · 2.3 - 4.3 . 90 1.8 
ol.. -amino-n- 2.5 - 4.5 .80 1.6 
butyric acid 

,4 amino-n- 3.6 - 5.6 1.15 2.3 
butyric acid 

yamino-n- 4.2 - 6 . 2 l. 30 2.6 
butyric acid 

An assumption has been made in arriving at these 

results which is not strictly valid~ this is that the 

difference between the composite and complex curves is due 

only to coordinated carboxyl groups. Reference to Fig.3.6 

shows that chromium chloride itself does not titrate to any 

appreciable extent in the range below pH 4. Since absorption 

of/ ..... . 
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of strong acid by non-olated basic groups forms the basis 

of a standara mothod for determination of the degree of 

olation (9?), this suggests that the chromium chloride 

solution is 100% olated, and agrees with Shuttleworth's 

findings ( 95) that the uptake of strong acid by olated 

chromium solutions is a slow process . 

It has been assumed that the chromium in the 

complex behaves in a similar manner to the unmasked solution. 

However , it is possible that coordination, which the spectro-

photometric results indicate causes a reduction of olation, 

might change the absorption of acid and alkali by the chromium. 

Although this may alter the result s obtained, it is considered 

that the errors caused in this way are comparatively small. 

These potentiomGtric results provide confirmation 

that only .the carboxyl groups enter th e chromium complex under 

the conditions of the experiment. In a solution of a com~l ex 

containing a chelate ring of the type: 

1/ 
'cr /, , 

0 NH2 
I \ 
C (CH2 )n 

If 
0 

which is similar to that formed with oxalate, the amino 

group would not be free to titrat e . 

Paper/ ..... 



Table~. 

Elrctro lytic mobilities of complexes of chromium chlor i de 
· ·ttl.';. amin o acids. 

a<. 
bu 

i:;and 

l 

ycine 

ami no-n-
tyric acid 

'3.mino-n-
tyric acid 

ami no - n-
tyric acid 

--

~1o l ar ratio 
of ligand 

1.. 
2 

l 
2 
3 

1.. 
2 
l 
2 
3 

1.. 
2 

l 
2 
3 

i 
l 
2 
3 

1-:obil ity 

( em/sec /un it voltago grad. x l0- 5) 

pH 2 . 50 p!-I 3 .16 pH 3 . 82 

1.4 2 .2 1.6 

. 9 1.9 1.5 
2 . 0 2 . 5 1.6 
2 . 0 3 . 0 2 .3 
2 . 3 3 .2 2 . 0 

l.l 1. 8 1.7 
1.3 2 . 3 2 . 2 
2 . 0 1.7 1.8 
2 . 2 2 . 9 2 . 3 

1. 8 1.3 1. 5 
1.2 2 . t; 2 .3 
1.7 2.6 2 . 2 
2 .1 2 .8 2 . 2 

. 9 2 . 7 1.3 
1.2 2 . 8 2.4 
1.7 2 . 0 1.0 
1.7 2. 7 l.l 
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Paper 3lectrophoresis. 

The method described in the experimental section 

(page 35) is subject to a r.umber of complicating factors which 

may alter the mobilities of the ions to a certain extent, thus 

limiting tb.e deductions which rnay be made from the results. 

Dilution of the complex may cause its state to change during 

the six hour period of the run , though this effect may be 

rP.duced as the pH of the medium is the same as that of the 

complex . In addition, tre electric field ~qparates the com­

ponents of the solution, and ~ass action Bffects will tend t o 

favour a revers~ l of coordination. 

At the end of the run the complex was visible · as a 

sharp band on the electrogram without development by colour 

reagents, the direction of movement Rhowinf that all the 

complexes were cationic . On spraying the electrogram with 

Ninhydrin , the amino acid was detected over the whole area of 

the strip between the orisin and the cathode vessel . Jt is 

suggested that this amino acid was liberated from the complex 

during the run, and, having a much greater mobility, moved 

ahead of the complex by different distances depending on the 

time a t which it was l iberated . 

The mobilities of the complexes, calculated from 

the distance moved by the bands, the mean voltage gradient 

and the time of the run, are given in Table 3.5. 

The most noticeable feature of the table is tbe 

fact that, with two exceptions, t he complexes at pH 3.16 had a 

higher/ • .. . .. 
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higher mobility than the corresponding solutions at the othr.r 

pH levels . ~ince penetration of hydr oxyl ions into the c or n le~ 

lowers the mobility by reducing the charge, and olation, b ~' 

tending to make the structure more compact, should have tho 

effect of increasing the mobility, it se e ms likely that t~e 

maximum mobility at pH 3 . 16 represents a sta t e a t which the 

interaction of thes e two contrary effect s reaches a turnin~ 

point . It is noted that pepetration of amino acid has no 

direct effect on the total charge of the complex, though it 

is likely to have indirect eff ects . 



Table 3. 6 . 

~hromium fixation by skin tanned with complexes of chromium 
~ hloride with amino acids (m.moles of Cr per gram collagen). 

Holes 
Ligand 

~ if!and per mo le pH 2. 50 pH 3.16 pH 3 . 82 ch romium 

.. il l. 53 l. 63 2.20 

Gl ycine .1.. 
2 . 72 1. 08 l. 75 
1 . 62 . 81 l. 20 
2 .40 .54 .66 
3 .27 .41 . 47 

o( amino-n- 1.. 
2 . 56 1.05 1.93 

butyric acid l - . 70 1.13 
2 .36 .48 .65 
3 . 27 .35 . 50 

~ amino- n- .l. .55 .97 l. 59 2 
but yric acid 1 .44 .65 .81 

2 . 39 .35 . . 32 
3 .12 .14 . 22 

yamino-n- .1. 
2 .51 . 97 l. 57 

butyric acid l . 37 . 66 . 7'7 
2 .28 . 32 . . 36 
3 . 09 .10 .11 



Table 3.7. 

J'nc r ease in shrinkage temperature of skin tanned with 
complrxes of chromium chloride plus amino acids . ( A oc). 

t~ o le s 
Ligand 

ligand per Hole pH 2.50 pH 3 .16 pH 3.82 
Chromium 

Hil 39 58 56 

G lye ine 1 31 59 54 2 
l 37 56 t:;2 
2 33 52 46 
3 30 38 35 

c( aoi no-n- .1. 38 56 57 2 
but ·rric acid l 36 56 55 

2 31 45 39 
3 27 36 38 

1 ami no-n- .1. 38 56 48 2 

butyric acid 1 3R 54 53 
2 29 34 34 
3 26 28 29 

Y OIQin o-n- .1. 
2 36 58 49 

bntyric acid l 34 43 4.0 
2 30 )7 34 
3 21 20 25 

>--· 
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Miniature Tanning Experiments. 

This work was done in order to provide confirmation 

of the conclusions which were drawn from the results of the 

physical measurements r eported in the earli er sections of this 

chapter. Shuttleworth has shown (60) that the principal factor 

affecting the tanning power of a chromium solution is the 

number and stability of the ligands already pr esent in the 

complex . For this r eason , the tanning action of the comrlcxes 

under comparable conditions has been used as a measure of t he 

relative stabi l ity of the various chromi um- amino acid compl r: xes . 

Visual examination of the skin strips after t annage 

showed that the ligands had r educed the t anning power of t h8 

chromi um so l utions. The strips t anned with the solutions 

containing little or no amino acid appeared to be we ll tanned , 

while those with larger amount~ of ligand appe3re d unt8nne0, 

and collapsed on drying . In comparing the ap~earance of tho 

strips t anned with the different complexes, there seemed to b r. 

a small decrease in efficiency in thE order: glycine, 

o{ -, {J- , Y-amino-n-bu~yric acid . The strips t ended to gssumo 

the colour of the complexes with which they were tanned . 

The amounts of chromium fixed from the complexes 

are g i ven in Table 3. 6, the figures being calculated from t he 

ana l ytical results for chromium and nitrogen. A certain 

inaccuracy should be mentioned at this stage - the ami no acid 

fixed in the pelt by the chromium complex will alter the 

figure for 11 hide substance 11 to a certa in exbm t . Th i s error, 

which/ .. ... 
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which is relatively small because of similar nitrogen 

contents of the amino acids under consideration, is not a 

serious f actor in the present compRrative work. 

The increases in the shrinkage temperature of t he 

tanned strips compared with strips tre:-1 ted f or the SF\r"'e t i r.o.e 

w.ith hydrochloric scid' solutions 0t the J P.l ppropri ~ te pH levr.ls, 

nre s iven in Table 3.7. 

Fig. 3.11 shows the variation of the chromium 

fixation from the complexes with different amounts of lig2nd in 

the solution. Increasing the ligand concentration is se en to 

decrease chromium fixation in all cases and the curvelinear 

relation existing suggests that there is a mass action equil­

ibrium betwe en the penetration of the coMplex by the active 

groups of the collagen and the ligand, governed by their 

relative affinities. 

The variation in chromium fixRtion is refl ected in 

the increase in the shrinkage temperatur e of the skin aftor 

tannage. This effect is shown in Fig. 3.12, wher e it is s ern 

t hat the decreased chromium fixation caused by the presence of 

the ligand has brought about a corresponding decrease in 

hydrothermal stability of the leather. 

The effect of the pr esenc e of different ligands on 

the chromium uptake is shown in Fig . 3.13 where the fixation 

is plotted as a function of the pK1 valuos of tho amino acids . 

There is a decrease in chromium fixation in th e order of 

incr easing pK
1 

values, confirming the spectrophotometric a nd 

potentiometric evidence that there is incr easing penetra tion 

by I . .... . 
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by the ligand in t his order . Fig. 3.14 shows that t ho 

hydrothermal stability of tho l o ath~r conforms to a similar 

pattern . 

The tanning properties of t ho complr:xos seem to 

indicate that there is an increas e in the stab i lity of tho 

complexes in the orde r of increasing pE1 values , s ince t he 

tanning action of a complex is influenc ed by tho ease with 

which tho ligands con be displaced from it by co llagen ,as 

well as tha number of coordin8tion sites occupied . 

The s imilarity of tho effects of coordina t ion on 

the chrome fixation and shr i nkage temperature indica tes tha t 

the action of the ligands has been to prev ent entry of t he 

activ e groups of tho collagen into tho complex wi th tho 

f ormation of s t able cross links. 
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DISCUSSION OF R5SULTS AND COMPARISON 
WITH THE WORK ON CHROME ALUM. 

It has long been known that sulphate ions have A 

greater coordinating affinity for chromium than chloride 

(4 ) (14) (42 ,4S) ions and Theis and co-workers and Shuttleworth , 

among others 9 have studied the coordination of sulphate ions 

to chromium. The greater stability of coordination of sulphate 

compared with chloride is associated with the formation of a 

six membered ring of the type 

' / s 
~ ~ 

0 0 

which is somewhat similar to the structure formed by other 

bidendate ligands and suggests that ring formation is t he 

reason for the generally greater stability of these c om~ared 

with monodendate ligands. 

This chelste ring formation by sulphate ions r es i 2ts 

penetration of the complex by other ligands , including hydroxyl 

ions, and has the effect of reducing the amounts of ligands 

added to chromium sulphate so lutions which are coordinated. 

The reduced penetration in the cas e. of hydroxyl ions coupled 

with the fact that sulphuric is a somewhat wP.aker acid than 

hydrochloric, causes sulphate solutions to be less basic than 

chloride solutions at similar pH va lues. 

This/ ..... . 
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This point has beGn verified in the present worlr b~r 

pr eparing a series of solut i ons of various basicities and 

dete r min ing the ir pH values . ~hr: results arn given in Tab le 

3 . 8, and a r e plotted for comp8rison in ~ig . 3.15, fro~ which 

it may b e seen t hat the chromo alum so l ut i ons have pH ' s. of 

.25 - . 5 h i ghe r t hAn chr omi um ch l or ide so l utions of the sawe 

basic i t y. 

Table 3. 8 . 

pH va l ues and b?sicities of chr omi um chlori~e and chrome 
alum s olut i ons . 

An i on Concentration BAsici ty pH 
~ mo l ar 2_ __ ( %) -·-·- - - ----·-·-

Chlor i de . 327 ~7 . 9 2. 80 
. 336 ~ l. £1 2. 63 
. 29 5 h. A , g ?. . 84 

·---·- ----·-- -- ·--··-
Sulph3te . 330 26 . 5 2 . 80 

. 338 45.9 3 . 27 

. 283 48.3 3. 32 
'--· - ·--.--·- ·-· ·--··- ----· -·-- '---·--------

The or~er in wh i ch th~ different ligands coDe i nto 

contact with the chromium pro~ably plays a ~grt in thr- extent 

to wh ich they co ordinate . In both series of cxneril"1ents, t 1 l(:; 

l'lmino acid w2.s added before acl;iustment of the pE by c>.lka l i, 

and elat ion would tend to take place only et the coordination 

sites l of t vacant by t hese ligands . It is l ike l y that 

different results would hPve be en found had the ligands been 

a dded to chromium so l utions After alat i on was brought pbout 

bv addition of alkal i. 

In the case of the chrome a l um solut i ons , the 

sulphate/ .. . .. . 
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sulphate was present in ths solut ion before thA ligand was 

added, and for this r eason the fairly stable sul~hate rings 

had to be displaced , At two different points in the coM~lex, 

before coordination of the carboxyl groups could take plac~. 

C or'lpPr ing the spec tr o~h ot omo tric data from th e t•1o 

series of experiments, it was found that the chloride solutions 

had consider?bly higher i max values than the corres~onding 

sulphate solutions at the same chromium concentration. ~h is 

may be seen in Fig ._ 3.16, in which tho variation of E wax with 

ligand concentra tion is plotted for both the chrome alum ~nd 

chloride solutions, 8t the 2. 50 and 3 .16 pH levels. 

The fall of f max in t hn 420 w/' or blue neFll<" region, 

wh~n a small amount of ligand has be en added to the chloride 

solution is reduced in the case of tho sulphate solutions. At 

the 2 .50 pH level, this effect is observr:d to a smRll extent in 

tho chl oride, due to displac ement of R rolatively small number 

of elated rings, 8nd is not apparent with the sul~hate solu­

tions. At the 3 .16 pH level this effect is much more pronounc ed 

in the chloride, due to tho l a r ge r number of elation bri~rcs 

that have to bo displaced . In th8 sulphate solutions an 

indication of this effect i s rcceivcr'l in t hat the r ate at •.·hich 

f max rises with th e amount of ligand increas e s at tho l 

mo l ar level where Shuttleworth and Syke s havo shown 0.6 0.8 

moles of amino acid to be coordinated pe r gram atom of chroMium. 

In this case the initi2l slow rise in € max is probably d'le 

to dis~lacement of sulph8te rings and 8 certPin amount of 

olated rings. 

These/ •...... 
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These comparisons seem to provide additional 

evidence for the hypothesis that while the yellow peak is 

affected predominantly by penetration of ligands other than 

hydroxyl, the blue peak is affected by both elation and 

coordination. 

The amounts of carboxyl coordinated to the chromium 

complex, as estimated from tho potentiometric results, Pre 

compared with the corresponding figureR for chrome alu~ in 

Table 3 . 9, from which it appears that a larger amount has 

been coordinated to the chromium in the case of the chlorid~ 

solutions than in the case of the sulphatE. Addi tional 

qualitative support for this is obtained by co~p8rine the 

resistance to penetration of the complexes by alkali . 

Shuttleworth and Sykes found the glyc ine complex to 

precipitate at pH c; .o, 1J1hile the precipitation points of 

the complexes of the other ligands are given as 11 greatE'r 

than 10'' . In the present work none of the complexes were 

found to precipitate during the titration up to pH 12. 

Table 3.9 . / . . . . 



Table 3.10. 

Comparative figures for the tanning action of solutions of 
chromium chloride and chrome alum masked with am i no aci0s . 

a . Chromium f i xation from solutions containing 2 moles of 
amino acid per gram atom of chromium, a t equilibrium 
pH 3. 16. 

chromium chrome 
Ligand ch l oride alum 

-
Nil 1. 63 0 . 74 
~-amino-n-butyric acid 0.48 0 . 35 
~~amino-n-butyric acid 0.35 0 . 23 
~-amino-n-butyric acid 0 . 32 0.17 

b. Increase in shrinkage temperature producect by tannage 
with solutions of chromium chl oride and chrome alum 
containing 2 and 3 moles of ami no acid ~er gram atom 
of chromium, at equilibrium pH 3 . 82 . 

·2 moles ligand ~ 
,; moles li.:::and 

chromium chrome chromium chromE 
Ligand chloride alum chloride alum 

.. 

Nil 56 oc 60 oc 56 Ot; 60 or; 
amino acetic acid 46 46 35 45 
ft -a min o-n-butyric acid 34 35 29 27 
5~mino-n-butyric acid 34 27 25 6 

---. 
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Comparison of amounts of ligan0 s coor0in8te0 fro~ sulph8 t e 
and chloride solutions at pH 3.82, with 3 molr-s of lig8nd 
per gram 8 tom of chromium. 

Ligand Sulphate Chloride 

Glycine l.l 1.8 

o{ ami no-n-
butyric acid 1.3 1.6 

t amino-n-
utyric ac i d l. 5 2.3 

y Rmino-n-
butyric acid l.6 2 . 6 

Comp~ring th o results of tho t anning experiments 

r eve a ls tha t the prGs enc e of the ligand s has a similar effect 

on the chromium fixa tion 8n0 shrinkege t emperatur e in bot~ 

cAses. It was found th 8t in general, chromium fixati on and 

shrinkage tom~( rqtur e were higher with tho chl oride so l utions 

than with t ho sulphate complGxes . This fact does not 

necessari l y contradict the vi r w t~Rt sulphRte so lutions 

g€nerally h3ve 8 superi or t8nnine ac tion , however, as the 

eff ec t of the higher basicity of t he chloride solut ions would 

be to increase both these vAlues, AS reference t o t he V8riq -

tion with_pH of the solution will show. 

In conclusion it may be s~id that chloride and 

sulphat e solutions hr-1Vo shown similar vt=~ ri "ltions i n All thr. 

properties measured due to the additions of liga nds , with 

generally r educed amount s of penetrAtion in the case of th e 

c hr orne/ •.... 
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chrome a l um solutions due to the resistance to displacement 

of the re l atively stable chelate ring formed by the sulphate 

ion. 

Unlike normal carboxylic acids , coornination of 

amino acids has not reversed t he change on the complex, due 

to the fact that these ligands are dipolar ions , and have no 

net char ge i n t he form in whic~ t~ey ar8 coordin8ted . 

The amino groups do not appear to contribute to 

t ~ e stabili ty of the complexes due to format i on of che l ate 

r i ngs , but on l y i ndirectly due to their influence on the pK1 

values of t he ami no acids, which is the quantity directly 

influencing the coordination of monocarboxylic l igands . 
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CHAPTER IV. 

CO~~LEXES OF SUBSTITUTED AC~TIC AND PROPIONIC ACIDS. 

The results which were reported and discussed in 

Chapter III , in conjunction with the analagous results 

obtained in experiments involving similar complexes of chrome 

a l um, have provided a certain amount of ev idence as to the 

mode of coordination of amino acids by chromium . As a result 

of this work the hypothesis has been put forward that no 

stable bond between the amino group and the chromjum nucleus 

is formed under aqueous acidic conditions, but that the linv 

is through the carboxyl group only, the effect of the a~ino 

group being an indirect one through its influence on the pK1 

value of the carboxyl grou~. 

As an extension of this work, the coordination of 

a number of substituted carboxylic acids was studied, in 

order to observe the effects of other substitur.nt ~rouns on 

the coordination of the carboxyl group . Two series of aci~s 

were used in this work - acetic and propionic acids , and thb ~ A 

with amino, hydroxyl, chloro a~d bromo subs tituent grou~s . 

In most cases, coordinati on of both chromium chloride and 

chromium sulphate was studied . 

The aim of this work ha~ been to discover whether 

these other polyfunctional ligands ~bowed evi~ence of ch e l ~ t s 

ring formation under aqueous Reid conditions, or whethP.r they 

react in a similar manner to t~at propose~ for the amino aci~s 

stud i ed/ ..... 
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studied in . the f irs t sec t ion , i. e . mere l y by the i r e f f e c t on 

the dissociation constant of the carboxyl group, with possibly 

an additional influence due to steric effects. 

The complexes whose properties are described in 

this chapter were prepared by allowing the solutions to attain 

equilibrium after definite amounts of al~ali had been ad~ Ad 

to them, rather than adding small amounts of alkali over a 

period in order to bring the solutions to predetermined pH 

values. This method cf preparation, which is similar to that 

used by Green and Ang (l6 ) , in studies of the coordination 

of alanine by chromium chloride, is "descr ib~d nn page 28. 

The method as described originally by Green and 

Ang for alanine was in effect the addition of a carboxylic 

acid salt to the chromium solution. Shuttleworth (l5 ) has 

shown that in the case of masking with organic acids, 

equilibrium is reached much more quickly if the ligand is 

added as a salt. Although in Shuttleworth's work, sodium 

acetate was added to chrome alum solution of similar 

concentration to that used in chrome tanning , and the pH 

subsequently adjust ed to 4.9, no precipitation was r eported. 

Serfass and Theis (l4 ), on the other hand, found that 

addition of sodium salts of organic acids t o 33 % basic 

chromium sulphate at a concentration of 4.5% Cr2o3 caused 

precipitation , and for this reason they used the fr ee acids 

in their investigations. 

At the concentration used in th e present work, 

(0.333 ~olar with r espec t to chromium), preci~itation 

o~curred / ..... . 
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occurred when the potassiuM sa lt of the ligand was addod to 

the chromium solution of zero basicity. lf, however, tho 

acid were added to the chromium solution f i rst, and an 

equivalent amount of alka li to neutralis e the organic acid 

added over a period afterward, precipitation could in mosc 

cases be avoided . Up to three molos of addit i onal al~ali 

per gram atom of chromium were then added to yield curvrs 

comparable to those obtained by th~ addition of alkali to 

a mixtur e of chromium salt and amino acid . 

In thG solut ions where the initial reaction was 

carried out by boiling under reflux, th o al~ali was conv en ­

iently added dropwise down the reflux co~denser during 

boiling . In thr so l utions wher o the preparation was carried 

out in tho co l d, the alkali was added drouwise with conF ~P~ 

stirr ing . 

In some cases, pr ocipitation still occurred at 

this stage, or possibly after the addttion of a small amo·u1~ 

of alkali above the equivalent for tho potassium salt, ~o 

in ordor to ext G nd the range of pH over which the so lu1• l :: 

complexes could be studied, smaller quantities of alk3li 

were added initially in some cases, i . e :- r eadings were 

first taken on chromium salt to which had been Pd~cd a 

mixture of organic acid and organic acid salt . 

Tho halogon-substitutG~ Rcjis wern found to 

hydrolyse during th~ prolonged periods of hGating usGd in. 

thG original mothod of preparation . · Attention was first 

drawn/ .... . . 
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drawn to this effect by the low pH values of solut ions 

containing these ligands and confirmed by the formation of 

a silver halide precipitate when a boil ed solution of chromium 

sulphate and bromo- acEtic acid was treated with nitr i c ac i d 

and silver nitrate. Since no such pr ecipitate was ~roduced 

by this solution prior to boiling, decomposit i on must have 

occurred . I t was, t hE refore, decide~ to attempt ~reparati on 

of complexes of theso ligands ~v less drastic methods . 

These modifications to the original method wer o 

tested using glycine as ligand, i n or0or to discov er tho 

differences between tho propert i es of complexes produc ed by 

the different methods. These results are g iven in FigG . J .4, 

4 . 5 and 4.6 . 

It was found that the shorter period of heating 

of thG halogen- substituted acids still produced ~ydrolysis, 

and for this r eason the complexes of th c 9 ~ ligands were 

prepared without h rating at any stage . The properties of 

some complexes of bromo- propionic acids, prepared by the 

original method before the limitations were noticed , are 

given in Figs . 4 . 14, and 4 . 15. 

It will be apprecia t ed that the method of 

preparation is in cffoct one technique for obtain i ng a 

titration curve of a chromium complex, as the pH corrfs­

ponding to any particular incrr.ment of alYali will be 

dependent on tht four factors: 

a./ . . . . . . 
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a. displacement of coordinated wa t er by~ 

i. organic ligand 

ii. alkali 

b. displacement of coordinated inorganic ligand by 

i. organic ligand 

ii. alkali. 

Additional information on the reactions taking 

p lace c an be obtained by spec tr ophotometric analysis of the 

solutions at the various pB values . Th is was done bv dilutinr 

25 time s to t he same chromium c oncen trati on as in Chapte r III 

and measuring the absorption craracteristics of the solutions 

over the restricted ranges 400 - 440 m~ and 540 - 600 m)k 

and determining the £. max values and the wave l engths of 

maximum absorpt i on . 

Detailed results are given in tabul~r form i n 

Appendix B, for t he pH, ). max and i max values for each 

particular increment of alkali . 

Finally, each of the solutions prepared was used 

for miniature tanning exper iment s , the fixation of chromium 

per g r am of oven- dry l eather and the rise in shr i nkage 

temperature wer e deter~ined: detailed re sul t s of t hese 

determinations are given in the same tables in ! ppendix B. 

Presentation/ . . .. 
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Presentation of Results . 

In the following pages, each of the various Ji~an d s 

studied will be considered individually and tbe rcBults 

.presented in graphical form . In most casES the ligands •.rer r: 

studied in conjunction with chromium chloride and chromiu~· 

sulphate, and f0r 02se of comparison, graphs r e levant to botb 

salts arc given on the same page ouuosite to the corros~ond in~ 

text. 

The ligands studird fall into two s 8ries, on t baGed 

on substituted acetic acids, and the other on substituted 

propionic acids . A full list of the complexing agents, along 

with thrir pK .d values i s given in Table t . l . ac1 

Table 4.1. 

Dissociation Constants of the Carboxyl Groups of the 

Ligands. 

Ligand. 

Acetic acid. 
Amino acetic acid (glycine) 
Hydroxy acetic acid (glycollic) 
Chloro acetic acid 
Bromo acetic acid 

Propionic acid 
«-amino propionic acid (alanine) 
fi - amino propionic acid ( ~ alanine) 
~-hydroxy propionic acid (lactic) 
~ - bromo propionic acid 
(J -bromo pr opionic acid 

pK . d ac1 . 

4.7 
2 . 3 
3. 8 
2.9 
2. 9 

4 . 9 
2. 4 
3 . 6 
3 .9 
3 . 0 
4. 0 

The nett quant i ty of base in the solution is 

plotted as the abscissa of the curve, es moles of R]kali 

per/ .•... 
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per mole of chromium. The zero point represents . the aJdition 

of carboxylic acid as a salt, whether internal as in tho 

case of the amino acids, or as the potassium salt for the 

other materials . When addition of the potassium salt caused 

precipitation, either free acid was added to the chromium 

solution or a partially neutralised acid . Points on the 

ext r eme l eft of the graphs will therefore indicate the amount 

of neutralisation of the organic acid as originally added, and 

the other figures the increments of alkali required to . 

theoretically neutra l ise the added organic ac id. 

In all the graphs, t he sa~e legends have been 

used to enable them to be read more easily. Thus: 

1. The pH values of the solutions are plotted in r ed . 

2. The t max values of the two absorption maxima of thP 

solutions are plotted in purple, tho values correspond-

ing to the blue (420 m~ region) and yellow (580 m~ 

reg ion) peaks be ing marked 11 B11 and 11 Y11 r espect ivoly. 

The scales for these potentiometric and spectre -

photometric properties are drawn on the left of the figures . 

The scales for the tanning ~roperties of the 

solutions are drawn on the righ t of the figures: 

3. The chromium fixation from the solutions by collagen 

is plotted in green, in mg . atoms of chromium per gram 

of leather. 

4. The hydrothermal stability of the leather produced 

is plotted in blue, as the increase in shrinkage 

temperature (in degrees Centigrade ) ( ~ Ts °C) of t l: e 

leather compared with raw skin. 

/ 
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No ligand . 

Solutions of chromium chloride and chromium 

sulphate wer e prepared by two of the methods ~ascribed~ 

i . addition of increments of alkali to aliquots of the 

chromiu~ solutions, which were then a ll owed t o reqct 

for 24 hours at room temnerature; 

i i . boiling the solutions unrer reflux for 20 hours, ad din~ 

increments of alka l i to aliquots of the solutions, and 

heating these for a fur ther 20 hours . 

The properties of these solutions Rre given graphical ly in 

Figs . 4 . 1 and 4 . 2. 

~he differences b etween the pP values of the 

so l utions of chromium ch l or i de and chrome a lum at the saMe 

basicity, which were discussed i n the previous section, 

(page 61), are not so anparent in the present solutions, an~ 

this is probably due to the absence of neutral sulph2t es 

which are present in chrome alum solutions . 

The solutions which were heated had iower pH 

values than unheated solutions to v7hich siMilar amounts of 

alkali had been added . Addition of alkali to a so l ution of 

a chromium . salt brings about a rapid increRse in the pH of 

the solution, 1,.1hich tends t o fall with the passage of ti~ e . 

This is due to the comparatively slow reaction: 

Even in the a bsence of alka l i the ~i of a solution of a 

chromium salt is low due to hyrl.rol;'~is u it~ thf' formation 

of/ . ... .. . 
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of a basic chromium complex (l) by the reaction~ 

Cr .OH.S04 + 

Thus the action of added alkali is to neutralise this free 

acid, altering the original equilibrium and causing further 

hydrolysis. This reaction is slow at room tem~erature, but 

is speeded up if the solution is heated to boiling point, 

when equilibrium is generally approached after 30 minutes. 

This accounts for the l ower pH of the solutions 

which were heated, and the lower pH values of the solutions 

in the cold preparation series containing no additional 

alkali, in which hydrolysis h~d nroceened to equilibrium b~r 

ageing. 

In both the heated and unheated solutions, the 

sulphate ~s precipitated after addition of l8ss alkali than 

the chloride, due to chelation of sulphate causing formRtion 

of an incompletely basic precipitate . This has long been 

known and is allowed for in the official method for the 

determination of basicity of chrom~ liquors (87 ) . 

Although prepared by a different techniqun, these 

solutions exhibit similar proper.ties to those reporteo in 

~hapter ~II. For instance, the i max value in the 420 m)' 

region is greater than that in the 580 m~ region of the 

spectrum, and increases at a greater rate as the amount of 

alkali added to the solut ion is increase~. ThiR might be 

expected if the { max value of the blue peak is influencen 

to a greater extent by olation than is the yellow peak. 

The/ . . .. 



-75-

The chromium fixation b~ collagen from the 

unmasked solutions rises rapidly as the 8dditions of alkali 

are increased . There is a corresponding rise in the shrinva~c 

t emperature ( A Ts°C), but it is observed that this quantity 

reaches a maximum of appr oximately 50°C in the vicinity of 

l - li moles of add ed alkali per gram atom of chromium, after 

which, though the ficure for chromium fixation continuer to 

inc r ease, the hydrother~al stability ceases to rise 7 or in 

some cases falls . This is probably nue to nrec ip i tat i ~n 

of chromium hydr oxide in tho skin leading to a higher chromium 

con t ent but no increase in cross linking, as r ef lecte0 in 

the shrinkage temperature increase . 
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Ac etate. 

Threo moles of acetic acid wer" adrted ~er gram 

atom of chromium and the solutions boiled under refluY for 

20 hours . Increments of alkali were then Bdr'led to aliquots 

of these solutions, which were heated for a further 20 hours. 

The properties of the solutions are plotted in ~ig . 4.3 . 

The pH values of the comploxes a re consic ~Yably 

higher than the values for unmasked chromium solutions 

containing the same amount of adde~ alkali, due to hy~rolvsis 

of the potassium acetate causing liberation of strong b?S8 . 

The complexes remained soluble at pH values higher than in 

the case of the unmasked solutions, indicating stabilisation 

by coordination of the ligand . ~h e precipitation of the 

solutions, after smaller additions of alkali than with thr 

unmasted solution~ is due to hydrolysis of po tassium acetate 

increasing the hycroxyl ion concentration for a g i ven 

increment of alkali, at a corresponding point at the rirht of 

the origin . 

Coordination is inriicate:l b r t he increBseo f maY 

values compared with the unmasked solutions, the value for 

the yel low peak being the higher in the more acid solutions. 

2h romium fixation by collogen is much l eAR t han 

in the case of the unmasked solutions, a~~ r P.Rcres a mexi~um 

after the addition of approximately l mole of a lkali p0r gram 

atom of chromium less than th r- amount equivalent to thP acPtic 

acid added . Abovo this po int the ionisation of thG acotic 

ac j_d/ .. . . .. . 



-77-

acid ev idently increases the stabi lit ~ with which it is 

coordinated to the chromium complex , and consequent l y r G0ucc s 

the penetrati on by carboxyl groups from tho collagcn, with the 

r esult that both the chromium fixation and the hydrothermal 

stability of the l eathe r fall . 

Both the chromium fixation and the hy~ro~hcrmal 

stability of the skin tanned with the solutions prepared from 

chromium sulphate are higher than tho~e of the s~in tanned 

with the masked chromium chloride solutions. 
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Amino- acetate. (Glycine) . 

Complexes were pr epar ed from chromium chloride 

and sulphate by adding thre e moles of glycine per gra~ ato~ 

of chr omium an0 boiling un0er reflux for 20 hours , after 

which incr rments of alka li werR addod to aliquots of thc~r 

solutions, which wer e heated for a furtbrr nsriod of 20 hon""' :.' . 

The properties of these compleYes ar~ plotted in Fig. 4 . 1. 

The posit i on of the curves rolative to th r. horizontal sc ~, lr. 

allows for the fact that the 8mino 8Ci1 is an i nternal sAlt 

duo to its basic amino groups . 

The pH values of thr. solut i ons Pre h i rto r than 

the corresponding va l ues for tbr unmRs~ed solutions dus to 

thG effec t of the basic groups of t ~1c amino acid . 

The Z. may va l ues ar r- higher th<m the correspond­

ing values for the unmas~ed solutionn . ~he value for t ~e 

Y8l lo~' peak has increas ed to a grG at rr extont than that of 

tho blue peak, indicatin~ an i ncreas ed anount of coordin3t ion 

compared with the um•askcd solutions . 

Chromi um fixation by collagrn from th~ comu l Gxe s, 

and ~ Ts°C ere much lo~.-Te r than with tho unmaskc~ solutions, 

but higher than with the acetate conplexos co~taining the 

same amount of added al~ali . 
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Nodifications to tho Preparation of Gly_cine-containing 
C'omp lexes . 

Complexes were prepared from chromium chlori1~ 

solutions containinr three mol0s of glycine per gram ato~ 

of chromium by tho following methods~ 

i. heating the chromium chlorid e with tho ligand fer 

l hour, adding increments of alk8li to aliquot~ ~f 

this solution, and heatine these for a furtr.rr r8r ion 

of l hour; 

ii . by al l owing the ligand and chromiu~ chloride to 

reac t at room temperature for 24 hour~, ad1ing 

increments of alkali to aliquots of this solution, 

and allow i ng these to react at room townoraturo for 

24 hours . 

These experiments were done in ordrr to co~pare the modifica-

tions with Gr&Rn and Ang's oriEi nal ~rtho~ . Tho nroperties 
I • 

of thes e complcYcs are plotted in njgs . 4 . 5 and j .6 . 

Comparison of tho curve s represrnting the pH valurs 

and the f max values of the blue and yellow peaks of tho 

complexes prepared by the l hour periods of heating, with 

those prepared by the 20 hour periods of heat ing, shows the~ 

the two sets of results arr vPry siMilar , and indicat es that 

thr -reduced reaction -rc-riod still allo~-'s equilibrium condit -

ions to be very c l osely approached . 

Fig . 4 . 5 however, sho'·'S that thE': p roperties of 

complexes pr epared ''ithout heating are soMewhat different 

from/ . . . .. 
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from those preparrd by heating, duo either to the reduc ed 

speed of tho reaction at thE lowor tcmporPturo not allowin ~ 

c~uil ibrium to be r cachod , or possibly 1ut to s lightly 

different equilibrium properties at roon tfmry~rBture. I t 

is found that th r pF valurs of thr' unhentl.c1. solutions ·.-•c: r c 

highe r, whil s th e f max VF.llues wore general ly lower, 

particularly at tho l ower additions of al~ali . Both th~s e 

effects indicat e l oss coordinati on and elation. 
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Hydroxy-acetate. (Glycollate) . 

The complexes were prepared from chromium chloride 

and sulpha te by adding 3 moles of glycollic acid and ~oiling 

the solutions under reflux for 20 hours , adding sufficient 

alkali during the initial portion of this period to form 

potassium g lycollat e . Increments of alkali were then added 

to aliquots of these solutions which were heated for a 

further period of 20 hours. The pronerties of the complexes 

are plotted in Fig. 4 .7. 

I nspection of the curves shows that there are 

marked differences be twee n t he co~plexes nreDared from 

chromium c hloride and chromium sulphate. Th e pH values of 

the chloride solutions rise considerabl y more rapidly with 

additi on of alkali than those of the sulphate solutions, 

and the chloride solutions wer~ found fo gelatinise after 

the addition of l~ moles of ad~itional al1·ali. rhe sulphate 

so l utions remained c l ear until three equivalents of al~ali 

per gram atom of chromium had been added . 

The high solubility of the sulphate soluti ons 

shows that a very stable complex has been for~ed by the 

glycollate 7 probably indicating che late ring formation 

involving both the carboxyl and hydroxyl croups , in the 

presence of two or more equivalents of alka li pe r gram atom 

of chromium . Gel formation i n the case of the r eact ion 

between chromi um chloride and glycollate in the presence 

of small amount s of added alkali is a point which r equires 

furthnr/ ..... . 
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further investigation , but may indicate the forma t ion of 

polynuclear complexes. 

The ex tremely high t max values of the sulphate 

complexes are further evidence for the ir high stability . 

The high values of the chromium fixation and hyrlrothermal 

stability of the skin tanned by the sulphate solutions are 

unusua l in view of the high ~ max values , but may be due to 

relatively easy penetration of collagen carboxyl into the 

complex and formation of cross l i nks by polynuclear co~plexes 

in a manner s i milar to that proposed by Holland (75, 77 ) for 

the action of long- chain dicarboxylic acids in the tanning 

properties of chrome liquors. After the addition of 2 moles 

of alkali per gram atom of chromium h0wever , the chromium 

fixation and hydrothermal stability fall abruptly, probably 

due to formation of a v ery stable complex where penetration 

of the collagen carboxyl is large l y prevented. 
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Chloro-acetate. 

This ligand was found to decompose on heating , and 

the complexe s were therefore pre~ared by reactions at roor 

temperature. Complexes were prepared from chromiu~ chloride 

and sulphate by adding three moles of chloro-ac etic acid per 

gram atom of chromiu~, and allowing it to r eact at room 

temperature for 24 hours. Increments of alkali were then 

added to aliquots of this solution and allowed to stand for a 

further period of 24 hours. The properties of the resulting 

complexes are plotted in Fig . 4. 8 . 

The variation of the pH with tho amount of al lrali 

added is simi l ar for the solution s prepar ed from chromium 

chloride and sulphate. 

The ( max value s indicate that the extent of 

coordination is fairly small, the low values of imax 

in the 420 m/' region indicating that in addition the c'l r:rr c~; 

of elation is low in the fairly acid solutions . 

The curves showing the chromium fixation by 

collagen and the hydrothermal stability of tb e leather also 

indicat e a comp?ratively low level of coordination . The 

fall of ~ Ts in the l eathers formed at the higher pH levols 

may be an ind ication of the precipitation of highly basic 

chromium salts in the skin. 

In the cas e of the solutions proparcd from 

chromium sulphate, the absence of hydrolys is of the lig~nd 

under/ ... .. 
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under the condit i ons of the preparat i on was verified by 

treating portions of the complexes with nitric acid an~ 

silvor nitrate, when thG absenco of a precipitate indicatGd 

that no hydrolysis had taYcn place. 
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_Bromo-acetate. 

The complcxos wero propared without hratinf for 

the same reason as in the case of chloro- ac r. tat e . The 

complexe s wore prepared from chromium chloride and sulphat e 

by adding three moles of bromo-acetic acid per gram atom of 

chr omium and allov;i ng the: reaction to proc eed at room 

temperature for 24 hours. Incr8mPnts of alkali were then 

added t o ali~uots of this solution, which wore allowed to 

react for a further 24 hours at room temperature. The 

properties of the complexes are -r:lo t ted in Fig . . .1 . 9 . 

Comparison of these r r sults witn thoso obtainon 

from the chloro-acetate complexes sho" that t ho two li,:ands 

behave in a very similar mann or, which ~ight be expccte~ f ro~. 

the similar nature of their substituent groupn ann t ho ir 

almost ind cntical pK .d valuos . ac1 

One point of difference between tho ch l oro - ac otic 

and bromo-ac etic complexes is tho lowe r precipitation point 

of tho latt er, which may be duo to st eric effects , or tho 

mor e hydrophobic nature of tho bromine atom . 

As in the case of the chloro -ac etatG co~ploxes, 

absence of hydro l ysis was verifi ed by t r eatment with nitric 

acid and silver nit r ate . 
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Propionate. 

Tho comploxes were prepared from chromium chloride 

and sulphato by adding three mol os of propionic acid anf 

boiling under r&flux for 20 hours. Incromonts of alkali 

werE then added to aliquots of this solution, and heat~ ~ 

for a furth er po~iod of 20 hours . The propertios of thb 

complexes ar c plotted in Fig. 4 .10 . 

Precipitation of .the solutions took place before 

sufficient a lka li had been added to completely neutralis e 

the propionic acid . This is probably accounted for by two 

factors: the weak naturo of propionic acid (pK = 4.9) 

causing hydrolysis of tho potassium salt with liberat ion of 

strong base; and the presence of thG comparatively large 

hydrocarbon chain which is likely to limit the. solubili ty 

of tho complexes. 

ThG [ max values of the compl ex es ind icate that 

coordination of the ligand is comparativ8ly stab l e , 2nd 

the poor tanning action of tho solutions, as shown by th ~ 

low chromium fixation and hy~rothormal stability of tho 

l eather, furnish addit ional evidence of this. 
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~ Amino-propi onate . (Alanine ). 

Tho complexes wer e prepared from chromium chlorid e 

and sulphate by adding thro e moles of alanine per gram atom 

of chromium and boiling the solutions under r eflux for 20 

hours. I ncr ements of a l kali wor e then addod to aliquots 

of these , and hGatod for a furthe r per i od of 20 hours . The 

properties of the complexes are plotted in F ig. 4.11, t he 

position of tho curves relative to t he horizontal scale 

allowing f or tho fact that th~ amino a6id is an interna l s a lt. 

The high t max values of the compl exes appear to 

be evidence of a high degree of coordination of tho ligand, 

but the comp·aratively high chromium fi xa tion from tho 

solutions by collagen, and the hydrothermal stability of 

the l eather formed , indicat e that pr netration of the compl nx 

by c ollagen carboxyl groups ca n st i ll take plac e to an 

apprec i able extent. 
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b Amino-propionate . t . ( A Alanine) . 
I 

The method of preparation of these complexes was 

the same as that used in the case of ~ alanine . The 

properties of the complexes are ~lott ed in Fig . 4 .12 . 

Comparison of the curves of the a l anine and 

~ a lanine complexes shows that t her e are marked diff er ences 

be tween their properties. The poss ibl e causes of t hese will 

be discuss ed lat er. 

Tho pH values of the complexes are fa irly high, 

due to the high pK1 value (3.6) of ;8 alanine . 

The curves r epresentinr f max are similar for the 

ch l oride and sulphate solutions , but it is obs erved tha t the 

f max . value of the blue peak goes t hr o,1gh a minimum af tc: r 

the addition of about li moles of alkali per gram atom of 

chr omium, while tho ye llow peak g oes through a maximum a t 

about this point . 

The chromium fixation from the solutions is se en 

to be a l mo s t constant in thG case of the chl oride solutions, 

while in the case of the sulphate solutions, the fixation 

ri ses st eadily as th€ amount of alkali added to the s olution 

increases. In both cases however, the shrinl:age t cmpo ra tur ~:: 

of the leather reache s a maximum valur- ·after the addition 

of about l mole of alkali per gram a ton of chromium and fa~l s 

in the solutions containing a larfP: r amount of alkali. Th i s 

suggests that the increased fixation in t he case of the sul -

phato solutions is duo to th e precipita tion of a bas i c s a l t 

of chromi um in tho skin . · 
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o<. Hydroxy-propionate. (l:actato) . 

The complexes wore P,ropared from chromium chloride 

and sulphate by adding three molGs of lactic acid and boilin~ 

under reflux for 20 hours. During the initial part of thiP 

period, two equival ents of alkali por gram atom of chromium 

were addGd slowly. To aliquots of the solutions, incr RmGnts 

of alka li wore added, and hoated for a furth~r prrio~ of 20 

hours . The properties of tre complexes are plotted in 

Fig . 3.13 . 

ThG high f_ max values of tht. compl~xes indicetc 

t ha t coordination of thr ligand by chromi um is very ~table an~ 

possibly includes che l ate rinG formation invnlving the 

carboxyl and hydroxyl groups . 

Tho low chromium fixation from the solutions is 

further evidence of tho difficulty of displacing the liE,and 

from the complex, though tho hy~rothormal stability confrrrGd 

on the le ath~r is quitG appreciablE, and may be due to 

formation of cross links consistin~ of po lvnucl oar compl~Ycs 

as was sugsostcd for tho complbxes of glycollic acid . Poth 

tho chromium fixation and the hydrothermal stability rise to 

a maximum value in tho case of the chromium chloride 

solutions after the addition of about l~ equivalents of 

alkali par gram atom of chromium, after which the values fall, 

indicating that penetration of the complEx by the collagen 

carboxyl groups becomes increasingly difficult. In thG 

case/ ... .. 
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case of the chromium sulphate solution8 this was not observed 

duG to precipitation of tho complexes containing two or more 

equivalents of alka l i per gram atom of chromium bot•:o~n 

m~asurcmont of the absorption spectra anc usc of the 

s olutions in tho tanning oxprrimcnts . 
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~ Bromo-pr opionate . 

These complexes wer e pre pared from chromium 

chlor id e and sulphate by aduing three moles of ~ bromo-

propionic acid per gram atom of chromium and boiling the 

so lutions unde r reflux for 20 hours , during the initial 

portion of which three moles of alkali were a0ned slowly . 

Furthe r i ncr ements of a l~a li we r e added to aliquots, which 

we r e heated for a further period of 20 hours. These 

comp lexes were prepared before it was r eal i sed that 

de comp ositi on of the ligand woulc occur unde r these 

preparative condit i ons , an~ it is u~fortunate that t i ne 

did not al low repetition of the experiments. The pro-

perties of the cnmplexes formed are plotted in Fig . 4 . 14 . 

Hydrolysis of the ligand accounts for the l ow 

pH values of the solut ions after the add i tion of compara-

tively large amounts of a lkalj to the so l uti on, and it is 

probable that the following reaction occurred. 

CH3 - CH - COOH 
I 
Br 

) 
CH3 - CH - COOH 

OH 

+ HBr 

Formation of a hydroxy acid would account f or 

the high £ max values of these complexes, and in fact the 

form of the curves suggests that there i s partia l de­

composition of the ligand with the format i on of lactic 

acid . 
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d Bromo- propionate. 
I 

These complexes were prepared by the same 

method as those of t bromo- propionic acid, and it is 

like l y that the ligand decomposed in a similar manner, 

though it is possible that a variety of products might 

be formed in view of the s omewhat unstab l e nature of 

~hydroxy-propi onic acid . 

The properties of the solutions, pJot ted in 

Fig. 4 .15, suggest the pres ence of a hydroxy acid in the 

solution. 
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DI,SCUSSION. 

l. Critical Review of the Method of Preparation . 

The method of preparation of the complexes 

discussed in this chapter was adapted from that published 

by Green and Ang (l6 ) for preparation of complexes of alanine 

with chromium chloride. The experimental de tails of the 

method are g iven in Chapter II on page 28, where they are 

designated "Method 2." 

In the present work, t he method has proved 

suitable without alteration for the preparation of complexes 

with amino acids as ligands, as these substances are in ternal 

salts, and their carboxyl groups are normally almost entirely 

in the dissociated form in which th ey penetrate the complex . 

In order that the complexes of other ligands containin~ no 

basic groups should be comparable with t hose of the amino 

ac i ds, these ligands were first added in the form of t heir 

potassium salts . Unfortunately , the hydrolysis of these 

salts of weak acids, with formation of free strong base , 

brought ·about precipitation of the chromium. In certain 

cases this could be overcome by forming the sa lt after 

addition of the fr ee acid to the chromium solution, by 

addition of an equivalent quantity of p otassium hydroxide 

so l ution. Some complexes stil l precipitated un0e r this 

treatment, and these li~anns were either not neutralised , 

or only partially neutralised . 

Whether/ .. . .. . 
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Whether the use of a weaker base such as ammonia 

to adjust the pH would have brought about less drastic 

changes in bas.i city has not been investigated, but it would 

be worthy of trial in future work, especially in view of 

the fact that addition of amino acids , even in the solid 

form 7 in no cases caused any precipitation of the chromium . 

Another disadvantage of the method proved to be 

the rather drastic conditions which were used to promote 

coordination - namely boiling the chromium solution with 

the organic ligand under reflux for 20 hours, followed by 

a further period of 20 hours heating at boiling point after 

the addition of the further increments of alkali . The work 

on glycine appears to indicate that ~eriods of heating as 

long as th ese are unnecessary for the establishmen t of 

equilibrium in these solutions, since the solutions prepared 

by reducing the periods of heating from 20 hours to l hour 

produced complexes with almost identical properties. The 

use of even milder reaction conditions 7 for example, allowing 

the reaction to proceed for 24 hours at room tem~erature 

( 21 - 25°C) , caused the react i ons to proceed to about 90 ~ 

completion (see Chapter I I , page 30) . 
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2. Discussion of Results . 

a . Limitations of the Experimental llethod. 

Before the propertiP.S of complexes of the dif f erertt 

ligands are compared, it should be stressed that this series 

of experiments is somewhat incomplete, although a cons ider­

able amount of work has been reported. Jack of sufficient 

time prevented a more thorough investigation into the method 

of preparation of t he complexes, with the result that onti~um 

condit i ons are unlikely to have been used for the reaction~ 

between carboxylic acids and chromium solutions . Further­

more, inspection of the list of the ligands studied(Table 4. 1 ', 

reveals that the series of substituted propionic acids is 

not complete, since only one of the hydroxy acids was us~o , 

and the treatment of the solutions containing halogen acids 

resulted in their decomposition . In order that more r e liab l e 

conclusions might be drawn from this work, it would also be 

desirable to take all the solutions to their precipitation 

points, and to complete the s eriPs of lipands. It would, 

in addition, be worthwhile to extend the work to further 

series of ligands, for example, substituted butyric, 

valerie and caproic acids . 

In spite of these limitations of the present 

work, a comparison of the complexes of the different liganus, 

largely of a qualitative and descriptive nature,· has been 

made, and tentative conclusions drawn as to the nature of 

the reactions of the ligands with chromium . 

b. Comparison/ .. . 
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b . Comparison of the Complexes c ontainin[ Lig3Dds of 
Simi l ar Typ e . 

i. Unsubstituted Carboxylic Acids . 

Compar ison of Figs. 4. 3 and 4. 10 shows t hat the 

properties of the acetate and proP,ionate complexes after ad d i -

tion of equa l amounts of alkali to the solutions are VAry 

similar . The differences are due to the slightly l oneer 

hydroc a rbon chain of propionic acid, which causes the pF v Alue 

to be slightly higher th~ n that of acetic acid . Comparison of 

the t max values indicate s th8t this caus es slightly more 

stable coordination of the propionato ion. The slightly more 

hydrophobic nature of this l onger ~ydrocarbon chain is thf 

probabl e reason for the propionate complexes precipitati ol ·' 

after the addition of less alkali than in the case of the 

acetate complexes. 

The chromium fixation and hydrothermal stability of 

the ski n tanned with these compl exes initially rises as the 

amount of alkali added to the solutions is incre3sed, but, in 

t he case of the acetate complexes, both reach a limiting va l ue 

and then fall as more alkali is added . From the shape of the 

curves it seems likely that the propionate complexes would 

have behaved in a similar manner had they remained soluble . 

This is an indication that stable complexes of little tanni~~ 

action have been formed, most likely having a st r ucture 

similar to the followin[: 

OH 
'I/ "-..\/ 

Cr Cr 
/ I "- oH / I,. 

0 0 
'e / c 

I 

R ii . 6mi no/ .. . 
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ii . Amino Ac i ds . 

Tho properti es of the complexes prepared from 

amino acids are plotted in Fies . 4 . 4 , 4 . 11 and 4 . 12 . 

Compar i son of the curves in Figs . 4 . ~ and 4 . 11 , rclatinc 

to elycino and ~ alanine, shows that the variation of 

the properties of t ho compl exos of the o\ amin o acios l:•i th 

t he amount of alkali added to the solutions aro similar for 

the two ligands, an~ i nd i cates that the ir react i ons are 

also s i mi l ar . Fig . 4. 12 shows howevPr, that p alanine 

behaves in a somewhat different manner , t his being particu­

l arly notic eable in thr maximum r eached by t he £ max value s 

of the yollow peak afte r the addition of l~ - 2 moles of 

alkali pe r gram atom of chromium; furt he r 2ddi tion of 

alkali causes the absorpt ion t o fall . It ap~ears li~ ~ ly 

tha t · the cause of this phenomenon is a change in the electron 

di stribution in the complex, brought about by the more 

alkaline environm~nt . 

iii. Hydroxy Acids. 

The properties of tho complexe s of g l ycollic and 

lactic acids are plotted in F i gs . 4 .7 and 4.13 respectively . 

The very high ~ max values of t hes e so lutions, 

particularly after t he additi on of fairly large amoun t s of 

alkali, indicates the exist ence of very strong coordinat o 

bonds, probably including the formation of five - membered 

cht.late/ ..... 
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chelate rings uf the type: 

" / Cr 

/ " 

H 
I 

0 

H 
I· 
c 

0- c 
II 
0 

R 

These high f max values were not observed with the glycolla te 

complexes prepared from chromium chloride, in which gel 

formation took place after the addition of a relatively 

small quantity of a.l kali. Th i s obviously requires furt l· er 

study as it is indicative of large polynuclear complexes 

having been formed. The stability of the soluble comr l exes 

in this series is indicated by the low chromium fixation 

and hydrothermal stability of the leather produced by 

them . 

The higher chromium fixation and high hydrotherma l 

stability of skin tanned with the comp l exes prepared from 

glycollic acid with chromium sulphate may be due to formati on 

of cross links involving large polynuclear complexes . Th i: 

may be compared with Holland ' s suggestions (75 - 77) 

regard i ng the action of dibasic acids. A similar, thou: h 

somewhat less pronounced effect is observed with the 

complexes of lactic acid. In all cases however 9 chromiu~ 

f i xation and hydrpthermal s tability fall shRrply after the 

addition of larger amounts of alkali, p osG ibly due to a 

transformation/ . . ... . 
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transformation of the type; 

HO 

0 

' I 

R 
I 

- CH 
I 

/ c "­e 

Cr - OH-
/ l 

0 
"--.0/ c 

I 
HO - Ch 

I 
T") 

l 

0 
1/ 
Cr 
t" 
0 

R ·-

0 H H 
II I l 
C - 0 I _, OH I 0 - C 
1 ' cr ' cr "" 1 
C - 0 / I ' OH ./ I ' 0 - C 
r II 
H 11 0 

lead ing to the for mat i on of s table complexes in which 

displacement of the ligand h eld as a f i ve-membered ring by 

the car boxyl groups of collagen would be un likely. Somenhat 

s i mila r s t ruc tur es have been proposed by Ramaswamy and 

Nayudamma (9g) for products of r eactions between chromium 

and hydroxy- carboxyl ic acids under similar conditions of 

concentra t ion and pH . 

Due to the probab) e nature of the decomposition 

products of ~ and ;8 bromo propionic acids, it is 

appropriate to consider the complexes formed af t er addition 

of these ligands in this section . Comparison of Figs . 4 . 11 

and 4 . 14 shows that the pr operties of solutions to which 

lactic and c1... bromo propionic acids were added are similar 

if allowance is made for the formation of approximate l y 

three equivalents of strong acid in the latter case . The 

cur ves re l at i ng to ;8 bromo propionic acid sugg8st that 

the reactions of the decomposit i on ~roducts are different 

in/ • .... 
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in the more highly alkaline solution8, which might be 

expected if the decomposition product is a f hydroxy acid. 

c. Relationships between Different Classes of Ligands . 

There are various criteria by which the stability 

of coordina tion complexes of chromium can be j udged, incluJ in~ 

the resistance to precipitation by alkali , and the propert ie s 

of the solutions under equivalent conditions. The forwf;r 

method will be applied first: 

i. Resistance to Precipitation by Altali . 

A number of limitations to the use of the re sist3n.ce 

of complexes to precipitation, as a messure of stability, 

should be born in mind. ~recipitation need not necessarily 

be caused by complete penetration of hydroxyl groups with 

the formation of chromium hydroxide, but may involve a 

partially basic compound of loF solubility. "~"ur thermore, 

the degree of hydrolysis of the organic salts can cause 

uncertainty as to the amount of free alkali in the solution. 

The ranges over which precipitation occurred Rre 

given in Table 4.2 . The first figure is the value for t he 

last completely clear s olution, whilst the second refers 

to t he so lution containing the first trace of permanent 

precipitate. In the cases where no precipitation occurre~ 

in the range studied, the single f i gure refers to the 

solution containing the largest amount of added alka li. 

v · t· I -~xam1na 1 on . .... 



'rablc 4.2. 

Precipitation RanGeS of Solutions containing 3 moles of Ligand per gram atom of Chromium. 

----------------------~------r---------------------------------------, ·----------------------------------~· 

Lie and pK 'd ac 1 

Moles alkAli per gram ato~ 
Cr in additi on to amt . r eqd . 
to form carboxylic aci~ SBlt . pH 

-----------------.,.----------· --- -----~-- --------- - --- ---·-------i 
chromium phloride chromium sulph8t e chromium chloride chromium sulphate 

--------------------+-------+------------------+-------------------+-------------+------·-----1 
J il (cold pr eparation) 

( hot preparation) 
) 2. 33 

2 . 17 - 2 . 33 
1.66 - 1. 83 
l. 33 - l. 5 

) 4 . 35 
2 . 50 - 2 . 62 

3. 46 - ~ . 56 
2. 66 - 2. 69 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... .... ....... . 

Acetate 
Prop ionate 

> 0 . 67 
-0.67 - - 0 . 33 

() 

- 0.33 
0 . 33 

0 
> 4 . 72 

2 . 05 - 2 . 42 
3 . 48 
3 . 00 

3. 87 
3. 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... .. .... ... .... ....... ......... . 

Chloro acetat e 
Bromo acetate 

2 . 9 
2 . 9 

} l 
- 0 . 67 - - 0 . 33 

) l 
-0 . 3 ~ - 0 

) 3.67 
2 . 66 - 2 . 86 

>3 ~ 51 
2 . 8 1 - 3 . 07 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... .......... . 
Amino acetate 
o{ amino propionate 
~amino propionate 

2 . 3 
2 . 4 
3 . 6 

? . )3 
::? .33 
2 . 67 

2 . 67 
2 . 67 
3 

2 . 67 
3 
2.67 

3 
3 . 33 
3 

4 . 74 
5.06 
5 . 96 

- ? . 13 
- 5 . 52 
- 8 . 52 

5. 00 
5. 58 
5. 25 

5. 53 
6 . 10 
5. 64 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••• ••• •••• • •• • 0 • 

Hyiiroxy acetate 
o<. hydroxy propionate 

3 .8 
3 . 9 

1.33 - 1. 67 
~ 3 

3 - 3 . 33 
>3 

l . B. ~cgative values refer t o solutionR to wh ich l ess alkali has been 
a'dc,, than tho amount requirnd to form tho c'l r box,·l ir Bcid sa lt. 

8 . 60 - 10.80 
) 6 . 86 

7 . 6~ - () . 94 
>6 .16 
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Examination of the table indicates that no simule 

r e l ationsh i p be t ween the precipitation points and the pK .d ac1 

values of the ligands exists . It is therefore more conven -

ient to group the ligands according to their substituent 

groups . 

From the pH values at which thr. first preci~itat e 

forms, it appears that the ligands confer resi8tance to 

penetration of the chromium by hydroxyl in the follm: ing 

order: 

hydroxy acids ) amino acids > unsubstitutecl. acids 

> halogen acids . 

It is seen that this ord8r does not follow decreasing pK ·~ 
aCl •,t 

values of the ligands. In the case of tho hydroxy acids ~ 

this is probably due to formation of stabl e five - membered 

r i ngs in the more alkaline solutions~ whic b ~revent penetra-

tion of hydroxyl groups . In the case of t he amino acids , a 

possible explanation of the bnhanced solubili t y is a solva­

tion effect of the charged amino group ( - NH
3
+) l eft free 

aft er coor d i nat i on ·of the carb o~yl gr oup (see ·Chap . I II). 

Compar ison of the amounts of alk~ li required t o 

precipitate the complexes shows that this t ends to be 

slightly greater for the halogen acids than for th e 

unsubstituted acids . Though it seems unlikely that the 

halogen groups would ~lay a dir ect part in increasing the 

solubility of complexes, t~e higher pK values of the 

unsubstituted acids cause their salts to have a higher 

degre e/ . .. . . 
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degree of hydrolysis in solutions of similar pH value , and 

give rise to a greater concentration of strong base in the 

solution. 

ii. Comparison of the Complexes under Equivalent Conditions. 

There are a number of different ways in which to 

define "equivalent" conditions for the comparison of the 

properties of chromium complexes . All of these criteria 

of equivalence offer advantages from certain points of 

view, but all have disadvantagrs from others . Possible 

points of comparison arc : 

a . After the addition of equivalent amounts of alkali to 

b . 

the solutions . This suffers from the disartvantage that 

the different carboxylic acid salts will have differr:nt 

degrees of hydrolysis , dependint: on the pK values of 

the acids, causing differences in thA hydroxyl ion 

concent r ation of the solution and thus in the basicity 

of the chromium. 

At pH's equal to the pK ' d values of the ligands, lvhers ac 1 

th ~ carboxylic acids are 50 % ionised . In this case, 

the extent of neutralisation of the chromium at the 

different pH values wi ll vary. 

c . At equal pH values . An advantage of this method is 

that any differences between the properties are due 

only to the effects of the ligands . This does not 

give a true comparison of th e difforGnt ligands, 

since/ . . . . • 



Propert i es of C:hromium \.omplo ;~r. s at V.quilibrium pH value of 3.':). 

__ f_m_ax __ ( 4 __ 2_0....--m_.t/--'---_r_r._. f_i_o_n_)-+ ___ f_m_a_x ( 5~~- m )': r ee: i o_~ 

I i ~and 
chr omium 
chloride 

chromium 
sulphate 

---·------- .. ·-----+--·---+---------+------·-- ··" 

Nil (cold preparati on) 
(Hot preparation) 

Acetate 
Propionate 

4 . 7 
4 • 9 

29 . 0 
(30 . 0) 

38 . 0 
(40 . 0) 

(29. 5) 
(28 . 0) 

36 . 2 
(40 . 0 ) 

r.hromium chromium 
chloride sulphate 

- - -- - . .. -- -----
? l. 0 

(23 . 0) 

35 . 6 
(37.0) 

( 22 . 0) 
(?2 . 0) 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• ~ • • • • • • • • • •••• • • •••••• ••• • • • ••••• • 0 • • •• • •••••••• 

Chlor o acetate 
Bromo ace t ate 

Amino ace t a t e 
of.. amino propionate 
t9 amino propionate 

2 . 9 
2. 9 

2 . 3 
2. 4 
3.6 

27 . 4 
(2 ? . 0) 

36 .0 
37 . 0 
31.6 

26 . 0 
( 2 1' . 0) 

3c:; . 8 
37 . 0 
33 . 8 

35 . 6 
(2~ . 0) 

41.2 
1).1.0 
36 • .Ar 

31.?. 
(26 . 0) 

4 1.~ 
1).2 . 6 
35 . 0 

e e e e • e e e • a e e e e e e e e e a Ill e e e e e e e e e e e e • e a e e e e e e e I e e a e e e e e ' e a e e e e e e e e e e e e e e e e e e e e e e e e e e 

Hydroxy acetate 
~hydroxy propionate 

3 . 8 
3 . 9 50 . 0 

18 . 6 
52 . 0 

N. B. Values i n paren thesis ~ere estim8 ted by extrapo~ation. 

52 . 0 
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.. 
since at any arbitary pH value they will be d i ssociated 

to extents depending on their pY values, which wi l l 

influence their tendency for coordinAtion. However, 

this method of comparison is attractive from a practical 

point of view, especially if a pH value applicab l e to 

chrome tanning is chosen, when a useful comparison of 

the masking acti on of the ligands can be made. This i s 

essentially the method of comparison used in rhapter III, 

where a number of interesting results emerged . For 

these reasons, this method of comparison has been adopted 

for the present series . 

A pH value of 3. 5 has been chosen as being of 

jnterest, and the properties of the solutions at this uH 

level are given in Table 4 . 3, for the spectronhotometric 

properties of the solutions, and Table ~.~ for the results 

of the tanning experiments. 

Examination of Table 4.3 reveals that, in gener8l, 

the molar extinction coefficients of the complexes vary in 

the order: hydroxy aci~s ) a~ino aci~s ) unsubstituted 

acids l halogen acids . 

Examination of Table 4.4, giving the tanning 

properties of the various complexes, ~uggests a slightly 

different orrer for the stability of the complexes: 

hydroxy acids, ) unsubstituted acids ) amino acids 

> halogen ac ids. 

With the exception of the hydroxy acids , it is 

seen/ ..... 



Properties of Skin tannen with Chromium 8omplexes at Equilibrium pH value of 3. 5. 

Ligand 

Nil (cold nreparation) 
(hot preparation) .................. .... 

Acetate 
Pr opi onate 

y 
P acin 

4. 7 
·. 4 . 9 

mg~ atoms Cr per 
gram leather . 0 A T.s C. 

- ··--- ·----------~------------~------------------4 

chromium chromium 
chloride sulphate 

l. 06 
( L 07) 

. 18 
(. 30) 

l. 30 
(1.15) 

. 30 
( . 32) 

chromium 
chl oride 

52 
(50) . ......... .. . 
25 

(35) 

chromium 
sulphate 

52 
(52) 

. ................. . 
32 

(35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. . 
Chloro acetate 
Bromo acetate 

2. 9 
2. 9 

. 90 

. 91 
. 95 50 

53 
52 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. ..... ...... . . 
Amino acetate 
~ amino propionate 
~ amino propionate 

2. 3 
2 . 4 
3. 6 

. 37 

. 50 

. 18 

. 47 

. 42 

. 22 

33 
31 
2~ .., 

40 
3R 
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ........... . 

Hydroxy acetate 
-<. hydroxy propiona te 

3 .8 
3. 9 .20 

. 43 

. 27 

- N. B. Values in parenthesis were estimate~ by extrapolation . 

24 
43 
26 
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seen that this is in the order of decreasing pK 'd values. ac1 

The different position of the amino acids when the order i s 

according to the t max values of the complexes may be due 

to electron shifts involving the amino group which increase 

the optical absorption of the chromium ion. The high 

stability tif the hydroxy acid co~pleYeA has alrea~y be en 

discussed and attribute1 to chelate ring formation involving 

both the carboxyl and hydroxyl groups . 

d . General reductions. 

When chelate ring formation does not take ulace, 

pK 1 is an important factor in coordination, and much evidenc e 

is available (l4 , 17 , 33, lOO) to ind icate that for a 

series of similar ligands, for example, amino acids, t he 

amount of complex formation is, to a first approximation, 

a linear function of the pY value (c . f . Chapte r III ) . 

However , although direct relationships may be expec te0 for 

a series of, for instance, carboxylic or bromo - carboxylic 

acids, it is unlikely to be identical to the one found for 

amino acids. Unfortun8tely, insufficient results are 

available from the present work to confirm this hypothesis, 

although the trend is apparent. It i~ interesting to note 

that Datta et al ( 27 ) have come to somewhat similar 

conclusions from their studies of complex formation betwe en 

divalent metals and glycyl, leucyl and sarc osyl compounds . 
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APPENDIX A. 

Fies. A.l - A.19 are the absorption Rpectra 

of complexes prepared from Chromium Chloride solutions 

by adding amino acids, in quantitir.R of 0.5, 1, 2, 3, 

4 and 6 moles per rra~ atom of c~rom1um Rnd 8~ju~tinr 

to equilibrit:m pH Vf.lluns of 2.50, 3.16 r-.~nd 3.82 by 

nn d it io·n ·of KOII ~· o luti on. The fin~ 1 c oncr.ntr~ t ion of 

chromium was 0.333 g~ atom per litre. Tho nolutions 

\•Jere diluted 25 times irn!!lodi2tcly l)eforo tn~~i~[" t~e 

~~ectrophotornetric roodingsp Mol8r Extinction Coefficients 

(c) plottec Vlr.re calculatcr1 from Becr-Dourucr rc:l:.Jtio!l­

ship (paee 31.). The ·curves arc plottcil ov~?r t~e 'V18Ve­

lenfth rAnf.e 360 m~ to 620 m~o 

Tho. following colour code iA u~ed: 

d.enotf!R solutions at e(1uilibrturn pii 2.50 

~ o o pH 3.16 

-~-=-·~ . pll 3. 8? 
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Fig. A. 2 . .333 molar Chromium Chloride with t mole Glycine 
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Fig. A.~. .~3~ molar Chromium Chlorid~ with 1 mole Glycine 
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Fi g . A.4 . .333 molar Chromi~m Chloride with 2 moles Glycine 
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Fig. A.5. .333 molar Chromium Chloride with 3 moles G~cine 
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Fig. A.6 . .333 molar Chromium Chloride w:ith .. 4 .molee Glycine 
per gram atom Chromium. 
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Fig . A.7 . .333 molar Chromium Cblori4e with 6 moles Glyoine 
per frTSJn atom Chromiutl. 
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Fig. A.a. .33} molar Chromium Chloride with 
if mole ·o(..-amino-n-Butyrie Acid per gram atom Chromium. 
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Fig. A.9. .333 molar Chromium Chloride with 

1 mole ci( -amino-n-Butyric Acid per gram a. tom ChromiU!Il. 
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Fig. A.lO. • }33 molar Chromium Chloride with 
2 molaa o<...-amino-n-~utyric Acid per gram atom Chromium. 
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3 moles r;i.. -amino ... n-Butyrio Acid per gram a tom Chromium. 
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Fig. A.l3o . 333 mc:lar Chromium Chloride with 

1 mole/?> -amino-n-Butyric Acid per gram atom Chromium4 
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Figa A.14. o333 molar Chromium Chloride with 
2 moles ~ -a.mino-n-Bu·l;;>-~io Acid per gram atom Chromiumo 
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1 mole y - amino-n-Butyric Acid per gram atom Chromium. 
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2 moles ~-amino-n-But,yrio Acid per gram atom Chromium. 
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APPENDIX B. 

Tables B. l - B.l5 give the vroperties of 

complexes prepared from chromium chloride and chromium 

sulphate by adding known quantities of alkali to so l utions 

c ontaining 3 moles of ligand per gram atom of chromium. 

The fina l concentrat i on of chromium was 0 .333 gram atom 

per litre. 

The following propert i es are tabulated: 

Column l. Equivalents of KOH added per gram atom of 
chromium . Zero represents the equivalent 
of the carboxylic acid salt~ negative 
quantities, a mixture of carboxylic acid 
and carboxylic acid salti positive 
quantit i es, salt plus added al~al i . 

2 . The pH values of the ~olutions. 

3, 4. The wavelength of maximum absorption ( ~ max) , 
in m /*' , and the maximum molar eYtinct i on 
c o e f f i c i en t ( £. rna x ) at th e: blue peak 
( 420 m;c- region) . 

5,6. The corresponding pro~ertie s of the complexes 
at the yellow peak (580 m~ region) . 

7,8 . Properties of skin tanned with the complexes: 
chromi um fixa ti on (m . moles of chromium per 
gram of leather); and in~r ease in shrinkage 
temperature ( L> Ts°C) . 



1'ab l P. 1? . ) . 

No Ligand . 

24 hours cold r eaction . 

moles KOH pH Blue Peak 
per gram 
at om· C r . )\ max [ max 

Yello"' :Peak m.moles ATs°C 
Cr per gm 

~max [ max leather 
m)' mr 

Chromium Chloride . 

0 2.12 417 18.1 586 14 . 2 . 25 24 
.17 3 . 14 415 18.1 583 14.5 . 55 38 
. 33 3.23 417 19 . 1 580 15. £1 6 ,, . - 38 
. 5 3 . 16 416 20.3 579 16 . 1 . 7£1. 50 
. 67 3 . 13 418 21.6 580 16 . 9 .79 55 
. 83 3.21 420 23.2 578 18 . 0 .77 55 

l 3 . 21 422 23.9 580 18 . 5 . 91 52 
1.17 3 . 15 423 25 .3 580 19 .1 . 92 53 
l. 33 3 . 18 420 26. 5 584 20 . 0 l. OO 54 
1.5 3.27 424 27.5 587 20.5 1. 04 t:;?: 

·' .l 

1.67 3.36 424 2R . 8 587 21.3 l. 06 52 
1. 83 3 . 75 425 29 . 0 585 21.5 1.10 52 
2 3 . 61 423 29 . 3 585 2? . 6 1.19 51 
2 .16 4.03 425 30 . 4 585 24.0 l. 42 51 
2.33 4.;5 420 38 .0 584 2R.7 l. 42 51 

Chromium Su1~ha te. 

0 l. 38 410 18 . 1 581 16 . 9 . 14 12 
. 17 2 . 34 415 18. 5 582 16 . 8 . 27 20 
.33 2.57 413 18.7 583 16 . 9 . 42 30 
. 5 2.99 413 19 .0 580 16.9 . 6 3 36 
. 67 3.32 414 19 . 8 580 17 . 5 .78 48 
. 83 2 . 98 420 20 . 8 582 18 . 2 . 86 50 

1 3.21 418 22 .1 584 18 . 7 . 93 52 
1.17 3 .30 422 24 . 1 585 19 . 6 1 . 04 50 
l. 33 3 . 38 425 25 . 1 580 20 . 6 l. 06 51 
1 . 5 3.54 422 26 .8 584 20 . 6 1 . 16 56 
1.67 3 . 46 423 28 . 6 5f<5 21.2 1. ~3 ~l 
1.83 3 . 56 l. 31 52 
2 3 . 70 l. 42 52 
2.17 3 . 78 1.44 50 
2 . 33 3 . 94 l. 43 52 



Tabl e B. 2 . 

No Ligand . 

20 hours heating . 

-noles KOH pH 
per gram 

Blue Peak Ye l low Peak 

atom Cr . )\ max { max ~max E max 
IDp ID.f' 

Chromium Chloride . 

0 l. 22 418 18 . 2 587 14 . 3 
. 17 l. 40 420 19 . 7 584 15.3 
.33 l. 52 422 20.9 587 15 . 6 
. 5 1.62 419 21.7 585 16 . 3 
. 67 1.86 424 23 . 8 585 l? . t; 
. 83 1.97 423 25 . 0 581 1R . 5 

1 2 . 34 424 25 . 9 586 18 . 7 
1. 17 2 . 51 427 26.4 584 l R.7 
l. 33 2 . 61 425 27 . 6 584 19 . 6 
1.5 2.69 425 27.3 588 20.4 
1.67 2 . 70 4.28 27 . 4 586 20 . 5 
1.83 2 . 74 427 28.7 587 21.6 
2 2.46 425 27. 1 585 20.8 
2 . 17 2 . 50 425 29 . 8 584 22.9 
2 . 33 2.62 precipitated. 
2.5 2 . 96 

Chromium Sulpha t e . 

0 1.04 421 20.1 590 20.5 
. 17 . 96 423 20.6 590 21.1 
. 33 1.10 424 20 . 8 590 21.1 
. 5 l. 30 4?5 20.5 590 21.0 
. 67 l. 55 423 21.2 590 21.3 
.83 l. 75 ~ 24 ?1.4 590 21.7 

l 2 . 16 424 22 . 0 592 21.6 
1. 17 2.49 426 23 . 7 591 21. 3 
l. 33 2 . 66 427 26. l 586 21.6 
1.5 2 . 69 small precipitate . 
1.67 2 . 62 
1.83 2 . 60 

0 m. m o 1 e s A T s C 
Cr per gm 

leather 

. 14 

.36 

.22 

. 6 2 

.71 

.7?. 

.87 

. 88 

. 74 

. 95 

. 99 
1 . 06 

. 99 
1.08 
1.07 

. 24· 

.32 

. 43 

.54 

. 74 

.91 
1.00 
l. 07 
1..10 
1.02 
1. !'1. 5 

12 
27 
32 
45 
so 
51 
51 
52 
55 
54 
50 
51 
53 
48 
49 

20 
26 
31 
~Lt 
/ ' 
51 

54 
59 
::3 
52 
51 
55 



Tabl e B. 3 . 

3 mo l es Ace tate per gram atom Chromium . 

20 hours heating . 

mo l es KOH pH Blue Peak Yel l ow Peak . m. !Ilo l es bTs°C 
pe r gr am 

(max t iD8X 

C' r pe r gm 
atom Cr . )\ max ). max leather 

mr mr 
Ch r omium Chloride . 

- 3 . . 62 415 18 . 7 579 18. 7 . 05 5 
- 2 .67 .70 414 19 . 5 577 20 . 0 . 06 10 
- 2 . 33 . 88 414 19 . 6 576 21.1 .07 l~ 
- 2 l. 03 414 20 . 5 576 22 . 6 . 11 15 
-1. 67 L 26 417 21.4 576 24-. 7 . 16 21 
-l. 33 l. 50 4-22 23 . 6 576 26 .7 . 20 25 
-1 1. 78 428 26.6 580 29 . 2 .23 28 
- . 67 2 . 28 .436 32.8 583 31.0 . 23 31 
- . 33 3.30 438 38 . 6 584 32 .6 . 16 25 

0 4 . 02 430 35.5 575 37.1 .16 ?2 
.33 4.44 421 34 . 3 570 44.1 .13 19 
. 67 4 . 72 416 33 . 6 568 45. 5 . 20 18 

Chromium Sulpha t e . 

- 3 . 87 420 ?C . 8 C:,P4- 2~ . 2 .1 ~ 16 
- 2 .67 .98 421 21. 7 785 ? ~ . 8 . 17 17 
- 2. 33 1.16 423 22 . 1 583 25 . 7 . 22 22 
- 2 l. 33 424 23 . 3 584 26 . 8 . 27 27 
- 1.67 l. 50 429 2') . 3 584 28 . 5 .29 26 
-l. 33 l. 77 430 26 0 8 584 29 . 2 . 32 30 
-1 1. 96 4-36 29 . 7 584 29 .9 . 33 35 
- . 67 2.35 438 33 .1 584 31. 4 . 32 34 - . 33 ? • 82' 4<1 0 35 . 0 586 32 . 3 . 32 35 

0 3 . 4P 436 36 . 2 576 34 . 5 . 29 32 
.33 3 .87 pre c i pitated . . 22 27 
. 67 4.12 . 19 25 



Table J3 . 4. 

3 moles amino - Acetate per gram 
atom chromium. 

20 hours heating . 

mo les KOH pH 
per gram 
atom Cr. 

Blue Peak Yellow Peak 

}\ max f max ~max i_max 
~ ~ 

Chromium Chloride . 

0 1.95 415 27 . 6 568 32 .1 
. 33 2. 26 414 2'3.6 568 33 . 6 
. 67 2. 54 413 30.1 562 35 . 8 

l 2 . 85 411 32.2 555 3fl. 3 
l. 33 3.24 409 34 . 3 554 40 .7 
1.67 3.85 408 3,7 . 5 551 43.3 
2 4.35 405 40 . 0 547 44 . 0 
2.33 4. 74 40~ 41.3 547 43 .0 
2.67 5 . 13 precipitatefl . 
3 8 . 61 
3. 33 9 .13 
3 . 67 9 . 63 

Chromium Sulphate . 

0 2 .13 424 28.3 573 31.5 
.33 2. 37 421 29 . 3 572 33. 1 
.67 2.64 418 30.7 56 5 3 ~ . 4 

1 2. 90 416 32.1 560 37 . 5 
l. 33 3.27 412 34 .1 555 40 . 1 
1.67 3 .66 412 36 . 2 552 42 .9 
2 1.09 408 39 . 9 551 44 . 0 
2 .33 ,, . 62) 

ppt . on dilution 2.67 5.00) 
3 5. 53 precipitated. 
3.33 5. 73 
3. 67 9.06 

0 m.moles ~Ts C 
Cr per gm 

leather 

.12 

. 18 

. 27 

. 32 

. 40 

.53 

. 63 

. 6 2 

. 16 

.13 

.23 

.28 

.36 

. 35 

. 43 

. 41 

. 64 

18 
23 
26 
30 
31 
~ h 
./ ~· 

36 
35 

19 
21 
27 
28 
38 
48 
35 
32 
30 



Table B.6. 

3 moles amino-Acetate per gram 
atom chromium. 

l hour heating. 

moles KOH pH Blue Peak Yellow "Peak 
per gram 
o tom Cr. 

Chromium 

0 
.33 
.67 

l 
l. 33 
1.67 
2 
2.33 
2.67 
3 
3.33 
3.67 

~max (_max }. me Y {. max 
m~ ~ 

Chloride. 

l. 90 416 27.4 568 31.9 
2.21 416 28.7 566 33.6 
2.27 416 29.0 565 34.0 
2.83 413 31.7 557 37.5 
3.30 410 3~- .o 553 ,llr O o 2 
3.84 406 37.4 5!1 8 42.8 
4.51 405 ~ 1.9 5 ~ 6 45.0 
fir • 96 L'r0t1r 45.9 547 t 6.5 
5.5 4 401 50 .3 5!r4 4-8.7 
6. 56 precipitated. 
8 .97 
9.32 



moles KOH 
per gram 
atom Cr. 

Chromium 

0 
. 33 
. 67 

1 
l. 33 
1.67 
2 
2.33 
2.67 
3 
3 . 33 
3 . 67 

Chromium 

0 
.33 
. 67 

1 
l. 33 
1.67 
2 
2 . 33 
2 . 67 
3 
3 . 37 
3 .6_7 

Table B. ?. 

3 mo l es hydroxy- Acetate per gram 
atom chromium . 

20 hour s heating. 

pH Blue Peak Yellov.1 Peak m. moles 
Cr per gm 

~ max £max ~max £ max leather 
mr ill,/'-

Chloride . 

3. 94 430 25.4 578 22 . 7 . 21 
4.23 432 26 . .-:_ 580 23.0 .19 
4 . 76 4V- 26., 586 2? . 6 . 13 
6.88 t, 36 26 . 7 590 22 . 0 . 05 
8 . 60 428 26 . 9 59~ 17.2 • 01. 

10 .80 Gelled 
12 . 59 
12 . 43 
12.71 
12.06 
12.38 
12.29 

Sulphate. 

2.70 420 11r2 • 0 570 t3.2 . 39 
2.90 423 fl,l~ • 2 570 -1- ~ • 6 A /I 

0 f :--

3.15 !128 ~5 . 6 572 1\ 1 • 6 1 !1 - . ,. 
3 . 38 ~ 26 ~n . 2 577 "t,.' • 11 ~ 

• r ..-

3. 68 l';- 27 50 . 0 580 .} tt . 8 . 38 
-~ 0 06 l.'r29 52 . 5 585 !1 ,j_. 8 .46 
C62 1 29 53.2 "'80 / "· . 3 . ~- 2 
5.92 ,.',30 55 . 3 t;02 "(\ . ~ . 21 
6.70 -11,29 55 . 7 593 11 3 • 7 .07 
7 .6/ 126 11:-9 . 3 590 38.7 .ll 
9 . 94 precipi tated 

ll. 78 

A Ts °C 

25 
2~ 
20 
6 
2 

38 
4 11 
.11,6 
47 
39 
37 
32 
19 

9 
6 



moles YOH 
per gram 
atom Cr . 

Chromium 

-3 
-2.67 
-2.33 
-2 
-l. 67 
-l. 33 
-1 
- .67 
- -~3 . / 

0 
. 33 
. 67 

l 

Chromium 

-3 
-2.67 
-2.33 
-2 
- 1.67 
-1.33 
-1 
- .67 
- .33 

0 
.33 
.67 

l 

Table B.S. 

3 moles chloro-Acetate per gram 
atom chromium . 

24 hours cold reaction. 

pH Blue l)eak Yell ovJ Peak m.mol es 
Cr per gm 

~max fmax ~max t max leather 
m~ IDA 

Chloride. 

.87 415 17. 1 584 15 . 1 . 0-1-
1.13 L1r 16 17.6 58!; 1 5 . ~ . 0~ 
l. ~'t- 9 ~ 15 18.0 582 16 . 1 .07 
l. 72 11r 13 18 . 5 580 16.9 .09 
l. 98 'Ar 16 18.9 58 :~ 17.9 . 15 
2.19 -~ 15 19. 1'r 580 18.7 .19 
2. t1r0 11 17 20.0 575 19 . 6 .25 
2.66 ~r 17 20.7 575 21.2 . 36 
2.86 .. 16 21.8 574 23.6 . / A_ 

3.05 '~- 1 ~' ;? I • l 57~ 28 .1 . 6S 
3.13 .; 15 26 . 1 57 .r 32 . 8 .6? 
3. ~- 0 -~ 17 27. ~ 572 35.6 . go 
3 . 67 '~- 17 27.9 570 36.2 1.09 

Sulphate. 

. 98 i- 12 17. 8 580 17.3 . 06 
l. 20 A.12 18 . '~ 577 17.9 
1.46 ~12 lR.6 577 18, A, . oo 
l. 68 -~ 12 19.3 577 19.1 .15 
1.96 ~-13 19.1 576 19 .0 10 . -- · ' 

2. lt', 11 12 19.7 575 10 . 9 .26 
2.32 ,;.1? 20.3 576 20.6 .35 
2.55 l~- 12 21.7 57/~ 23.0 . ~. 3 
2.74 412 2?..2 572 24.1 . 53 
2.95 {~ l t~ 22.g 575 25.9 • 6 A 

3 .12 /• 15 23 . 8 'l73 27.8 .7 2 
3.34 ~- 15 ?.5.1 h73 :-o. P . 9 ~ 
3.51 ~ 17 30 .8 573 '4 r" 9 """c..~ • . 98 

0 ATs c 

1 
5 
7 

15 
23 
29 
31 
-~ 1 
~ 9 

5 ~ 
51 
.q 
52 

7, ,. 

2 
12 
15 
2 .. 
27 
31 
37 
51 
t:)?i 
~ ./ 

51 
'l?i _, 

50 



Table ::'·. 9. 

3 moles Bromo- Acetate per gra~ atom chromium. 

24 hours c old react i on . 

moles I7 0H pH Blue Peak Yellow Peak w. moles 0 .o. Ts C 
per gram 

t max [ max 
f'!r per gm 

atom Cr . ~ max ~ max leather 
m~ m~ 

Chromium Chloride . 

- 3 .98 /t l7 17.4 583 14.9 . 04 2 
- 2 . 67 l. 22 417 17 . 6 58~ 15 . 4 . 06 J. 
-2 . 33 l. 52 116 17 . 9 585 16. l . 08 10 
- 2 l. 77 416 18 . 4 584 16 .8 14 
- 1.67 2. 01 416 19.0 580 17 .8 . 26 24 
- l. 33 2 . 22 ~- 15 19 . 5 579 18 .8 .33 31 
- 1 2 . 44 411 20 . 3 577 20 . 3 .47 311 
- . G7 2.66 L!.lf 21. 1 576 21.7 . 56 37 
- .33 2< .. 86 small ~recipitate . 68 tlr6 

0 3 • Of.lr .77 511
r 

. 33 3. 1.8 . 90 50 

.67 3 • 11r4 .95 55 
l 3.76 l.lO 56 

Chromium Su~phate . 

- 3 l.Ol t'r 12 18 . ·'1- 579 17.7 
- 2 . 67 l. 25 ~ 12 18 . 6 578 18 . 1 
- 2.33 l. 50 : 12 19 .1 578 18 . 9 
-2 l. 73 ·1 12 19 . 8 577 19.7 
-1.67 1.98 413 20 . 4 57 f1r 20 . 3 
- l. 33 2 . 21 t~ 13 20 . 9 573 21.5 
-l 2.39 412 21.6 575 22 . 9 

.67 2 . 62 .n2 22 . 2 574 23 . 6 
- . 33 2. 81 L'r13 22 . 3 572 2 '~ . 2 

0 3.07 precipitated 
.33 3 . 24 
.67 '3 . t10 

l 3. 61 



moles KOH 
pe r gram 
atom rr . 

Chromium 

_ 7) 
/ 

- 2 . 67 
- 2 . 33 
- 2 
-1. 67 
- l. 33 
-l 
- . 67 
- . 33 

0 
. 33 
. 67 

l 

Chromium 

-3 
- 2 . 67 
- 2 . 33 
-2 
- 1.67 
-l. 33 
- 1 
- .67 
- .. 33 

0 
. 33 
. 67 

l 

Table B.lO . 

3 mo l es Propionate pe r ~raF atom 
chromium . 

20 hours heating . 

pH Blue-. l?eak Yellow Foak 

~max Emax " :rYJa.x £max 
ill)<- m~ 

Chlor ide . 

. 63 416 19 . 9 576 19 . 7 

. 67 416 20 . 6 580 21.4 

. 82 416 21. 4 574 22 . 4 

. 98 416 22 . 0 574 24 .0 
l. 28 418 23 . 3 576 25 . 9 
l. 52 422 26 . 0 580 28 . 1 
l. 75 430 29 . 4 580 30 . 4 
2 . 05 434 34 . 3 584 3? . 7 
2 . 42 precipitated 
3 . 98 
4.67 
5. 18 
5 . 57 

Sulphate. 

. 78 420 22 . 0 580 24.1 
1.05 422 22 . 4 584 25.1 
1.16 422 24 . 0 584 27 . 8 
l. 25 424 24.4 580 28.1 
l. 47 428 26 . 1 582 29.3 
1. 67 430 28 . 1 584 31.6 
1.94 436 30.6 584 30.7 
2 . 32 436 33.6 584 32 . 6 
3 . 00 436 37 . 2 584 34.1 
3 . 50 precipitated 
3 . 92 
4 . 76 
5 . 10 

m. rno leF A Tf'°C 
Cr per gm 
leather 

.04 3 

. 05 3 

. 05 5 

. 09 12 

. 14 16 

. 13 20 

. 22 22 

. 23 27 

. 10 ll 

. ll 16 

.14 22 

. 19 23 

. 25 27 

.25 33 

. 26 7)~ .... , 

. 29 35 

.31 36 



Table B.l l. 

3 moles ~ - ami no - pr opio~ate 

20 hours heating. 

moles KOH pH 
per gram 

Blue Peak Yellow Peak 

atom Cr . ). max 
m;c. 

( max ~max 
m~ 

Chromium Chloride. 

0 1.83 420 27.8 572 
.33 2.07 420 30 . )_ 568 
. 67 2.51 416 31.5 564 

1 2. 79 412 32.4 556 
l. 33 3 . 32 410 35 . 9 551 
1.67 3.93 406 39.0 54.8 
2 4 0 59 402 43.5 511.4 
2 . 33 5.06 402 45.8 542 
2 . 67 5.52 precipitated 
3 7.6 4 
3.33 10 . 00 
3.67 10 . 08 
4 10.42 

Chromium Sulphate. 

0 2. 1·1 430 33 . 9 576 
. 33 2. 44 t 28 31. 4 570 
.67 2.70 420 32. 4 568 

l 2. 94 416 33.7 560 
l. 33 3.23 t1.14 35.2 5511. 
1.67 3 . 56 tH2 37.9 552 
2 1. U r 408 Al. O 5·16 
2.33 ~- .59 1'.04 16.5 51',4 
2. 67 ~r • 98 trOLl, ,1f3,5 5-11 0 
3 5.5[ 400 50. 8 :'A() 
3.33 6.10 precipitated 
3 . 67 8 . 33 
/l 
•r 9. 68 

[ max 

30 . 7 
33 . 7 
36.0 
37 . 6 
Al.3 
43 . 6 
llt; ,., 

~ . 
A. 5o 6 

31 . 6 
;3.1 
35.3 
37 . 9 
40 .7 
~-4 . 4 
t~6.0 
-'1 7 . 3 
11 6 . 7 
~ 5. 8 

0 rr •• moles .A Ts C 
Cr per gm 

leather 

. 16 

. 21 

. 28 

. 36 

. 60 

. S2 

.75 

.69 

.13 

. 17 

.23 

.31 

.38 
• .A 1 
.47 
• I'~ 7 
.42 
.38 

16 
22 
24 
30 
31 
33 
35 
'A\ C:: 
/ ·' 

17 
13 
23 
31 
30 
411, 
37 
36 
31 
29 



Table B.l2. 

~ moles ate per r§.m 

20 hour s heating . 

moles KOH pH Blue Peak Yellow Peak m.rnoles .ATs°C 
rer gram Cr -pe r gm 
atom Cr . ~ max ( max ~ max { max le3ther 

rnA m,-" 

Chromium Ch l_or i de. 

0 3.06 436 33 . 8 582 3~ . 7 l '~ . -' 18 
. 33 3 . 3:~ 13'r 32.3 '.i78 ~.,_ . 9 . 18 22 
. 67 3 . 76 430 31. 5 57P 37 . g . 17 21 

l 3 . 97 120 30.0 568 38 . 8 23 
l. 33 ·1.32 -116 30.0 566 ·~-0 . 7 .18 21 
1.67 ·" . 77 411.1 30 . 3 56-: -~o . 5 . 16 20 
2 5 . 01 t,. l 6 30 . 0 568 36.6 . 15 19 
2 . 33 5 .28 -~- 16 30. ~t 568 3".5 . 16 15 
2.67 5 .96 ~r 18 31.5 576 33 . 6 . 13 13 
~ 8 . 52 precipitated -' 

3.33 9 . 38 
3 .67 9 . 90 
t, 10 . 20 

Chromium Sulnha te . 

0 3 . 06 ." !rO 38.7 590 35 . 6 .15 18 
~-;:; . / -' 3 .30 1 :o 3 ~- . 4 58 33 . 7 .19 2t,. 

. 67 3 . 66 ~~ 36 33 . 7 580 35 . 6 .23 26 
l 3 . 96 1 30 32 .5 576 37 . 9 . 26 26 
l 7.7 . _;) ~~- . 26 I~ 2!; 32 .3 568 ·~ 0 . 6 .30 25 
1.67 t1r • 50 416 33 . 1 568 ;tr2 , 8 -35 2~ 
2 4 .76 ·t 16 y• . 3 566 4-2 . 7 • 1'.8 24-
2 . 33 4 . 95 416 3"r • 5 566 38 . 8 . 63 21 
2.67 5 . 25 ',20 35 . 1 570 3t1 . . 5 . 80 15 
3 5 .6 ~ precipitated 
3 -33 7. 18 
3 .67 9 . 21 
I' l 0 . 0J1 



Table B.l3. 

3 moles o( - hydroxy - Propio%1at e_mu: 
gram atom chromium . 

moles KOH pH 
pe r gram 
atom Cr . 

20 hours heating. 

Blue Peak Yellow Peak 

~ max 
m~ 

£max ~max 
m~ 

{ max 

Chromium Chloride . 

- l 1.19 428 38 .2 576 33 . 5 - .67 l. 47 430 40 .5 576 34 . ? 
- .33 1. 84 434 43 . 0 582 36 . 6 

0 2 . 60 430 44 . 6 r::.76 Y:J . B 
.33 3. 07 428 47 . 9 "i70 45 . 2 
. 67 3.33 426 5l.l 568 50 . 1 

1 3 . 67 424 51.4 566 51.7 
l. 33 4 . 18 424 51.2 560 51. 4 
1. 67 4.67 426 52.9 568 53 . 2 
2 4. go 428 55 .5 570 5r::. .l 
2 . 33 5 . 89 430 50 . 4 576 51.3 
2.67 6 . 78 432 50 . 7 584 53 . 2 
3 6 .86 430 44 . 3 588 46.4 

Chromium Sulphate . 

-l 1. 62 4-28 38 . 4 576 33 . 8 
- . 67 l. 92 428 39 . 8 576 35 . 3 
- . 33 2 . 18 428 42 .1 576 37 . 8 

0 2.50 42P 4-4 0 4 574 40.7 
. 33 2 . 82 426 46 . 5 570 43 . 6 
.67 3.10 A24 49. 2 580 47 . 3 

l 3 . 36 422 51. 6 568 50 . 2 
l. 33 3 . 80 422 53 . 2 570 52 . 7 
l. 67 4.04 424 54 . l 568 54 . 0 
2 4 . 26 11. 24 55 .8 568 51t . O 
2.33 ~ 0 84 426 56 .2 570 55 0 ~-
2 . 67 5 . 35 .128 56 0 3 576 58 0 '+ 
3 6 .16 432 5-1 . 0 . 584 53 .6 

0 m.moles A Ts (' 
Cr per gm 

l eather 

. 08 

. 07 

. 09 

.12 

.17 

. 18 

. 23 

. 23 

. 25 

. 26 

. 24 

.16 

.09 

. 10 

.10 

.13 

. 14 

.17 

. 20 

. 25 

. 27 

. 27 

9 
10 
7 

14 
20 
24 
271 

/ 

29 
26 
28 
27 
14 

8 

11 
14 
15 
17 
19 
23 
25 
27 
30 

pr ecipit::Jted 



moles KOP 
per gram 
atom Cr . 

Chromium 

0 
.33 
. 67 

l 
l. 33 
1.67 
2 
2.33 
2. 67 
3 
3.33 
3 . 67 
A 
'T 

Table R. lA . 

3 moles o( - Bromo - pronio~tate per 
gram atom of chromium . 

20 hours heat i ng . 

pH Blue Peav Yellow Peak 

~ rna x f max ~ rna x [ rna x 
m~ m~ 

Chloride. 

. 54 420 28 . 8 568 2~- . 6 

. 62 420 30. !l~ 566 26 . 4 

. 76 420 31.1 S68 27.R 

.92 42t1r 32 . 3 568 29 . 2 
l.ll 4~ ,1 31 . 2 568 30.8 
l. 33 ~':- 28 36.0 r:..7 A 

/ . 32 . 5 
1.65 '1 32 38 . 1 576 3" . C 
2.09 ll_ 3-11. 1\. l. 0 580 35.7 
2.81 A ?(' 

• -.J ll.3 . 6 576 ll0 .2 
3.61 .A ?4 49 . fir 568 50 . 8 
3 • 2tr ~ 26 t19.5 1;7 ~ ~. 8 . 7 
: . 10 t.26 ·"~ 9 . 7 57?. 51.8 
tt . 73 ~r28 r:..0 . 5 57t1 51. ll. 

~ . moles 
,...r per gm 

leather 

0 A Ts C 



Table B.l5 . 

3 mo l e s d- Bromo - propiot)a te per gr am r atom of chromium. 

moles KOH 
per gram 
atom Cr. 

Chromium 

0 
.33 
. (7 

l 
l. 33 
1.67 
2 
2 . 33 
2 . 67 
3 
3 . 33 
3.67 
4 

20 hours heat i ng. 

pH Blue Pealr 

.,.. max f. max 
m~ 

Chloride . 

. 4q ~ 16 20 . 6 

. 21 .:",16 2l.l 

. 72 rH6 22 . 0 

.88 116 22 . 7 

. 82 1'18 23.9 
1.08 ~ 2 :~ 26 . 3 
l. ~ 5 (1~28 2q.3 
l. 98 t, 31 3'3. 8 
3 . 28 ~ns 39.8 
.1 . • 0'1- !32 35 . 5 
!1, . 38 I, 26 33 . 7 
!; . • 79 ~ 22 33.0 
5. f. 5 !;.2 ~. 33. 1 

Ye l low Peak 

~max £ max 
m~ 

578 20 . ~ 
578 21.7 
57!1,. 23.3 
575 2".7 
571 26 . 6 
576 28 . 9 
576 30 . 7 
580 32.9 
582 35 . 3 
576 38.2 
568 ~~-l. 9 
566 ,11 A • 6 
568 !l,3 . 4 

m.moles ~Ts°C 
rr per gm 
leather 
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