
THE INFLUBICE OF LAOTIO AClD ON THE RATE OF., 

PROTEINIC TISSUE· 

A Thesis 

Submitted to the Engineering Faculty 

of 

Robert College iebek-Ista.nbul 

.by 

Illi~iiij~mm;~ llilim ~! . 
39001100540304 

In pa.rtial fulfillment ol~:(?tJ~~q.iQ~;~~;; 
for the degree of~1aster ofScienoe in 

Chemical Eng1-neering 

June, 1964·· 



• · .. · . . . .. . · . " 

.. .. • • .. • • • • • .. • " 

1. 'thAt lUocn.mioal Role of lectlc Acid • • .. • .. 
9 ,~?r$~talyzed :0,_8 ~ .. ~ • • • .. .. .. • • .. 
~ .. The Qhoico of ),ia'ter1fillfor Exptllrburntat ion • .. .. 
4,. 'rho Mitohaniem ot Olu'oma fanning .. .. • .. .. .. 

· .. .. 
1. 'l;ha Appl1cation of lAlctlc Acid to Antmal Ski\'! .. .. 
2. Dy1na 'Of Anaa. 1 Skin with IT._tal1t!~Hl lites • 

fIle Abeorptlvitr ot the Anilra-.l $kin .. 
fM aon.:ntration 'Of' -. in the .o.v.-~t.b. 

f.mperatW". .. .. .. • .. .. .. .. .. 
s. Equl111lrlwa Dbtribution Qf the llyestatf' 

4. 1:l'w M produc1b!lit,. otlbper'1ment.$ • • 
,5. Stt~r7 4l'ld C(m.clw;siora • .. • • • .. 
6. SU~5tions for Farther IiWHaroh .. .. • 

ut .. En'&i.lliEt"l"lAL PAli.T • .. • .. .. • • 
1. a~w4:W'.a • .. • • • • • .. • 
2. ~9U.lts of :tb~,p$r1mente • • .. .. · ' -.. 

.. • .. • · ' ... • 

.. .. 
• • 
.. .. 
• • 
.. .. 
.. • 

• • 

• 
.. ". 

.. .. 

; . _ .. ,"";., 
-:"'''. /~ ~ 

.. 

.. 

.. 
.. 

.. 

.. 
~#' ". 

• 

124092 

111 

10 

11 

1~ 

l'l 



!: !~tr~ol~Cttl~l' 1l0n~U.ntt or ~tQ13!tO~ ~~ 

~g$ 

ti/. 

~~ .Fcl;r~ptlde b.l~if .. '.. .. .. .. .. .. .... 1.5 

r; :l'ntflJ'lUol.Ctd.tll' 1h4i~ ef" ~~~l,i_dl)I'&~ 

t.o iQlyPlpti~c l.k'ltliM .. .. .. .. .. .. .. .. 

V : i1~rbt lo~ of pH i~ ~aath .. .. .. .. " .. 

vn : 
Vad,atlOrJ 0" PI tn Dye 1ktth .. .. .. 

lUit. ~t Ab~ol'pt1on.i' ~ Gn \1alt1Jkin 

.. .. 

D)~ &r~4e O.~ %.. .. .. .. • .. • * .. 

f.fi'i" 'fity I Chrome '1~~t!on ~ oalf~k1n .. .. .. .. ... 

a:.'U*~ ifi=t1on ~ Qalr~kin 

t."!"Al"~ A'bSOl"PU,., ~ ~lt!liki1n 

.. 

.. .. .. 

.. 

" 
• • .. .. ,. '!i 

1tlV: 1"iIl'~~r~tW"e U.~~d.nce otAbs()l'ut1..m 114&* ... 

o j ta cttc Acid.. .. .. s .. .. .. .. . . 

i::rr r: TeffiIQreturet ~~OOG-n~ of Ab$cr'wtlGn tlat-G -

5 lk .l.<IJ~ it: Acid .. .. .. .. .. • .. .. .. " 

iJ:'emporatUH ~,~nMl!lC~ or Ab1;l0:f' jlti!l)r'I R~t!!i .. 

'1 :J!t !!!!qt.leAe:id .. .. • .. .. .. .. .. .. 

Fig .. r/lH:: T~m~.rtitur$ iJep;lindfillrHwof' Ah$orpti<m fUtU ... 

Lactic Aoid.. .. .. .. .. .. .. .. .. 

Ft:}ttition on a:dfski~ .... X~qu11;nn'it~!f!! 

: !'ii1pl'odu.e1bility 1Gf' Abeurpt.1,Qrl ... ()j& .. 
t ~ ~~Fodu,tibi Utl fJt 'fJ';{fJ ab~!4Jl"pt.i~ "" 1 }~ 

f~Ij1todu~ibil.itl of Jlya }\h~H'rpti~n Me 3 % " ~~~;.\ 3. 

" 'rYFie~l ','~Ubrtlti!)'\'} {JUf'V~ j\;:~r 

.. 

.. 

" 



'the author wiehes to aoknowledge tbe e.sbt ... given by tho 

f •• chinS Staff ot the Chdllca 1 Bngb"ering n.partIMnt, 1n 

panicular by Prot. Dr. Tvgut We,.a", who directed U. lMe_ti-

" 

i 
I 



I 

GENERAL PROPERTIES OF THE SUBSTANCES 

UNDE~ INV}~STIGATION 



The scope of the research work undertaken and presented L~ 

this paper is related to cancer research .. Warburg (10,11) 

was able to identify the aoid aocumula ted in tumors as llu~tic 

acid. He desoribed an experiment oarried out in vitro with 

tissues, normal as well as cancered, and found that the supres-

sion of glycolysis, which occurs in general in normal tissues in 

the presenoe of oxigen, failes to occur in neoplastic tissues, 

or is of much smaller extent than in normal tissues •. As an ave-

rage he calculated the laotic aoid formation due to aerobic 

glycolysis as 0.075 mg per hour per rag of gluoose added, as com-

pared to 0.001 mg laotic aoid formed in normal tissues 'under the 

same oonditions., From his experiments Warburg deduced, that the 

mechanism of glyoolysis was disturbed in malignant calls and. 

that the tumor constitutes a foreign bod7 within the animal or 

human body. 

F. Bernhard (2) was able to measure the lactic acid concentration 

in vivo and found a content of .30 to .40 % in malignant tissue 

as compared with ~15 •• 17 % in normal tissue. 

It was the idea of l~oyan (6) to find :nontoxio substances which 

would be preferen'tially absorbed by cancered oells and vtfould aid 

in l'eoogni:;::in8 them in the body a"t an as early stage as possible. 

Screening a wide variety of possible substances l\foyan found the 

premetallized dyes most suitable, particularly the chromium. dart ... 

vatives. The dyes are nontoxic, and will not preCipitate in the 

blood. They offer the further advantage that the chromium oan be 

irradiated before incorporation into the dye molecule and that 
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any aocUffiulatiol1 can easily be dedectea. by measurement of the 

radioactivity" The advantage of ohromium lies in th.e fact of 

i t8 rela ti vely short half life periocl. of 26 days and the low 

energy of its radiation. Therefore, any ha~ardous side effects 

are unlikely to' happen. 

2. !f..e.!.~:!ialized Dyes ,.LLl 
Th~~ incorporation of c. rtain metals in aomplexforming dyes with 

the purpose of improving particularly the light fastness was 

praotized sinoe long by treating acid dyes after their appli-

cation to the fiber with chromium salts. InvestigatiO'ns to' 

simpl;-fy the dying procedure led to the development of dyestuffs 

which could be applied in one bath. A complex dye mo18cule was 

prepareo. by coordinating one complex forming dys, molecule to 

one metal atom (fig.1). before application to the substance to 

be dyed. These dyes ~e simple to apply to the fiber, except 

for the fact that a high quality even dye level is obtained only 

at boil~ng temperatures and in strongly acidic dye baths. Due to 

this disadvantages a further development of the premetalized. dyes 

took place leading to the advent of products which could be 

applied in neutral or slightly acidic solutions at no~mal tempe-

rs,tures., They differ from the prototype by including two dy~,,-

forming molecules bonded to one chromiura moleoule and are fre-

qUently designated as 182 oomplex in comparison with the 1~1 

oomplexes of the earlier type (fig.2). 

The dying mechanism is assumed an ionio bonding of the dyestuff 

to the basic groups of the fiber as well as an absorption by the . () polyptide chain ,T,:3 • The lfe.ter solubility is affected. by hydro ... 
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· philic, but norm.ally not ionized groups as the methylsulfon-, 

sulfonamid-, and acylamino-grou;p .. 'l'l1e molecule undergoes sol­

vation, probably under formation ot' hydro,~en bridges. The pre­

metalized dyes are prepared by reacting the sodium salts of 

the complexfol"lll.ing dyes with trivalent ohromil.LlTI salts OJ:' with 

ohromatEls in a suitable medium under the influence of heat, in 

general at the boiling point of the r~'action medium. The dyes 

formed in this wai/behave a.s sodium salts of strong acids as has 

been eonol-aded by Schetty (18,) from the fa.ct that their titra­

tion characteristics COincide with that of hydrochloric acid. 

In this work the 1:2 complexes could not be used because the 

free acids of these complexes shoW' a relatively low water 801u­

bility~ particularly in the pt'esence of other salts. The measu­

rement of th.e "true pWl in the malignant tissue is very nm.eh 

subject to disagreement between various authors (7)i and seems 

also to vary considerably with various types of tumors. There­

fore, a preoipitation of t.hedye within the living body might 

lead to unforeseeable oomplications.The dye used in this work 

belong to the Ultralan series (leI), that is to the h1 com 

plexes. The dyes had been tested in various organic and inorga­

nic aoids at a wide J.~aJ:lge of' pH-values iIli thout a notioeble ohange 

in solubility and appea.ranoe after one week of eXl)osure~ 

3.. The rJ?oig,~. ~:f',"JJl?:,:~eFiEl."l£..l~!J?£; .. m,,~!! .. :llP~ 

1'he proteinic material to be used ill the experiments of the pre- . 

vailing investigation had to fulfill certain requirements~ 

~l - the conditions of tiSSUE' Hin vi VOl! should be reproduoed 

or approached as fair as possible, 
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b - the material should be readily available in suffi­

cient quantities, 

c - the material should be easy to be stored and ha,n(UE:Jd~ 

and 

d. ... the material should allow a fairly constant reproduo­

tion of experiments. 

The material found most suitably in this line was animal skin; 

throughout the experiments calfskin was used" The dena-ired, but 

otherwise untrea,ted skin Vlf'aS stored in a 10 '}[, salt solu.tion, to 

whioh enough phenol was added to avoid. bacteriological destruc ... 

tion. The skin W8$not subjected to any degreasing treatment, 

because the absence of any grease was eonsidered IRS a Severe 

deviation from Hin -rlvo ll conditions in spite of the higher 

absorption rates which could be exspeeted by using degreased 

material. 

The Chemical S true turs and Pro~ertiesof Hides (4a, ~l 

The dry matter of' the hide consists to about 80 'f.~ of protei11s 

whieh can 'be desoribed as :maoromolecules build up from alpha­

amino acids linked toge:tl1er by peptide bonds 4 Thus, -the general 

struoture of the proteins can be given in the following mannera 

( -lime Clift. 00... ) 
n 

vJhereby l{ symbolizes a side oha,in extending from the D9_ok bone or 

poly}}el,-tide chain. The side ohEdn may oonsist of a single hydx'o­

ge:n a/GOlli, but may be rather oomplex, inoluding aliphatic chains, 

aromatic groups, and het~rocyclic aromatics. The groups may exert 

hydrophobic or hydrophillic properties, depending on chf3,racte-

6 



ristio substituents as aloohols, ethers, thiols and thioethers. 

It are these side chains which determine the properties and the 

funotions of the proteins. 

I'rotein8 can. be classified 8,8 fibrouo or globular acoording to 

their configuration. The leather forming portion of the hide con­

sis't;s of an interwoven network of fiber bundles of collagen, the 

most important constituent of the hi<le beoause of its reaotion 

wi tIl the tanning agents in the oourse of leather manufacture .• 

The globular proteins are essentially involved in the vital pro ... 

oesses within the tissue. Their functioning requires solubility 

in water or weak salt solutions, while the fibrous or structural 

proteins are not soluble in these solvents. 

The main step in leather manufacture is the tanning, either vege­

table tanning or chrome tanning. to the later of which some con­

sidera tion will be given ill here due to its similari ty to chrome 

dying", 

4.. !hL!,ech~~l!L.2.L qE!".Qme_..:'fan!!J,~.J..ill 

The fixation of chromium on or in the hide during tanning is 

assumed as deposition of a highly basic, insoluble chromimn com­

pound .. Different investigators dif'fer in their conclusions from 

experimental results whether this compound is merely deposited 

or whe'cher it is combinec~ ohemica,lly wi t11 the skiJ:l proteins .. 

Shuttleworth states several reasons complicating the development 

of satisfe,cto:ry theories of chrome tanning; the most impoX"tant 

of' which is involved with the box-Lding mechanism between proteins 



and chromium tanning .complexes. 

The multifunctional character of collagen proteins makes it 

possible to visualize the following bonding meohanisms, cited 

in order of increaSing bond strength: 

I - Eleetrovalent or salt link, 

II - Nonpolar adsorption, 

III .. Residual valency or Van der Waal's forees, 

IV - Hydrogen bonds, 

V -Coordinate bonds involvin~ shared pairs of eleotrons 

and 

VI - Covalent bonds. 

The earlier theories dealt with absorption, residual valences, 

and salt formation, but partioularly, improvements in the know­

lecige of the ohemistry of ohromium compounds are responsible 

for '~he rejection of these theories to be aooepted as primary 

bond meohanism. 

Coordination theories allow three interpretations, namely ooor­

dination of nitrogen atoms of the amino - group only, bridge 

formation between amino and carboxyl groups, and coordination 

of oarboxyl groups only. Several researchers have proved that 

hydroxyl-groups and the peptide-back-hone of the proteins is, 

if at all, responsible only for a very minor amount of chromium 

uptake and that the bonding mechanism takes place by residual 

valence ana./orhydrogen bondage. 

In view of the fact that a wide range of organic carboxyl groups 

are capable to form stable coordination complexes with trivalent 

chromium ions ~~der ohromium tannage conditions and that carboxyl 



groups incapable of forming ooordinated compounds with ohromium 

do not seem to exist, Shuttleworth (4b) conoludes that at least 

a part of the ohromium fixed to collagen has undergone coordina-

tive bonding with the carboxyl group. Deamination or protection 

of the amino groups before ehro;rae ta,nnage does not result in a 

remarkable decrease of chromium uptake, while esterification of 

the carboxyl groups before tannage reduces the ohromium uptake 

substantially. From these facts as well as from other experimen-

tal evidences Shuttleworth ooncludes further that coordination 

of protein oarboxyl groups to chromium is the main reaction in 

chrome tannage. 

The high heat stability of chrome tanned leather, increased with 

respect to vegetable tanned specimens. lead to the conolusion 

that bridge formation between neighboring protein. chains should 

prevail. thus setting up an interoonnected three-dimensional 

network. However, a final proof of this theory was not yet pos-

sible, partioularly because of the diffioul ties in interprets;t1on. 
• 

of X-ray diffraotion patterns. Chromium oxide in tanning solutions 

exists in oleated formt that is in chains of the pattern. Or - 0 - Cr 

and is has been oa,loniated that the chain length of a four-chromiu,nl 

complex is about 24 A. 'l'nis would be aPI)roximately the minimum 

distance between two free carboxyl groups from projecting side 

chains of neighboring pf~ptide chains. ThUS;t effective bridging 

between adjacent proteins requires a considerable ohromium take-

up, while X-ray dif'fraction photographs become unolear y,;i th in-

cree.sing ohromium ox:i.d.e oontent. 
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'fhe swelling of hid.es il'fhen placed in. acid or alka.line solu ... 

tions is a. long known £s,ot. The swollen st8,te of the hid,e may 

be considered as equilibrium state between the solution power 

of the solvent and. the adhesive forces keeping the individual 

protein molecule in solid struoture. It has been oalculated (4b) 

that the distance between two main chains of proteins is about 

10 A in the dry state and 17 11 in the swollen state. Vickerstaff 

(9) mentions a calculation, according to which the distc"nce of 

protein chains in wool is of the order of 40 A in the swollen 

state. The leather manu.facturer makes use of the swelling action 

to control the rate of diffUSion of chromio acid into the 

The swelling as desoribed was the first effect to be observed 

when the hide W"U:l plaoea. in the l$,otic acid bath. By visu.al 

inspection it was obvious that the effect became more pronoanced 

with inoreasing concentrations of lactic acid in the bath. 

!:Eeasurements' of the hydrogen ion concentration of the lactic 

acid bath indicated that an equilibrium distribution of laotic 

IMdd betvleen hide and bath was establishsd after about 22 hou.rs. 

The laotic a,cid in the hide must be assumed in a state of true 

adsorption or fixed by ionic bonds to the amino groups of the 

protei:n .. This is concluded from the observation that the pH 

of a freshly prepared dye bath decreased remarkably dur:Lng the 

constant over the entire dying period when the dye was added to 

the lactic acid bath$ In the former ease the decrease of the pH 

is attributed to a readjustment of a new equilibrium distri'bution 
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of lactic acid (fig.V,Vl). 

Dling of AnJm.aJ. ~ ~;ith.~Premeta}.i~""pxes. 

Gustavson (4b) and others are reported to have investigated 

absorption phenomena on tddes by the use of hide powder. 

This practice was not followed mainly for two reasons, one 

of whioh is technical nature, the other being of theoretical 

consideration. The later reason 1s basad on the observation of 

Smith (8), that gelatine and. glue is of lower grada when pre .. 

pared from dried glue stocks instead from fresh ones. Thus a 

chemical change of the hide might be assumed with possible in­

fluences on dye absorption rates and equilibrium distribution 

of the dye between hide and liquor. The technical reason appsw 

ared in the difficulty to separate the hide powder from the 

liquor, particularly when the dye liquor was to be inoluded in 

the determination of absorption rates. Filtration by the aid of 

filter paper would give raise to false results as the dye would 

be absorbed by prereferenoe on the paper, and a oentrifuge power­

ful enough fO'r sedimentation of the fine powder was not available~ 

AlsO', powderization would oonsitute a deviation from the approach 

of reproducing conditions of tissue struoture Itin vivon. 

In a previous chapter similarity between dying with chrome dyes 

and chrome te,nning was mentioned. However, comparison should not 

be driven to far. While in chrome 'tanning an elated compound of 

ohromic oxide is coordinated to the free oarboxylic aoid group 

of a side chain, the dyes under cQnsideration posses strongly 

ionizable acid groups as the sulfonic acid group. In viow of this 

fact Bird (:;) reports the following bonding mechan.ism of premo ... 

__________________________ ~1,~ 



talized. dyes on wool (fig.lr). If this bonding fl'!f.H~hanisU! is 

a.ccepted. it oan D(,; seen that three differcn't bonds participate 

in k(~Gping the dye molecule at a certain posi tiorl. namely 

ionic, ooordina;te, and cov~J.lent bondJ.:l. Further m.ore, df~pend,ing 

on sterie oonditions the dye moleoule can be attached intra­

or intermolecular. 

¥ickerstaff (9) has devided th.e amino acids found in l1[dm.ral 

proteins into fou.r main classes according to their chemical 

naturell 

s ..... amino acids yielding non-reactive side groups, into 

which he includes oxyproline in spite of its polar 

hydroxyl group on the argument tha:!; this group is mu.ch 

less contributive to ab8orption of dyes than other groups. 

b- amino acids yielding basic side groups, whose number 

is very important as determinant of the maximum ~aount 

of aoid dyes which (Jan be combined with the f:1,/oo1'. 

0- amino acids yielding acidic side grou:ps as th0 carboxyl 

g~oup whioh might be in the form of a free acid or as 

amide by c.omblnation with. amonia, 

d- amino acids capable of linking two polyptide ohains. 

Cystille, the only liH'?lt!ber of this olass, is a.nalyzed in 

sufficient quanti thlS only by hydrolysiS of wool .. 

Its inflUence on the dye absorption is indireot in as 

nruch cystine is the controllin.g fO.,etol' of 'wool swelling 

in solvents. 

~rho :!nain const! tuents of wool (;l,uii oollagel1_ as obtained by 

hydrolysis a~e {£;i ven in table (1). If'rom there it is obvious that 
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arginine (olass b) is present in comparable amotUlts in wool 

and hide proteins an' that the aoid dye absorption properties 

of these two substanoes should not differ significantly. 

The main faotors influencing any absorption prooess are the 

absorptivity of the absorbant, the concentration of the absor­

bats
ll 

and the temperature. Different sets of experiments have 

been deviced in order to obtain insight into the mechanism of 

the absorption of the premetalized dyes on animal skin and to 

evaluate the impact of the factors mentioned on the rats of 

absorption. It should be mentioned in advance, t~at the uncer­

tainty of knowledge about proteins and particularly about the 

proteins of skins and hides 40e6 not allow for to much generali­

zationof the experimental results. Facing these difficulties, 

the author had the feeling that a mathematical treatment of the 

sU<bject as the evaluation of rate constants was not justified. 

'rhe Absorptivi tz of the, .Animal Skin. The internal structure of 

the absorbant and the availability of spots to which the absor­

bate can be attaohed is determining the absorptive power of the 

absorbant. 

~t:he Variations to which the skin had been subjected were the 

soa,k:lng in solutions of lactic acid of various oencent:rationo 

The swelling of the skin caused by the lactic acid is due to an 

increase of the distance between individual polypeptide chains. 

FroIl'! this fact it can be concluded that an increased degree of 

s17i1elling will fac:.Ui tate the penetration of soluble (tonet1 tuents 



into the stru.oture of the skin. Thus, an inorease of' lactic acid 

concentration is expeoted to inorease the absorption rates of the 

dye, as long as it is accompanied by an inoreased degree of swel­

ling. A second effect of the presence of lactio acid within the 

skin is the suppression of ionization of acidiC groups as the 

carboxyl group and the favoring of the formation of polar groups 

of basio character ~~d the ionization of base groups. Particu-

larly, the amino-group ( -NH2) will readily accept a proton in 

the fornl of the hydrogen ion to yield an tlamIllonium" ion ( -NIl, +). 

In this manner the amino-group is protected from the immediate 

formation of a coo~dinate bond with the dye moleeule, a fact 

which is utilized by the dyer by applioation of leveling agents (3). 

It is assumed that due to this effect the passage between indi-

vidual polypeptide chains is less readily blooked by the deposition 

of a dye molecule. Experimental support for this assumption is . 

the tact, that under otherwise equal dying conditions the depth 

of dye penetration into the interior of the skin was increased 

with higher conoentration of lactic acid. 

Vickerstaff (9) and Back (1) state the theory, that dying follows 

a two step mech8>nism, of which the fiI'st one is a mere $urfa>ce 

effect being rather rapid, while the second step consists of the 

penetration of the dye moleoule into the interior of the fiber, 

a relative slow process. The ionization effect as carried out 

above would not be in oontradiction to this theory. The rate 

inorease of dye absorption with lactic aoid concentration would 

then be explained as an acoeleration of the second step. 
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Experimental evi~ence has been found to support the 

theoretical considerations above within the range of lactic 

a.cid concentration as applied .. In particular, fig. V Tand figo V HI. 

illustrate these aspects and show the initial rates to be 

inoreased up to 100 7t as compared without laotic acid. 

The Concentration of' Dze in. thef)z.e-Bath;:.. The concentration 

of the dye in the dye bath has been varied in certain limits. 

However, the results of comparable experiments appear to be 

inconsistent suggesting a higher chromium fiXation from baths 

of lower acid conoentration (cf. fig.!X and fig.X!!) or a large 

difference in chromium uptake under comparable dying conditions. 

The explanation must be sought in the disuniformity of the skin. 

Thorstensen (4c) devided an unspecified hide into five areas 

and determined the absorption of ohromium from a chroma tanning 

bath on different parts of the hide. He did not only find varia­

tj;,ons of aver ,0 r~ of chromium fixed. on the sample, but he found 

also differing distribution patterns within samples £rom dlffe~ 

rent ar@a-a by oonducting stratigraphic analyses. 

Another source of uncertainty was "introduced by the fact, that 

the weight of the skin was determined as a wet weight. 

Atmospheric conditions as the air humidity might vary well be 

assumed as being of influence on the moisture content of the 

sam.ple. 



£emp~~~ Comparative experiments have been conducted at a 

temperature of 37 °0 and at room temperature •. A8 might be 

expected, the rate: of absorption was remarkedly increased at 

the higher temperature ( fig~ XIV ... XVT!!). 

During all the experiments it had been noticed that the hides 

in the dye bath were subjected to structural decay with tl19 

evolution of a putrid. odor. This effect was staJ'.~ting earlier 

and was more pronounced with samples containing none or very 

little lactic acid o At the elevated temperature of 37 °0 the 

decay was aocelerated in such a way, that the tests involving 

o % ~~d 1 % lactic acid concentration had to be interrupted 

after 6 days, because the evaluation of the experiments became 

unreliable .. This decflY can be attributed to bacteriologioal 

putrifaction t and in later experiments the decay was largely 

suppressed by the addition of about 0.1 % of phenol to the dye 

bath. Any possible influence of phenol upon the aDsorption rate 

has not been studied. 

The large scattering of the rate datas for the elevated tempe­

rature is attributed. to the deoay phenomenon, mainly for two 

reasons .. During the cause of decay rather small hide partioles 

,vere disintegrated. from the main sample, thus producing an 

increase in the surfaoe area of the absorbant and correspondingly 

a :rate increase. Partly due to the disintegration, but also 

influenced by the elevated tempera'/;ure greasy oanst! tuents were 

released from the sample causing the water repe11enoy of the hide 

to decrease. ~rhus, a better penetration of the hide was established. 

11 
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The degreasing of the hide resulted in a very tough but 

ori ttle prod11ot~ which could not 1:H~ out by soissors, but 

had to be broken by handioraft- toolsq 

3 •. f!g,ui11brium Distributio..!!. of the JJz.ing!liater~~h 

In determining the affinity of a dye towards a certain 

substrate it is oonventional to determine the E(q\1ilibrimn 

distribution of the dye between substrate and solvent under 

various oonditions. An attempt to follow this p~axis has not 

been sucoessfu15 The amount of chromium fixed on hides diffe­

ring in lactic aoid content is represented in table XTX. 

The samples had been stayed in the dying bath for three weeks 

before being analyzed. ~rhe previously mentioned decay makes 

the usefulnes of these datas very doubtful. 

The se~ples of low lactio acid content showed the usual decay, 

the Qccurence of small particles in the dye bath lowering the 

a:v8.i18-1)i1i ty of dye to the sample. The samples of high laotic 

acid content adopted a very turbid appearenoe of the dying 

liquor. '1'his turbidity could not be sedimentated in a centri­

fuge rated at 6,000 rpm. The turbidity may pre1rail from products 

of hyd.rolysis of the proteins due to the prolonged exposure to 

a aqueous solutions of low pH. 

Jng" !X representing the dye ba;Gh exhaustion Ullder various 

conditions, allows the conclusion that the lactio acid has only 

a catalyzing effect, that is a rate aooelerating effect. but does 

not inflUence the equilibrium distribution of the dye between 

the phases. 
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Thus, it appears to be necessary to car.l"'Y ou.t equilihrhw 

determinations in e. carefully Gantz'olled manner to avoid any 

disintegration of the specimen. The influence of addition agents 

on either absorption rate or on equilibrium distribu.tion has to 

be eats.alisned in ~tdvanoe. 

Experiments ha.'ve been carried ou.t to test the reproducibility of 

dre absorption under va,rio1:ls concen:tratians of lactic acid. by 

observing the rate of change of optical {lanai ty of th,,, dying 

liquor. The comparison is limited to samples taken from one site 

of the hide; samples from different areas of the hide, accordi:n.g 

to the classification of ~horstensen (40) h.ave not been tested, 

direotly. The results of a indirect oomparison are disoussed in 

the section dealing with the dye conoentration in the dye bath 

(see]h 46). 

The reproducibility test were conduoted by cutting a piece of 

hide into samples of suitable Size, and treating £~ach two of 

them alike. The results of these tests are represente{I in fi­

g~es XX taXXI!. Except for one oase~ the agreement of datas is 

nearly perfect. '1'116 scattering of the datas of fig"XXIt is still 

.'11 thin acceptable limits. It may be attributed to small diffe ... 

rences in experimental conditione betwe(m th!.:; two s.I3.111ples" 

:flor reasons of reproducibility the experiments .of -this work were 

co:nduotecl in sets, that is for the investigation of the influence 

35 
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of a certain variable on absorption rates a compact piece of 

hiae was taken and cut into sIDEdh,r smn~1?10st in order to obtain 

comparable results. 

5. Summary and Conclusion 

l'11e presence of lactic acid in samples of hid.es has been found 

to accelerate the absorption of premeta.lized dyes on the hide .. 

Wi thin the range of experimen:hal oondi tiona the ra t9 increased. 

with the concentration of la.otic acid. About the equili'brhlm 

distribution of the dye between the phases nothing conclusive 

could be said. 

From the "in vitro" - experiments nothing contradictionary to 

the assumption of a preferential absorption of the prenH;!talized. 

dyes by malignant tumors can be daduead-. Further confirma.tions 

have to be based on i:nvQstigations including malignant tissue 

in vitro as well as in vivo. 

As it seems to be established that the presence of lacti(l aoid 

has a fe:vorable influence 011 the absorption rates of the preme.,. 

talizeJ. <lyes, r~.3sel'lrch should be extended to slices of norlilar 

a~j well as malignant tissues in isotonic solutions" If tlu" zamo 

experiments have to be undertaken to establish distribv.tiQn (yurVGS 

of the dye vd thin the body. This seems -ho be neeeSSEtry ir! ol"de:t." 

to aSSl~e that the dye, particularly When irradiated~ will not 



accv~ulate at essential sites in the body as the brain, 

the spinal mark of the back bone, etc. 

The premetalized dyes, and especially the chrome derivatives, 

might gain some importance in the chrome tanning leather 

industries. Of primary importance are the light fastness and 

wet fastness properties on leather. J~ven though it seems 

unprobably that ohrome tanning can be substituted completely 

by chrome dying, (because the chromiu.Yil uptake in chrome tan ... 

ning is of the order of 50,000 ppm ohromium oxide 01' about 

35,000 ppm chromium in oontrast to the average of 300 ppm 

ohromium in chrome dying,) the chrome dyed leather seems to 

posses altered physical properties with respect to the untreat0u 

leather when dried, particularly the brittleness and tougt~~ess 

appears to be reduced in favor of increased flexibilty~ Any 

usefu11ness of these dyes would be enhanced to the leather 

manufacturer could they be applied together with the chromic 

acid in the same bath. Thus the compatibility of the premetalized 

dyes with the oonditions of the chrome tanning bath must be 

investigated, and also, whether ·their use justifies a conside­

rable deorease of the oonoentra:tion of chromiUlll salts in the 

tanning bath .. Of main interest in this cOImection woulct be the 

influenoe on sta.:.r!dard tegts as the shrinks.ge terupGrature and 

the a~lTailal)le gelatine cont(:ut after i;rGatment with premetalizec! 

dyes. 



molecuh~ and :polypeptidF,i ehtdns be[i,r~ 111017'1;" tht'H);r'c,tioal illl­

portance, however could enabl~~ th(~ l'ilathel' manufacturer to 

predict more preoisely optimWll conditions for th.~ devolapruont 

of intermoleoular coordinate bonus, resulting in ultimate 

strength and rastna~s pr'o;perties of the fit:dshed leather. 

Studies of this kind st~ou.l'i include the d.etermination of the 

groups most contributive to intermoleeul&r bonding all,d the 

average dil'idiH,lU;Ei bstt!i'ven thv.n~e: gro'upa, in erde.!' to enable t119 

dye ma-nuf"",c turer to forraula te dyes o;f COl"respondi1:1g !llo1ecular 

length ... 

. ....... . 
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1. Procedures 

The proteinic tissue used in these experiments was untanned 

hide of calf. It was stored in a 10 - 15 %, NaCl .. solution, 

to which enough phenol had been added to prevent deterioration 

of the hide during storage. Approximately equal pieces of hide, 

equality regarding surface area as well as weight, were cut Gift 

and cleaned at the flesh side of adhering foreign materials as 

far as possible. 

Difficulties arose in the determination of the weight of the 

crude bide. Attempts to dry the hide completely before tr<2;a tment 

with lactic ac1d or the dye, were unsactisfaetory because the 

bone dry hide was o.if£'10111 t to handle. The praotice follo\ved. was 

to press the hide over a dry cloth by means of a oylindrioal 

body and. to place the pressed hi(le on a cardboard until constanoy 

of weight was attained. ~t'he hide was then out into pieces appro ... 

ximately sq"ll.al in surface area and weighed. The moisture content 

of the hide was about 50 - 60 1~ based. upon the weight thus ob ... 

tained .. All oaloulations as to ooncentrations of lactic acid and 

dye shade as well as bath ratio a.re based on this v:ret weight. 

L!!:,ctic. Acid: Bath. The hide ... bath ratio wa,s 1: 30 when 8A;dd treatment 

and dyi:ilg' wa.s performed in different baths and apl?l:'oxim.a.tely 

1:29 when a 0.,1 ;{ dye solution was actded to the acid bath after 

the aoid treatment period being ellf),psed. J.!'rom pH~mee.:surements 

it had been concluded that equilibrium distribution of lactic 

aoid between the hide and the aqueous phase, as indicated. by 

constancy of the pli, was established after 22 hours. The acid 



treatment period was therefore taken as 24 hours in every case. 

Agi taiion wac"! not IJrovided. to the bathl\t 

'l'he :Oye :Bath. tf'he hide-bath ratio was 1 ~30. The dye bath Vias 

prepared by adding the appropia te am.ounts of a 0.1 'Jb solution 

of the prometalized. dye to th"" aoid, b8"th or to distilled. water 

in a suitable glass beaker. The beaker was oovered with a watch 

glass to avoid u..ndue losses ofW"ater ohanging the ooncentration 

of the bath. 'ilfhen the oourse of absorption was followed by mea ... 

suring the change of optical density of the dye be.tn, the bath 

was stirred with a glasE: rod ju.st before se,mpling to assure uni ... 

formity of' the probe .. Other means of agitation were not provided. 

:1:0 equalize dying conditions it was observed that the sample -~o 

be dyed was lying flesh-side down, hair-side up in the beaker.· 

l2H-I>1e_!!1?1!!:.~"!!l...§l~ A Beckme.nn plI ... nh;ter w'as used. for. measuring the 

pH of the solutions when thought to be neceesary~ 

Optical Density .. '1.111e determination of the optioal density of. 

solutions was neoessary for the ahrO.l'l1ium analysis of the dyed 

hide as well as for rate determinations of the absorp-tio:!:l. :process. 

A F'isher;jleetrophoto:m.eter \'\fas employed. for this purpose. 

Monochroma ti c light was 0 b tain<i:!Q by su.i ta bh) ohoi ce of a fil tel", 

dependi:rlg on the color of the solution to be eXaYtiined. 



Co1orimetrioDetermination of Chromivlll in Organic Nlatter (5,12) 

Organic material is dig('1sted by tho aotion of' ooncentr·a.ted. 

$U1£'11:£;'io a".l1cL nitric acid, followed. by hydrogen peroxide • The 

and determineo. calorimetrically by usa,ge of diphenylcarbazide 

yielding a soluble violet colored compound of unknown composi ... 

t1ox1. The,' qut:)nti tative deter),11ination is carried ou'!;, by mea.ns of 

acalibratedphot;oelectric absorptiometer. 

Ilea-gent solution are diphenylcarbazide of whioh 0.05 g arE) 

ctissolved in 5 ml of glacial acetic acid and diluted to 5 0 ml 

wi t11 water. ii standard ch~omium solution is prepared by diluti11g 

5.8 ml of 11/10 potassium. dichromate solution to one liter with 

water in a measuring flask. The resultant solution oontains 

o~ooo 010 g of chromium per' mI. 

The instrUll1ent UI:H~(i in this experiFJents was' tlle Fishel' Photo-

electrometer •. 1t was calibrated by determining the oJ)iical density 

of solutions of know:a chromiu.m content containing 2.5 mi of' 3M: 

sulfurio acid'~~d being diluted to 50 ml with water a5~inst a blanc 

oontaining no chromium. 

!I'ne resu.! ts a.re presented graphica.lly in a cali bra tion curve used 

fo1.~ reading of' the chromiUJu of' the sample (fig.XX:t!!)" 

each tim,e If/hen reQ:u.ired" because it is subject to s.ltera.tion on 

si;o!'age leading to stt'b8tan'tial errors. One gram of the represen-

of five mlof concentrated nitric acid and three .inl of concentrated 

sulfuric acid is a(ld,ed. :!:hel11ixture is wlEIJrnlecl until reaction cormnences 

I,: 
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and boiled down rapidly aftel' thE> iui tisl vigorous reaction has 

finish(1d .. ~Vhen the solution "begins to darken the flask i,., removed 

from the source of heat and small poz,Jiiiol:1s of conc2td:;:ra"ted nitric 

acid. are ad<~ed" followed again Ojr strongly heating;. t'his cycle is 

repEJateduutil ·th<il solu.tion, fails to darken and remains :pal0 YGllow 

in 00101'. Last traces of organic 1'li>J,tteI' aI'a dest.r'oY'i')(l by the actdi tion 

or small portions of hyd.rogen peroxide and successi VEl ilea ting 1L."l"hil 

the solutioi;, becomes g,ui"co colo:dess •. Af-ber sligh.t cooling of the 

solution in the flask 1'1, quantity of 10 !fil of water is added f1nd the 

After cooling, again 5 ml of water are added and the r301u'i;;ion is 

boiled. clown tm.<til ",,'[hi te f'UIl1.es of sulfur trioxide appGfl,:l;'. fl'hen, 25 m.l 

of watG:lr are added to the solution which is tl~el1 boiled gently 

until oleal'. l~he final solution is <l;ransfe2>r(~d into a ;~'50 illl beaker 

ql1.antitatively, diluted to a volume of' abou't 8G ... 1 '~7i'th water, and 

Oil'.:J ml of a :a/i0 si1;;0:(' 111 "t;l'atesolutio:l'l and ;,2 till of a 10 / ammonium 

persulfate solution are a(W.ed. This mixtul:'e is boih;d t~or about 

1·5 minutes, allmJ!ed to 0001 aUG. dilu:tled. to 1CjO Tal in a measuring 

flask. 

Al0 ml pOl'·tion of this solutiu:tl is pipetted into a ml measuring 

oylinu.f)1.' and tiilutud to about 25 ml wi ttl. ·wgter. :2 :m.l of the d.iphenyl-

well, the solution is allo-
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0 ('4 r? 2 % ;:-
? % 1 7b 12 ~,.'/ 

/V 

0 100 100 100 100 100 

05 101 .. 5 103 105 106 105 

'1 108.2 109 '110 112 112*5 

2: 112 113 116 117 1'17 .5 

4 116 119 123 124 -125 

8 122 130.5 133 1')7 136.5 

24 131 154 .. 3 160 169 169'05 
5:<; ,- 160 197 203 210 220 

105 200 228 248 265 260 

144 210 239 261 215 
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TI1ViL (DAYS) 

0 

1 

3 
10 

Oli.CONTENT OF DYE) LHUJOR ('f,~) WITH LACTIC 

ACID COJ),PI'BNT OF 

0 IJi. ,0 2 of 
Ie; 7 7:~ 12 

100 100 100 100 

62.4 56.3 50 '44.2 

29.4 24.0 18.4 14.7 
11.9 9., 7.9 6 .. 1 

TABLE: 5 r~XPER:rMt:l\fTA1 DA TIL;. TQ FI G • V T!! • 

Tnm (J)AY8) eR-FIXATION ON' HIDE (ppm) WITH LACTIC 

ACID CONT~ia~'11 OF 

(] % 2 rrL 
/'< 7 % 12 ot~ 

/ 

0 0 0 0 0 

1 114 194 229 248 

3 322 352 372 377 
10 374 396 414 429 

TABtlt 6 EXPERBt~;:NT,A1 DA'j:A TO FIG. IX. 
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TUIE (h) RJ:;LA~?IV.~ LIGEE[! llR ANSWfI fl:lJ'ANO B OF DYi;. III mi' SA1VIPLEiS 

WITH LAC~:IC 11.01-1) CO.NT!,'lifT (J'<' ~J.X; 

0 % 2 t:/ ,v 5 >i~ 'I % "'0 10 % 15 ()~. 1:,. 

r' \J 10() 100 100 100 100 "100 

95 101 101 106 106.2 101.2 107.5 

"I 105.8 107 108 109.2 110 .. 2 11'11>5 

2 111.2 112:.2 115 .. 8 116.; 117,,8 120 

4 115 116 .. 5 12~'; 122.7 123,.0 123 .. 8 
8 121.8 125 131 132 133 .. 2 135 

12 125.3 129 .. 3 137 .. 2 138 13988 143~3 

24 133 .. 5 138 150.3 151 152~5 159.6 
48 147.0 157., 118 179,,2 182 190~3 

96 168.5 181 202 .. 5 206 .. , 228.5 238,,5 
168 193.0 205 234- 237 243 259 
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TIJ:.lli (h) C j:t ... FI1LATIOlii (ppci) 

0 0 

5 120 

.. 135 

1 .. 5 250 

2 340 

2.5 310 

3 365 

4 510 

6 560 

7 580 

8 515 
17.5 650 

25 .. 5 670 

TABL:l.'); 8 : 1!~XPEHINtEj:-JTA1 llA'l'A fro FIG. X!. 
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THiE (h) 

0 

4 

"f 

8 

24 

29 

53 

78 

'105 

'144 

168 

o 
A'l' 20 C 

100 

119 

..,. 

130.5 

154.3 

197 

228 

239 

55 

AT 37 0 c 

100 

129.5 

139.5 

193 

274 

404 
z 



( ~) 
". 

AT 20 0 C AT 37 0 c 

0 100 1 Q{) 

4 123 131.5 

7 142 

.. 8 1;; ... 

24 160 

29 ... 208 

53 203 300 

78 - 424 

105 246 ... 

11-:4 261 "" 

168 514 

S6 



RIDLATIVE LIGHT rl1RANS;\'iITTANCE (c~) 

AT 20 0 C AT 37 0 C 

0 100 100 

4- 124 134 

7 ... 145 

8 137 .... 

24 169 

29 .... 225 

53 210 323 

'78 ' 445 

105 265 

144 275 

168 514 

TABLE 14 
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'1'n'IE (11) 

0 

4 

7 

8 

24 

29 

53 

78 

i05 

144 

168 

o 
AT 20 C 

i{)O 

125 

136.5 

16905 

... 
220 

260 

282 

(0/) 
/~l 

AT 37 0 c 

100 

136 

147.5 

238 

330 

457 

168 

\-



( ) 

4 

5 285 

'7 • 
10 

230 

~;o FIG. XTX. 



TIli'1Fi (MIN) RBLATIVl!i LIGET 1:RAI~Sjj;1I T'.l'P~NCE c:) 

SAN!.PL}~ I SAMPLl~ 11 

0 .100 100 

15 102 102 

:SO 104f 2 104 ... 6 

45 105.8 106.4 

60 112.2 111.'" 

75 113 .. 1 11,08 

100 116.8 117·4 

120 121 121.8 

150 124 126. 

180 126.8 128'.8 

270 132 133 

;~O 131 137.3 

390 140 .. 8 141.0 

CR ... CONTBNT 375 367 

AFTER 5 DAYS (:ppm) 
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, , TllVIE ' (MIN) RHjLATIVEi LIGHT TRA1~Si\llITT,ANCI~ 

S,AMPLE I SMIPLE II 

Q 100 100 

1, 104 104 

30 1.07 108 

45 111 110.7 

60 115.5 116.5 

80 117 117 .. 5 

100 119.5 118 .• 5 

,120 120 121 

'150 127 126 

180 132 131.5 

210 134 133.5 

240 140 139 

300 146 146 

,60 151.5 152.5 

,420 157 .. 5 158.5 

", CR ... COi"TTIaf'l,l 

AFTEH 5 DAYS (ppm) 435 450 

TABLE 18: 1'~XPE:Rliii}n\rJ:A1 DATA TO ]Y1G-. XX!. 

61. 



(d.) . j.; 

S11lVIPLE! I I 

0 100 100 

15 104- 102 

30 108.5 106.5 

45 113 108 

60 114.5 111 

BO 111.5 114 

100 123 118 

120 129 123 

150 130 125 

180 135 129 

210 139 135 

240 144 142 

:;00 150 146 

360 156 .. 5 149.5 

480 440 
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