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FORWARD

The experimental work reported in the coming pages was
contemplated by Prof, W,F.H,M., Mommaerts in an effort
to find the forces that act in musecle contraction,
Parallel to his work on myosin and mmsecle contraction,
this work was run to find out the importance of the
resonance bond in proteins., Gelatin was taken as an
example, which may be an arbitrary choice, yet it
possessed the property of gelation which is a convenient
characteristic to handle, In his stay at Istambul
Universitesi in Istanbul in 1945 he observed that urea
inhibited the gelation of gelatin sols. This effect
could be @ue to the resomating structure of wree
similar ‘ot that of peptides. It might be, then, that
urea is attacking the resonance bond in proteins in
some of which causing denaturation, With this in mind
the experiments were planned and executed,

I em mach indebted to Prof, Mommaerts for his valuable
suggestions and care, I am also indebted to Prof. S, Kerr
of the Biochemistry Department and Prof, W. West of the
Chemistry Department for making it possible for me to
carry on the work, to Mr. Sarsdariean and the rest of the
Staff of the Biochemistry Department for facilitating
the wrk in their depertment, to Mr., David@ Azrek of the
Glass Blowing Department for making the unmvailable

g::: equipment, and to Mr, H, eiz, Secretary of the
stry De ent for typing the report.




Page 1
PART ONE
THE COMPOSITION AND STRUCUTRE OF PROTEINS
Table of Contents

I. INTRODUCTION
ITe CONSTITUTION OF PROTEINS
A, Composition of Protein Molecule
B. The Peptide Theary (Hofmeister and Fischer)
C. The Chemical Characteristiocs of Proteins
1, The free basic groups
2, The free acidie groups
3, Alcoholiec -OH groups
4, Sulfur
5. Phosphorus
6. Sugars, ete,

D. The Arrangement of Amino-Acids in the Polypeptide chains
d The Bergman end Niemann Periodicity Theory.

E. Protein Strueture from X-ray Diffraction Pictures
1, The Structure of the Polypeptide Ohains
a) Oorey's Model
b) The fibrous and globular proteins
¢) The fibrous proteins
2, The Value of X~ray Data
F, Proteolytic Bnzymes snd Protein Structure
@. Oonclusion,



Page 2,

PART ONE
THE COMPOSITION AND STRUCTURE OF PROTEINS
INTRODU CTION

The story of Proteins goes back in its beginning to prehistorie
ages, Some protein substances were known thousands of years eago,
History has recorded the msmufacture of gliue from skins, cheese from
mikk; the tanning of hides; the hardening of eggs by boiling and by
baking; the distillation of horn for ammonia and the elarification
of turbid solutioens by heat coagulation of a protein dissolved in
them; all of whiech are examples of proteins and their properties.

As leboratary mterials for investigation, proteins are not new
entries in modern chemieal research; for as early as 1839 the Puteh
chemist, Mulder(*, stressed the importance of proteins in the
constitution of the cell protoplasm. Since then it became recognized
that proteins are the essential solid constituemts of enimal and
plant tissue, No wonder, then, that this class of compounds be called
"proteins™ after the Greek word "protos” which means first,

From the beginning investigations on proteins followed mo planned
general system, Working on apparemtly amorphous compounds was no
easy enterprise, while proteins addéd many more difficulties to the
scientists, The lability to heat and many chemiecal substances as
well as their difficult preparation made proteins least attractive
to investigators., Proteins ecould not be identified from one another
through their chemieal properties, amd it is mainly through physical

means like solubility that proteins could be identified from one

ano ther, Then what property distinguishes them as proteins, a
distinet class of chemical compounds? The answer to this question had
to be sought in the chemical composition and strueture. Four elements
are always present in proportions that vary only slightly in
different proteins., These elements are Carbon, Hydrogen, Oxygen, and
Nitrogen, while Sulfur, Phosphorus, and traces of other el ts may
be found, Generally, proteins are of high molecular weights.Substances
with some claim on the name ‘protein’ may have molecular weights
between a few thousands and some hundred millioms. Typieal proteins
usually fall within the limits of 17000 (more often 34000) and a few
millions, On complete hydrolysis with acids and bases proteins yield
@ number of amino acids in various propertieas.

In recent years the physiological importance of proteins attracted
attention, while their use and industrial importance pushed them
further into the foreground of research.inereasing knowledge brought
with it the necessity of a elsssification of the subjeet; the
preparation and identification of proteins; the ascertainment of the
purity of tein samples and preparations and its identity with the
natural substance in the anime] or plant tissue; the = identification
of its composition and struecture, and the investigation of the
mechanism of its physiologieal activity. The isolation of viruses as

* Oited from Bodamsky, "Introduction to Physilogieal Chem.",1938, p .22
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homogenous crystalline protein substances that continue to
possessthe virus activity and reproductivity as well as the
discovery of the importance of engymes in metabolism inereased
the response of scientists toward a serious active approach

to the field of protein chemistry.

In this thesis no attempt shall be made to review the
classification of proteins oar methods of preparation and
purification as both subjects are beyond the scope of the paper,
Instead, the protein molecules shall be pictured as viewed in
modern i:l.tmturu. Mare importance shall be givem to fibrous
proteins, ani in the second part of the thesis the discussion
will be devoted to gelatin giving & review of what is known
about it of importance to its structure studies as well as a
report on the experimental work done by the writer under the
guidance of Professor W.F.,H.,M, Mommeerts of the Biochemistry
Department in the American University of Beirut, the work
being on the effect of a number of chemiecal substaneces on the

gelation property of gelatin. .
CONSTITUTION OF PROTEINS

Composition of the Protein molecule :-

The hydreolysis of protein substances yleld a number of
optically active ac-amino~acids or imino-acids, Leuecine and
glycine were mk isolated from protein hydrolysigcin 1819 and
1820 by Proust (2)* and Bracomnot (3)*. Cystine was described
by Wollaston in 1810 (4)* and isolated from proteins about
80 years later. No less than 28* amino~acids have since been
isolated from proteins, They inelude Mono~-amino-monocarboxylic,
diamino-monocarboxylic, monocamino-dicarboxylic, hydroxy-semino,
and sulfur or phosphorus containing amino-acids, All of the
discovered amino-acids are optieally aetive compounds when
isolated after the careful acid hydrolysis of the proteinms.
They exhibit levo-rotation of polarized light.

Simple proteins yield om hydrolysis only amino or imino-
acids, while the more eomplex tgroto!.nl may contain earbohydrates,
fats, nucleie acids or a prosthetic group like heme,

It 2% is apparent that the elementary composition of a protein
substance is dependent on the kind of its amino~-acid contents
and their relative availability in the protein as well as the
nature of the prosthetic group in conjugation with the protein
moleoule., In the simple unconjugated proteins we always find
¢, H, 0, N, and S, The percentages of these element do not
vary to a inrgo extent in the different proteins as may be
observed in the following example according to Osborne (27) in

* Cited from: Cohn and g.ll,'rrotoiu, amino-acids and Peptides!
1943, p.

+ Cited from: M. gz;eel,'muogiu1 and Clinical Chemistry', 1937
Pe
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1902 cited from Cohn and Edsall, "Proteins, @mino acids, and
Peptides™, 1943, p. 341.

Composition
Prato:lnf chf N : OES':P:
FIbrin : 52.7 : 6,8 : 16,9 : 22,5 : 1,1 -
Bdestin : 51,5 : 7,0 : 18,7 : 21,9 : 0.9 : -
Casein : 53,5 : 7,0 : 15,8 : 22.4 : 0.8 : 0,9

Formula

Proteia : ¢ : ® : ¥ : o : 8¢+ P : M.,
Fidrin : 645 1004.5 178 207 5 - 14708
Blestin : g2¢ : 1021 : 193:: 199 : 4 : - : 14523
Caseln ;70321150;130;334;,4;4;15932:

Preparations of pure préteins lacked enough evidence of
their molecular homogenity; so were mebhods of estimating
amino-acids of protein hydrolysate unreliable., While the
homogenity of meny protein preparations remain doubtful and
& few of the amino-acids could be estimated to within 34
error, theories on the strucutre of protein molecules have
nlruly been advanced depending on the more reliable data.

The tide Ho st and Fischer) :-

The hypothesis on protein strueture that is compatible
with most of our knowledge about proteins is that arrived
at simul taneously by Hofmeister (5)* and Fischer (6)* in
1902, It supposes that the amino-acids are bound toghther
in long chains through their e-amino and carboxyl groups
by peptide links, In their hypothesis they rely upon such
experimental facts :-

1. Osmotie pressure meesurements and ultracentrifugation
( in some special cases investigations of viscosity, e.g.,
Mommaerts, Arkiv for Kemi (1945?10 A Ne 17) picture a
very large molecule, In many cases the moleculsr weights
correspond to hundreds and thousands of amino-acid residues
in a single protein molecule.

2. The available eacié& and basic groups in a protein molecule

o

* Oited from C.Sehmidt,*The Chemistry of Amino-aieds and
Proteins®, 1938, p. 301.
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can be estimmted by titrometric methods, Results give too
low a value to account for all the amino-acid residues
present in the protein, showing that -COOH and ~NH, groups
are involved in the oonhnauon .

3. On the hydrolysis of protein substances equivalent
quantities of acid and basic groups are liberated.

4, Proteins give a biuret reaction which is given only
by compounds that consain the peptide bond,

5. Peptide union is encountered in nature, e,g. Hippurie
acid, CgHy.CONH.CH,,CO0H, s0 that it is not unreasonable
to suppose that it occurs also in the biosyntheds of proteins.,

6. Synthetic peptide and poly-peptides have been synthesized
and can be hydrolyzed by the specific action enzymes,

Before elabarating the peptide theoxy of Protein Struecture
into its modern form a review of the chemiecal characteristies
of the proteins will be introduced because they are the
outward evidence of the structure of protein molecules,

The Chemiecal Characteristics of Proteins,

Basic Groups:- §t has been mentioned in & previous
place é % the hydrolysate of many moteins contain amino-acids
that are decidedly basic, These are arginine, histidine and
lysine, consaining a terminal guanidino, iu‘nolo,
¢- amino groups respectively.

(a) ne:~- There is evidence that the guamidino
group eof nine in proteins is not bound in peptide linkage
with other amino-acids but is found free or bound with a
prosthetic group in selt linkage with acid groups from within
or foreign to the protein -olunlo. The evidende is taken from
the following experiments (7)*.

l, Nitration of the protein produces a nitro-arginine
similar to that obtained by the Q.Jntrutioa of free arginine,

2, The strongly basic prtein, elupein, has an
ecid combining capmeity equivalent to the total amount of free
arginine obtai ned after hydrelysis.

3. Unhydrolyzed protein givesa positive Sakaguchi

test (8)*.
(») un:- It is generally accepted thmt the
imidazole stidine is uncombined along the peolypeptide

chain (7)**, thrngh in glyeoproteins the polysacearide may be
joined L the peptide ehain through the imidazole ring (9)%**

* ¢ited from: ibid., p. 284
ﬁ** ibia., Pe 283,
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(eéglin and oghr Free Mnino Groups:- If a lysine
centei nign protein acid, no lysimne can
be obtained from the hyirclysate of the deaminized protein.

If a quantitative deamination is carried out in a Van-Slyke
apparatus for 25 min,, half as much nitrogen is liberated
than by the lysine fraction of the acid hydrolysate of the
protein when desminized by the same method (10).

Prtoeins that contain lysine residues react with phenyl-
isocyanete (11) to form the phenyl ubamino-ceampound

CeHg « NH,CO ,NH, CHg o CH, o CH, + CH, o CH(NH, ) , COOH

"o
while proteins like zein which de-me$ contain,lysine residues
de not, If gelatin is benzenesulfonated, then hydrolyzed with
formiec end sulfurie acids, at least 50% of the originally free
amino groups cam be accountdd for by the isolatien of
€-aminobenzine - sulfonyl-d-lysine (12}, In these experiments
we have good evidenece that the €-amine groups of the lysine
residues of proteins do not form a part of the peptide chain.

Unless the basic end of the peptide chain is a oline or
hydroxyproline ss is the case in the protwin zein (11), we
should expect a free a-smine group at one end of each peptide
chain, The Number of these amino groups to the total number
of gree amino-groups depends on the lengh of the peptide chain
and the number of lysine residues in each chain, In gelatin
only 4% of the total free amine groups can be assigned to
a-amino groups (12).

The Free Acidie Groups:-

ggb%s- Though the amount of diearboxylie acids
that can ted from protein hydrelysate iz large, the
protein iz only weakly acidie, This is besause the njority of
the carboxyl s not in the peptide chain, like the other
carboxyl of aspartiec, ghutamie, amd hydroxy-glutamic aecid
residues, are found as amides {hat split ammonia on hydrolysis,
In some préteins the ratio of NH; ~ N to carboxylic acid -~ N
is close to 1:}. In fact sn investigation of 15 proteins (15) *
shows that in 6 of them the deviation from the 1l:1 ratio was
10%, less then 50% in another 7 and in 2 proteins 80 and 140%
respectively to show that the amount of free carboxyl groups
vary widely among different mroteins,

It should be noted that the phenolic hydroxyl groups of the
residual smino-acids have base binding properties in the
presence of a strong alkali though it is probable that under
physiological conditions they behave as neutral groups.

* Tpid, p. 286.
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Alcoholie Hydroxyl Groups

Four amino acids are de€finitely known to conatin a Beta-
hydroxyl group, These are serine, hydroxy-proline, Beta-
hydroxy-glutamic acid and Boh-hyﬁroxy-a-mino-n-‘ntyﬂ. acid,
Their hydroxyls may exist free or esterified with phosphoric aecid
or in ester or ether links with other amino=-acids,

Sulfur

Of the four known sulfur conteining smino-ecids; cystine,
cysteina, djenkdlie acid, and methionine; more is known of ..
eystine and cysteine concerning their influence on the strucude
and physiological activity of proteins, The availability of
-SH groups in proteins ean be tested for by sodium nitro-prusside
(NagFe (CN)gNO,2H,0), It is observed that while some natural
proteins give a positive test, others give the test only after
dem turation and others only after reduction with cyanide. Certain
proteins like globin and brain proteins do not give the free ~SH
at all. Hence it is observed that in some proteins the -SH
groups are masked to be liberated only after denaturation of the
protein, In some proteins they are found as ~-S,S- groups
which liberate -SH on reduction, A great deal of work has been
reparted on the importance end the role of the ~-SH groups in

tein demnaturation, activation end inactivation which cannot

ineluded here, It is possible that the disulfide group ean
form a bridge between two chemically similar or dissimilar
polypeptide chains, or between two part of a folded chain,

ﬂo'ngom H

Phosphorus may occur in some proteins as casein where it
may be present in the phosphoric esters of hydroxyamino-acids.

Nueleoproteins contain a large amount of phosphorus which
belong mainly to the nueleic acid fraction where it is phosphoriec
acid residues, .

Lipoproteins like lecithovitellin of egg yolk contain a fatty
acid fraction which is unstable toward alcohol (18)*%, This
fraction is called a phosphatéd and is a combined glycerol,
fatty aeids, phosphoric acid and a nitrogen base,

Sugars, Polyuronic Aecids,

-

These are found in a variety of proteins like mucoids,
mueins, glucido proteins, ete,

The Arrangement of Amino Acids in the Polypetide Chain.

The Be and Niemann Periodiei :- On the basis of
ca ata eir choice, gman and Niemann arrived
at certain simple numerical relations that hold between the

* 1Ibvid. p. 292 (Rer, 85).
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amino acids in the proteins they investigated, They claim
that the total number of the amino-aeids in a polypeptide is
expressible by the formula 2% x 3% where m and n are integers
or equal to zero; and the number of residues of any emino-
acid is 2% x 30 where m and n are integers or equal to zero,
To this theory the fibrous proteins respond quite well and
examples can be found in the writings of Bergmen and Niemann
(23, 24, 25, 26), Bergmen and Niemann suggest, also, that
the response to their formmle implies a poriolieiw in the
arrangement of the amino-acid residues along the polypeptide
chain, This periedieity does not necessarily hold true even
if the formula 2@ x 30 for each amino~acid residue is correct.
The long periodic spacings revealed by X-ray diffraction
pictures of proteins renders a periodieity hypothesis attractive,
In somsidering such or any other hypothesis it should be
remsmbered that, so far, the date on the amino-acid content
of proteins are only approximately correet and the proteins
under investigation mmy not be homogeneous molecular or poly-
peptide species, This does not invalidate the Bergmen and Niemann
hypothesés, it may, ewen, lend support to it, A1l that can
be said about its eorroc%mu now is that it has been bern
immaturely, so cannot yet be acclaimed universally correet
but rem ius useful in the sidy of protein structare. Kratky
iodimted silk fibroin, in ueing heqvy centers of
di-iodotyrosine along *ho polypetide chain.X-ray pictures show
remarkable periedicity of the newly made heavy centres, The
periodiei ty found however, did not correspond accurately to
what mas to be expected fepom the tyrosine contents, This
discrepancy, $#£ is true, can be explained by additional
hypotheses, On the other hand, the result does not form an
ergument in favour of Bgrgain and Niemann hypothesis in its
simplest form. Guanidino groups of the arginine residues do
not give a quantitative Sakaguchi reaction. Aceording to
Roche and Morgue (13)* this is due to proximity of the guanidine
group to such funttiomal groups as ~0H, -S.Sv, and ~SMe.
Along the peptide chain, If this is true, it would be
suggestive of an orderly distribution of {ho arginine residues
with respect to the above mentioned active groups containing
amino-acids along the protein molecule, This observation lends,
%{ this form, sapport to the hypothesis of Bergmany and

emann,.

Protein Structure from X~ Diffraction Pictures:

The Struecture of tide chains :- #Miagrem, Né, 1, for the
structare of a fiEy u%ﬂa B pol ide ehain has been
proposed by Corey (27) on the basis of X-ray studbes on

glyeine (28), alanine (29), and diketopiperazine (30) erystals,
The bond es about the carbonyl carbon and the nitrogen

atoms are assumed to be 120° am in diketo-piperazine, Around
the a-carbon atoms, the bounds are assumed to be arranged in
nearly tetrshedral fashion, except that the C-O-N bond amngle

is teken as 116°, a memp- mean of the values found for

* Gited from : Brit, Ch, and Phys. Abs$. 1946, A IT, 628,
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glyeine (112°) and dikesopipesrrazine (120°), The fully
extended chain is coplaner with =C=0 oxygen atom, and the
«NH hydrogen atomsat®e in the same pleame of the chain, The
distance -10:: the chain ecorresponding to one amino-acid
residue is 3,67 A, Since the spacial configuration of the
groups around the a~-carbon atem on all smino-acids is

the same, the side e¢mins, R', R", R"*, etec, Attached to
the c-carbon atoms point alternately, first (R , R"*) %o
the left and wpwards from the plane of chain, Next (R")

to the right and dowmward from the plane of the chain,

Plage. 1

With X-ray diffraction data it is pessible to compare
Corey's model with actual protein erystals or fibers, which
have miere erystallingémicels. In such a study by tfn X-rays
proteins fall into two main groups, the fibrous proteins and
the globular proteins, The fibrous mroteins, e.g., silk
i s keratin, myesin and collegen, have X~ray pictures
that are not, in most cases, well derined and indiecate a long
mole cule utl': a short erossectional axis. €lobular proteins
give more deteiled X-ray pictures indjcating a finer
erystalline strucutre with an ellipsordal molecule which may
be fat or thin depending upon the protein in guestion.
Several ways have been devejoped to cortrust models from
X-rays pictures and the present position remains disputable,
Since we are concerned mainly with gelatin, the topie of tthe
second part of the report, the discussion will be limited to the
fibrous proteins to which gelatin belongs as well as some
globular proteins after dematuration by urea (31),

A number of fireous proteins obtained from different tissues
have been examindd; but all appear to belong to one or the
other of two groups.

(1) T™e keratin-myosin group (2) T™he collagen group.
Silk fibroin belongs to the first group and has been given
much attention in X~-ray studies, Silk fibres cannot be
reversibly stretched over a long distance so its molecules
represent an almost completely stretched form and should
therefore, compare well in structure with Corey's model ir
the latter is correct, For fibroin a marked periodiecity
along the fibre axis is found at & spacing of 7.0 + 0,2 A
which is double the lengh (3,5 &) of an amino-acid residue,
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suggesting & repeating unit of 2-amino-acids along that

axis., Since 3,5 A is almost the spacing for a completely shetthed
model, henee the X~ray picture is in agreement with the
non-o.{nstic stretehing property of silk fibreoin. iny
irreversible plastic, stretching of the fibre would, then,

mean a displacement in the fibre of the polypeptide chains

with respect to one another.

The fibrous protein, keratin of wool, hair, feather,
ete, also gives well doﬁneﬂ fibre diagrams, ihe tips of
quill feather give the best diagram that excell in
complexity and clarity many globular proteins and indicate the
high state of orderly erystalline arrangement (32),

Hal r keratin stretches reversibly when wet or when in diluse
alkali, So two forms of keratin can be distinguished,

Astbury calls them a~ and Beta~keratin, The fully extended
keratin which would resemble silk fibroin is the Beta~-form,
while the natural unstretched form is the a-keratin. Since
the stretching is reversible from a- to Beta~- no sliding
displacement of polypeptide chains with one another occurs.

On chan Beta-keratin into the g~form the folding seems

to takeron the plane of the chain for the side chain

spacings do not change on stretching.

Collagen of connective tissue, tendons, cartilage and
other tissue represents a £ieb fibrous protein which is

built on a plan different apparently from the plan of the
keratin-myosin group. Chemically collagen (and gelatinm)

has a high proline and hydroxyproline content amounting to

& little less than third, while glycine numbers about

another third of the tot‘l amino-acid residues of the protein,
The principal spacing along the fibre-axis is about 2,86 %
which . appears to correspond to the average lenghh of each
amino-acid residue along the fibre-axis, The back bone
spacing (between the polypeptide chains) is very diffuse

and amounts to about 4,4 &, end the side chain specing in

wet gelatin is about 11,5 i, Al though collagen fibres

are quite inextensible, the 2,86 4 spacing is much smaller
then the 5.4 % of the Beta-keratin., Astbury (33)*

proposes the model :- P~-G-R~-PG-R~ P-G~-R~ etoc,

where P (with the exception of one residue in eighteen)
stands for proline or hydroxyproline, G for glyeine and R for
one or another of the reem remaining amino-acid residues.

The model chain will, the, look like this:-

@H CHs NH N—CH

_?/ \C—NH/ \C/ \CH—C/ \c-.,
Q

[ g | I

0 R (o] o

The total length of P, G, and R. along the chain axis is
8,55 & (by calouktion). #his value, divided by three, gives

* @ited from : Cohn and Edsall;'Proteins, Amino-acids and
Peptides'; 1943, p., 327,
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2,85 % per reside which is in excellent agrFement with

the observed velue, 2,86 %, Thés model still awaits further
tests though it successfully accounts for the proline

and glyeine contents of gelatin,

up the situation, proteins may be of a molecular
strueture that follww the model constructed in the following
mnner :- The protein moleoule is composed of long polypeptide
echains formed by the peptide linking of a-amino-acids,
These chains are usually extended or partially extended.
They aggregate in bundles in positions parallel to one anothey
appearing as an orderly pile of plates or plajnes of chains
running parallel to one another, These planes may actually
be of very small dimemsions, through twisting of the chains.
The whole erys talline pattern may be ill developped, in
accordance whi4h with the diffuse character of the i—-ray patterns
The distance between the amino-acid residues is small
end &#iffers in proteins being 2.86 & in eollagens and 3,5 4
in silk f+rd fibroin., The :gaokbono spacings on the same plane
is 4.4 4 in collagens and 4,65 & in keratins, This spacing
contains the earbonyl oxygens and the ~NHe groups, so it s
supposed that the chains are bound together in that plane
by & reasonsating structure of the two groups, sometimes
ealled hydrogen bond, Between the plates of the pile lie
the side chains of the smino-acids in a spacing that
averages 10 4, Along the polypeptide chain the side chains
of the residual amino-acids point alternately dowmward
end upward. In the pile the plates mould be bound with
ene another by the functional groups of the side chains
ionizable or not as the ecase may be, By an orderly dis‘ribution
of the side chains two planes are produced one of which ean
be hydrophylic and the other phobic, The remaining
two sides of the rectangular cube, formed by the polypeptide
bundle, contain the x - - and ~COOH group at the ends of
the poimtito ehains, se may combine with one another
to lengthen the chain and the combination may be ioniec
when it is weak and easily hydrolpzed, or may be a mhdo
link which is strong, The protein would be hydreted or
wat by entry of water molecules into the side chain
spacings ionizing its ionizable groups and hydrelyzing
chain ends as well, thus finally disaggregating the
protein molscules [not the polypeptide chains) and bringing
them into solution.

The Value of X-ray diffraetion pictures is presently
very difficult to judge though it is hoped to increase
in importance and usefulness in the future., It should be
remembered that the models constructed after X-ray data
are interpretations of very few diffuse points in the
X-ray diffraction pietures which also change with the
methods of taking pictures of the erystals, The interpre-
tations are made by guessi what the sturcture or origin
of the spot on the pictureé is, then computing from the

posed sturcture what the position and intemnsity of the
spot should be, If there is reasonable agreement
between the observed and computed values, the approximate
assumed structure is modified and refined to give better
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agreement, This approach has proved difficult in
gotoiu as not enough is known about the sterea-

emistry of the protein molecules to permit an in-
telligent guess,

Proteolytic enzymes and Protein Structure :-

Before ending this section it is noteworthy to
mention the use of enzymes in the field of protein
structure, Enzymes appear to have specific action on
substrates, They would, then, be expected to be
useful in determining links in proteins by analyzing
the products of proteolysis. But proteolytic enzymes
can synthesize as well as hydrolyze, so doubt can be
thrown on whether the hydrolysis products are not
secondary products of synthesis from the primary hydrolysis,
ete. & greater knowledge of the specificity of enzyme
action to sulstrate condittion may yield in the future
important information about protein structure,

CONCLUSION :~ As is the case in all branches of orgenie

» the best test for the validity of a molecular
structure hypothese¢s is the complete synthesis of the
molecule by well understood methods. In protein chemistry
this is far from reslization due to the complexity of
its molemles and their lability and optical acitivity.

In recent years the effect of sujstances on proteins
has been yielding good information mseful in struecture
studies., The second part of %eet this repert deals with
and, example of a specific case, the study of the effect
of urea and related compounds on the power of gelatimm
of gelatin solutions and the relation of this effect on
the structure of gelatin molecules in agqueous solutions
at different hydrogen ion concentrations,
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INTRODUCTION
The Preparation of Gelstin :

Gelatin is prepared from bones, cartilage, hides and
tendons of enimals by boiling with water to dissolve
the collagens. Prolonged boiling will not only change the
collagen into gelatin but will ementually change it into
glue, The mrocess of boiling brings about a partial
hydrolysis of collagen into gelatin. Since the property
of gelatin depends on its histewy, no two gelatin samples
my be eonsidered the same substance, For this reeson all
the experimen ts made hy the writer were on a gelatin stock
of the produce of Merck Darmstadt, Germany.

The Properties of Gelatin :

cal rties:- In the dry form gelatin is
ob assy sheets or coarse powder. In solution
it is colloidal mroducing sols and gels at sufficiently
ligh concentrations, Its solubility is least at isoelectriec
PH 4,7. The solid gelatin can abporb many times its
weight of water while remaining ferm., Good grades of
gelatin have a light pale yellow ecolour which becomes
dark in poorer grades.

Gelation:- Gelatin seols gel on eooling, and the higher
eone, of the sol the quicker its sets and the firmer
the gel is, The time it take the sol to gel at a certain
temperature is not a simple proportionality with the
gelatin coneentration, Feldman reports* (14) that the
heat envolved during the gelation of the sols decreases
vhen the samplewm are repeatedly warmed to the sol and
cooled to gel. This may be a third of the original value
during the sixth cooling. Hence, in gelation experiments
the procedure mf for preparing the sols should be
stendardized with minimum mel ting of the stock solutien,

The time of gelation of the sol is also dependent upon
its pH, the slariest gelation time being given at about the
isoelectric point, so pH. control should be obserwed in
gelation experiments. This difficulty was solved by the
writer on the expence of the first difficulty, repeated
melting, It was found that the pH of the sols changes
appreciably with temperature, so the temperature at the
PH determination should be controlled and standardized.
In practice that is difficult to observe and as a
cmsequence appreciable experimentql error is introduced.

Viscosity: Variables in the viscosity of gelatin sols
are too meny., On charging the temperature of a sol the

* Br. ¢h, And Phy, Abstracts, 1942, I 59.
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viscosity of the solution does not come to an
equilibrium quickly especially when the temperature
drops., So in viscosity measurments standard
conditions should be maintaineéd,

&lmg% $omn : Gelatin is found to give an ab-
sorption spectrum between 2500 and 2300 R, 4
true light absorption is #ifficult to obtain because
of the @i ffuse mature of the dispersed light. The
work of Custers et.al., (16)* showsthat the light
absorption by the gel and sol is almost the same
except that the pesk 2500 & is lower in the gel state.
In the range of pH 2,5 to 8,6 the true light absaption
is independent of pH, while diffuse dispersion reaches
a mximm at the iscelectriec point. Aceording to
Custer et.al, the light absorption by gelatin is
independent of the ~COOH and -NH; functional groups of
the protein,

Refractive index : The transformetion of the sel into
gel produces an alteration in the refractive index N

of gelatin, N for iscelectric gelatin is found to
decreases) on standing. This is due to the formatien

of & flocculent precipitate that forms slowly and
separates. The refraction depends, also, on the history
of the gelatin, and upon its innizatien.

Light scattering : Light scattering by gelatin (Tyndall
o!ioc’ﬂ has been well investigated, Dhére and Gorglewski
found pruified gelatin solutions turbid at below 30°C.

and isoelectric pH. Raising the temperature or adding
base or acid diminished the turbidity. The turbidity

is maximum at 2.5% gelatin concentration. The variables
in this light scattering, then, are temperature, econc.

of gelatin and the pH of the solutioen, As & consequesnce,
it can be used to determine the isocelectrie pH. of the
gelatin sample, On mixing gelatins of different makXima pls-,
one variety usually shows predominance over the other.

The inerease in turbidity of gelatin solutions by
lowering their temperatures is limited to the pH range 4.5
to 7,5 for a semple of gelatin. This turbidity, is,
they,not linked directly with the phenomenon of gelation
as the latter can oceur beyond the pH range given above,

The effect on turbidity produced by H+and OH is also
produced, though less effectively by neutral salts and
oeﬁnin nonel ectrolytes such as alcohol, urea and amino-
acids.

* Cited from ¢ gag;w;&oﬂhuiaw of Amino-acids and Proteins
» Peo

(9 " ¢.Schmidt, Chemistry of Emino-acids and Proteins
1938, p.563
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Krishnamurti (17) carried out a study of the
redation of temperature and concentration of gelatin
with light scattering. Light scattering by 2% sol
is not changed on ecoeling from 50° $o 25°C,, but
below 25° there is a steady inerease in turbidity.

The rate of change of scattering is not the same as
when the gel is warmed. On cooling the 2% sol the
abrupt change in scattering occurs between 25° and 10°
while on melting the 2% gel the same reversed change
occurs between 18° and 28°, which is an expression
of the time lag in the rate of change of light
scattering. The light scattering by the sol increases
in intensity to & meximum at 2% gelatin beyond which
there is no increase with inereasing concentration.
In the gel state beyond the 2% there is a decrease in
intensity of scattered light.

anul Rotation : In its optical rotation property
gela 8 not a good example of proteins being unique in its
behaviour and dogs not show the variations with pH, common to
other proteins, According to Kraemer and Fanselow (19) the
change in rotation produced by pH. cannot be correlated with
influences arisi from dissociation, Their work as well as
that of Smith (20) indicate a strong parallelism between the
changes in optical rotation and sol-gel transformation., At
above 35°the specifiec rotation is constent and independent of
concentratibn, pH, , and temperature of gelatin in the presence
of some electrolytes, Cooling to 30°produces a large increase
in the levo-rotation of gelatin, which continues for several ée
days at that temperature until it attains a constant value,
Below 15°a further temperature lowering produces slight changes
in rotation, In the opinion of Smith the changes in the regionm
of 30 to 15°are due to mutarotation, the phenomenon being
reversible by chagpging the temperature, This behaviour of
gelatin led Smith to postulate the existance of two forms of
gelatin that are in thermal equilibrium with one another, one
existing in the sol, the other ig the gel and each being cha~
racterized by a distinct specifie rotation value, The sol
form should be unstable below 30°and the gel form above 15 .
Since the course of the change in the rotation followed a
second order reaction, he assumed that the sol molecules/imnk of
associate into gel -oioeulos. It is not needed to Torms of
gelatin as two chemical substances, for the optical rotation
of a compound depends on the presence of other pelar compounds,
So simple association or dissociation of the gelatin molecules
or its polypeptide chains will probably influence the rotation.

Rotary Dispersion : Carpenter and Lovelace (21) made the
most complete study on the influence of neutral salts and urea
on the rotary dispersion of gelatin, There is refation between
the rotary dispersion and the absorption spectrum of gelatin,
in its simplest form this relation is cqntrelled by a single
term Drude equation which locates 2200 A as the wavelength of
the gelatin absorption spectrum. At 40°the dispersion const-
ants bear a linear rolgtion to the céncentration of the halide
salts or urea, At 0,5 the relation gives a cusve composed of
two parallel lines that meet in a form indicative of associat-
ion or dissochation, From this Carpenter et., al, conclude
that the transformation embodied in the change involve associa-
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tion or dissociation, Estimation of the number of optically
active components in gelatin indicated two which is a confirm-
ation of their theory, L, pauling* remarks, ' if the changes
in rotation depend upon an equilibrium between a state of ass-
ociation and that of dissociation, then the same effect as
brought about by temperature and halides should be brought about
by changing the concemtration of gelatin, It is more likely that
one gelatin is ik two tautomeric forms which have different
optical properties, *

Agents that inhibit leve-rotation of geleatin also impairg its
gelation reversibly or irreversibly, Heating gelatin at 140°for
a few minutes net only destroys mutarotation irreversibly but alse
destroys the power of gelatin to form gels irrepairably. The
influence of salts was investigated by Carpenter and his coworkers
The salts of weak organic acids have a little inflgence while the
neutral salts followed the Hofmeister series ( CNS™>I™ Br= c1”)
in their $mfiwemee capacity to lower rotation. Their effect as
well as that of urea is paralleled by @ similar inhibition of
gelation, their effect being reversible, i.e., on their removal
by dialysis the levo-rotation is recovered,

Chemical Properties of Gelatin :
ITE?'?II‘EE?E%SIIi'oceuring proteins, gelatin iz amphoteriec
as evidenced by its acid and base binding property. 4s it is

composed of acidic and basic amino-acids, the titration ecurve for
gelatin, illust, I , corresponds to that of a mixture of the amino
acids tﬂat make it, Tllustration II gives the amino-acid content
Of a ’#Pl -t

ol
-t
-
-

£ b
mh
-y

containing ©-02M KA, Eevennes
I1lust. I :(10 The titration curve of gelatin in water, (2) in
80% ethenol, (2a) is derived for 2 without KCl (3) in i% formal-
dehyde slut{on. Reproduced from Cohn and !dsali,'Protoina, Amino-
acids, and Peptides’ 194Sé°p.493 based on data of Lichtenstein,

I., Blochem, Zeit., 303, 20 (1940) in Webers laboratory.

——

* Cited from Schmidt,'The Chemistry of Amino-scids and Proteins’
L938, p.593,in a personal communication to the book's auther,
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TAmino-acld: Mol, Wt.: % Of amino- acld residue;

-
-

:Glutamine : 128,06

S.44
: Total 90,47
hﬁgﬁ};% Imino-acid content of gelatin., reproduced
rom Cohn a

sell, 'Proteins, Amino-swids,and Peptides’,
1943, p. 368,

The Structure of Gelatin Molecules :

TGlycine : 57,08 19,38 :
tAlanine : 71,04 $ 6.94 :
:Serine : 87.08 - 2,73 :
tThreonine : 101,10 : 1,19 :
tLeucine, : : 3
: and iso- : 113,08 : 6.12 s
:Proline : 97.08 : 16,62 H
:0xyproline: 113,08 : 12,42 :
:Phenyl~- H : $
: alanine : 147,08 : 1,25 :
:Cystine : 282,18 @ 0.17 ]
tHistidine : 137,08 @ 2,60 @
tArginine : 156,08 : 7.78 :
:Lysine : 128,08 : 5,19 s
tAspartic : s H
: secid : 115,08 : 2,94 :
:Glutamie : < g
: aecid : 129,08 : 1.70 $

A number of investigatord have shown that gelatin is not a
homogeneous protein, It represents a mixture of degradation
products of colltsog. Its properties are dependent on its history,
Mosimann and Signer™®(24) in the Svedberg institute report two
gelatin fractions of mol, wt. 89,000 and 16,000 characterized by
the determination of sedimentation constants in the ultracentrif-
uge, The former (HF1l) consists of lattice type molecules and the
latter (VI)of shert straight chain or branched chain type molec-
ules, After fractionation (HFlL) still showed polydisperpion while
(VI) appears quite unifosm, It appears, then, that a hypothesis

on the structure of gelatin is difficult to formnlnto. So far
no one hypothesis could explain all the facts about gelatin, It
should also be remembered that not the same gelatin was used in
all the experiments from which date was obtained, e.g.,the iso-
electric point of various gelatins range from pH. 4.4 to 8, The
‘situation can be summarized in the fellowing:

Gelatin appears to be composed of long and short fibrillar
molecules of molecular weights ranging from 16200 or lessto 89000
or more, These molecular species scem to have different character-~
istics and each of them of unknown chemical compositien, It is
not possible to say if at any particular state of gelatin they
are combined with one an#ther., Two kinds of molecules are claimed
to exist one being the produet of association or dissociation of
the other, It is also claimed that, optically, there is no
difference between the molecular species that can undergo muta-
rotasion, one form stable above 30°and the other below 18, while

* (Cited from Br, Ch, and Phy, Abst,., 1945, III, 316,
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any substance that produces mutarotation will disturb the balance
between the sol and gel ferm states, Little is known of the
reasons of gelation, It does not seem to be binding of wa ter,
though water may be bound in gelation., Busse* has an explanation
for gel fomation in general. In order that a system may have
elastic proertiesi® it should have, he claims, (a) long fibrous
molecules, (b) weak or uniform cohesive forces around the fibers,
(¢c) an interlacing of the fibers, (d) and & means of storing up
free energy when the fibers are iisttrtod. X~-ray investigations
show that gelatin gels consist of miscelles, built up from long
polypeptide chains which are loose at the emds, but bouna three
dimensionally at the middle, The loose ends form the means of
attachment between miscelle and miscelle, The opacity produced

by cooling gelatin sols at the iso-electric point is not directly
related té gelation nor are the reasons of its formation kmown.,
The experiments reported in the section, 'Experimental®, indicate
that some substances inhibit, others promote, amd glucose has no e
effect on gelation, As gelation is tied up with rotary dispersion
it would be interesting to compare the effect on dispersion

caused by these compounds and their influence on gelation, 1In

the process of gelation heat is evolved showing thas the gel is
thermodynamically more stable than the sol, In my opimion gelation
can be thought of in the following manner:-

In the solid state gelatin gives a very diffuse X-ray picture
with few clear spots in it, It means that there are in the solid
many lattice ceters, These centers are not orderly bound to one
another; instead ot of branching, twisting and interlacing may
exist., The lattice centers are composed of aggregates of long
polypeptide chains that are bound by residual valencies. If the
solid gelatin is soaked in water , a ligmid of high dielectric,
constant, the #me ionizable valencies are broken up or hydrolyzed,
and the miscelles are brokeh apart., when the amount of polar
liquid solvent is large, the dispersion is complete and the
gelatin is dissolved, When the residual valency bonds become
weak but still hinder the free movement of the miaeellqp i.e. the
flow of the solution, a gel is obte#ned. The addition®ef salts
may ionize or dssociate the gelatin miscelles producing an
inhibition or promotion of gelation but the phemomenon of salting
out and salting in is not well understood. nce the residual
valencies ineclude the possilility of hydrogen resonance bonds at
one of the planes of the miscelles lattice, it would be expected
that small molecules of similar resonating structures can
associate with the polypeptide chains at the site of the resonance
bonds, This would weaken the bonds so thet when the concentration
of the small molecules like urea is high enough the gelation is
completedly inhibited. This comdition is found true for a number
of water soluble compounds of high resonance energies like urea,
allyl-urea, thio-urea, thioacetamide, guanidine~HCl, s~diphenyl-
guanidine hydrochloride, etc, Thus resonating ecompounds influence
gelatin sol-gel trensformetion probably by hindering the resonance

bond formation between the aggregates of the polypeptide echains,

* Gited from : 0,Schmidt, 'Chemistry of Amino-scidd and Proteins®
P.449 (1938)
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wile electrolytes and polar solvents will hinder and in
some cases promote the acid-base bond formstion.

It should not be very @ifficult to verify this opinion.
E-ray diffraction pictures of gels containing urea and related
compounds should show a more diffuse and wider resonance bond
spacing while the inhibiting eleetrolytes should show wider
side chain spacings between the polypeptide chains,

Experiments to show the inportance of the residual valenecy
bonds and more particularly the resonance in gelation of gelatin
were planned, 7The inferences from the results of the performéd
experiments have already beem discussed in the preceding
paragraphs and a discussion of the experiméntal part follows,

EXPERTMENTAL

Methods aratus ipment, and Preparation of Solutions.

Gelatin stock solutions were prepared in 10% concentration
in buffered distilled water and titrated to the desired pH
valye by the eomponents of the buffer used., The buffers were
either a mixtmwe of 0.2 M Na Acetate + 0,2 M Acteic acid, or
0.2 M NapHPO, + 0.1 M Gitriec acid, or 0.2 M Ne,HPO, + 0.1 M
NaOH depending upon the pH value required as indicated in the
tables at the end of the report. To avoid excessive wastage a
small sample of gelatin would be titrated with the componenss
of the buffer to the desired pH, the amount of the component to
produce the pH is caleculated for the quanttity of gelatin to
be used in the stock solution, added teo the gelatin and the
volume of the solution wee made to 10% gelatin concentration by
the buffer, and the pH value of the delution checked. Gelatin
was melted the leest number of times and excessive heating and
rise in temperature wes avoided., Since the pH value for gelatin
solutions ehanged with temperature whiech could not be well
contreolled, about 30°C, was the average temperature at which
its pH was determined.,

The substances used for finding their influence on gelation
were used in solution form in the presence of buffer at equal
concentration to that in gelatin. All dilutions were made with
the same Buffer solution. Where buffering is not indiecated it
was not sed in any of the solutions which were brought to the
desired pH by the acid or base component of the electrolyte
used in the experiment,

The pH determinations were made by a glass electrode against
a calomel electrole of a Beckman pH meter,” Beckman instruments,
model G.' and the readings are accurate to the first decimal, the
second being an approximation. The instrument has a temperature
compensator and the temperature at which the readings were made
were not recorded but for other then the gelatin stock solutien
was ususally between 18° and 23°¢, The instrument is adapéed
to determinations of very,quantities and in some determinations
# cc. was used, small



Page 21

Since some of the reagents were in short supply and the
solutions had to be at high concentrations, the volumes of
solutions used in the gelation tests were necessarily smmll.
For the purpose of volume measurements capfllary pipettes were
spodallg constructed and ealiberated at 0,05 cc, graduations
with total capacity of 0,6 ce., 0,2 cc,, and 0,1 cc, . 2 c¢c., and
4 cc., beakers were made for the pH determinations imx and ss
tubes of equal dimensions diameter and make,were used for geloton.

In the gelation experiments all the samples for testing were
kept in a water bath at 37°¢ for about 30 minutes and then
immersed in the eooling bath kept at 10°C, The aceuracy of the
heating bath was unnecessarily high * 0,005 °C and the accuracy
of the eooling bath was * 0,08°C, Tie heating bath was a
Fischer Scientifie Gompany model with an ether-mercury thermostat
The ecooling bath was constructed in the laboratory out of rmsXmim:
reclaimed meterial, ~€Cooling was produced by immersing in the
water a eylinder containing chipped ice and the heating wes by

a2 125 W, heating knife, thermostat immersed in the bath
kept the temperature at 10° by balaneing the heating with the
eooling. The thermostat was like the heating bath one but
contained ethyl cechloride instead of ether. It was connected to
a 7 volt source of current and to the il of an electric bell,
In the electric bell the 7 volt curren€ was made to run through
xxparatekyx the coil separately and the heating current eircuit
passed thru the arm of the bell., In this arrangement the bell
acted as a relay closing and opemning the heating cireuit by the
lowering er rising, respectively, of the mercury column in the
thermos tat.

As gelation is not a sudden change of state especially in the
apparently dilute gmaX gelatin solutions where the gel never
becomes firm, the sol was considered changed to a gel when
it did not ho- any more in the tube., A stop watch was used
to measure the time in minutes and seconds its takes the sol
to become gel on eooling.

iments and results

At the beginning of the work no systematic study could be
immediately made. The influence of temperature changes and
g clanges had teo be found and evaluated and then regulated.

e di swovery that 2 new compound was reactive one way or the
other mede place for more experiments or the testing of new
reagent compounds, Some of the chemicals arrived bater in the
course of the investigations and some others were found effective
later too as in the case of sulfates, Thioacetamide and
s-~diphenyl-gudnidine .HCl. In the case of Thio-acetahmide
Mr, Heller, working in the same laboratory, found it qui%e
effective in lowering the viscosity of actomyesin solutions,
This suggested its use with gelatin, and it come out to be
highly prohibitive of gelation comparable with the strongly
effective Thiourea and guanidine hydrochloride., At one stage
in the developement of the experimental methods viseosity
was hoped to be an easier problem to tackle and the experiments
would invelve less errors than the gelation experimenss, The
idea was experimentally investigated. An Ostwald eapillary
pipette was used for the viscosity determinations, and a trial
was made with solutions of urea containing different percentages
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of gelatin to obtain the more suitable concentrations. The
solutions were kept in the ice box and when used were heated
at 37° for 30 min, and their viscosity determined at 23°C,
At this tempersture the viscosity was not constant; these was
a time lag with rate of cooling, and the extent of the lag
differed in the different solutions, To get consistent
vi scosity measurements ean arbi trary set of conditions had,
therefore, to be chosen and being arbitrery the situation with
viscosity was not better than that with gelation errors.
Purthermore, with geletion experiments there was the techniecal
practice ninod in several months of investigations; also in
viscosity experiments large volumes of solutions invelving
lotge quanti tiew of scarce reagents made the vidcosity
investigations undesireble,

The factors involved in affecting the gelation time were
found to be (a) the previous history of the gelatin solutions
(b) the accuracy in preparing the solutions and in wolwwie ;
measurements (3 the pH of the solutions hed to be the same
for each investigation of the effect of concentration of the
reagent on rate of gelation (d) the constaney of the temperatum
of the eooling bath and (e) the definition of the gel state,
i.e. when the solution can be considered a gel., Other minor
factors were also previouldly considered, Many experiments,
whose results’ hot mecoerded im this paper, were performed to
econtrol the five factors mentioned above, The procedure was

then standerdized and the me thods used were explained in the
preceding section,

It mas contemplated to study a large number of urea and
related compounds, Unfortunatfly, = a number of them were
insoluble or slightly se., Of these it is possible to mention
acetyl methyl urea, methyl iso-thiourea sulfate, thio-
semicarbazide and several others, A few were soluble only
in acid medium and their use was limited to that condition.
Semi carbazide HCl showed & definite and marked »y prohibitive
effeet on the rate of gelation; but as it is acidic and the
pH of its solutions cennot be controlled without unsurmoun-
table difficulties, it was dropped out of the list of
substances %o be investigated, The list of substances
investigated ineludes :~

Urea, Methyl urea, allyl urea, thiourea, guanidine-HCl,
s~diphenylguanidine HC1, cootuiie, thiocacetamide, glycine,
alanine, KCl, KNOy, KgSO,, NagS0,, MgCls.

The effeet of those compounds on the rate of gelation of
5% gelation sols, in some cases 3% gelatin sols, with or
without buffer ws studied at the pH values 4.7, being :
supposed to pethe isceleetrie point of gelatin, 8,0, 11.5, 3.4
and in some cases about 2,7 instead of 3,45. The tables at
the end of the report give a complete record of these
experiments and their results, The diagrems of curves (after)
preceding the charts represent the results of the experiments
expressed in ceartegian coordimates and grpphical lines, Bach
eurve is labled with the nmame of the reagent whose effect
on the rate of gelx tion it represents, also the no, of the
chert from which data used for constructing the curve is
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men tioned, In some of the diagrams a gelatin eurve is
drawn, These gelatin curves are for the time of gelatien
of varying eoncentration of its solutions with no reagent
but buffer added to it. It will be noticed that the curves
of the rate,of gelatin are drawn for the time of gelation
against tjh_m%nr concentration of the added reagent,
(& geiaion

The influemde of the compounds, considered, on gelation
can be classified into thpee classes (a) inhibitors,
(b) promoters (e) neutral. The following is & list of the
compounds used in buffered solutions in the order of their
decreasing inhibitive effect, and reference is made to the
number of the diagram in which the curves for the mentioned
compound s appear for closer comparisien.

pH 4,7, Acetate buffer. diag.2, Qﬁ gelatin: -

s~ diphenyl guanidine HCl, tBhiourea, Guanidine HC1,
Kllylurea, urea, KC1 and Methyl urea, acetamide (KCl is more
inhibiti ve than me thyl urea above 1.54 molar cons,

PH 5,45, Citric acid ~ Na.Phosphate buffer, diag.3, 5% gelatin:

s-diphenylgwanidine HC1l, Thiourea, Thiocacetamide, Guanidine.
HC1l, Allylurea, Urea and Methyl urea, Acetamide and KCl (Urea
is more inhibitive than methylurea above 0,6M. concentration,
and KCl is more inhibi tive than acetamide above 1,0M. concentra=
tien.

pH 8,0, Citriec acid - Na,Phosphate buffer, diag.4,5% Gelatin:

Thiourea, Thioamcetamide, guanidine HCl, Kllylurea, Urea,
Methyl urea, KCl, Aceteamide. (Urea is more inhibitive above
0,6M. conc, than Methylurea as at pH 8§,45) Glycine promotes
gelation,

pPH 11,5, NaOH - NagHPO, buffer; diag.5, 5% Gelatin:-

Thiomwea, Guanidine HCl, Urea, KCl.

What follows is a discussion of the results obsained in the
gelation experiments. Because the rate of gelation of gelatin
solution changes with concentration and hydrogen ion concentra-
tion as evidemnced by the gelatin curves in diagrams 2,3,4,and5.
etec,, a comparison of the effect of the compounds under imxmmtiz
investigation cannot be directly cempared at different pH.

values, A4 method had to be developed and the easiest and
apparently justifiable method will be explained and used.

The explanation shall be by an example taken from dia 2.
and appears in diagram 13. In diagram 2 appears a gelatin
ourve which stands for the change in the time of gelation for
a change in the gelatin concentration., In the same diagram
the Allyluree curve indicates the change in the rate of
gelation of a 5% gelatin solution for a chgge in the quantity
of allylurea added to that solution. It will be noticed that
while untreated 5% gelatin gels at 10°C in 75 seconds, the
same solution but containing allylurea gels at more than 75
seconds, Eventually the addition of more allylurea will
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completely inhibit gelation and the curve becomes paralled

to the time axis, The same effeect as produeced by allylurea
end other inhibiting agents is produced by decreasing the
econcentration of gelatin solution, It is therefore assumed
that the allylurea decreases the concentration of gelatin
capable of forming @ gel. This is not necessarily seo

because in reality the gelatin molecules may not be divided
intaggregating and completely disagregating forms but the
effect of allylurea may be to weaken some bonds that act in
aggregation whieh is probably ths case. Since in both
explenations the statistical result as to the inhibi tdng
power remains > 7 the same the first assumption is made use of.
To show that the damage done to the gelatinn is dependent on
the amount of reagent and not the concentration of gelation
used in the sclutions a trial with thiorurea, guanidine.HCl,
and KCl was mmde at pH 3.45 in which a molar conc, of these
reagents was chosen, kept constant and the econcentration of
the gelatin changed. The results appear in diagram8. A
gelatin curve was made and a curve transformation was made

on each of the curves of the three compounds, The new curves m
are shown in diagram 9., as an example of how memg curves 9
were constructed, we take Thiourea curve. At 9% gelatin

the solution containing thiouwea behaved as though it really
was of 6,5% gelatin concentration., It means that the

thiomwea 0,2 M., @ffected an apparent 2,4 drop in the percentam
of gelatin in solution, The same is made for other gelatin
concentrations and & curve is drawn, diag, 9, for the

apparent drop in gelatin cone, by 0.2 M. thiourea against the
actual gelatin concentration, If the effectodthiomrea is
independent of excess gelatin a straight line curve should

be obtained, that is almost true especially at concentrations
of less than 6% gelatin, Above this concentrations other
factors may also be effectimg the gelation, Notably the

fact that the xaxsmmt contribution of the non-gelating gelatin
to the viscosity of the system cannot be neglected,

especially at higher concentrations, This increase in
viscosity would promote the early setting of the gel, The
assumption that the effeet of thiourea, guanidine.HCl, and

ECl in appearently diminishing the concentration of gointin

is independent of excess gelatin coneentration and depends
upon their concentration is mimesxtrxrs- appreoximsbely elmost
correct and is also probably so for other compounds.

Returning to the Allylurea curve of diagram 2, a curve
transforma tion ean therefore be safely made for it and in
which the molar concentration of the Allylurea is drawn against
the apparent decrease in gelatin concentration amd the new
eurve appears in diagrem 13, This eurve is important

because the real gelatin concentration is eliminated amd it
reppesents the disaggregating influende allylurea has on the
gelatin, Similar curves can be drawn for other pH values and ¥
the effect of pH on the disaggregating activity of Allylurea
can thus be studied. Suech curves were constructed for all

the reagents appearing in diagrems 2,3,4,and 5. and are

shown in diagrams 13, 14, 15, and 16 with the exception of the
gelation promoting anino~te1‘ glyeine, A discussion of each
of the reagent comppunds will now be made separetely.
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UrSe :- was investigated at pH 4,7, 3,45, 8,0, 11,5,
It was prepared in concentrated solution ror neh PH value and
the results appear in charts 2, 16, 31, and 41 and as
curves in diagrams 2, 3, 4, ani 5. It is noticeble that the
approximate minimum raquirmnt to completly inhibit the
gelation of 5% gcuun is 1,6 M. at pH 4,7, 1.2M at pPH
3,45, 1.4 at pH 8,0 and 0,45 M. at pH 11,5, Diegrems 13,

:[5 and 16 econtain the curves of apperent change in
goiatin concentration with inerease of urea concentration
at the four pH values, A comparison of these curves indicates
an apparently irregular change with pH with pH 3.45 the mos®
reactive medium other than pH 11,5 whose curves are not
complete for any importent change of concentration.

Methyl urea:~ charts 3, 17, 32, investigated at pH 4.7,
ctivity is grntest aé pH 3.45 wi th the other
tn pH valuoa almost similar,

nal-u := charts 4, 18, 33, investigated at pH 4.7
and 8,0 Mnuty is gm%oat as pH 3,45 and similar
at othor acidities mentioned,

!hioum'- charts 5, 19, 34, 42, investigated at pH 4.7,
,0, 11,5 and found more inhibikiey at pH 5.45 though
the tendeney at pH 11.5 is toward a greater inhibition.

Guanidine,HUl:- echarts 6, 20, 35, 43, investigated at Ph
T!—!'Bf"a'.o 11,5 and found least active at the akaline
pHs Yanl Moat siates wt pE 4,7.

s-diphenyl nﬁim HCl:- charts 7, 21. investigated at
other pH valnu s-diphenyl nidine

is 1nloltb1c aml ecould not be tested. Its inhibilitg acsivity

wag greater at the isocelectric pH mnlike the first 4 comp-

ounds, It should bé remembered that it is a salt and in

behaviour reacts like its relative guanidine hydroechloride

another neutral salt.,

uoﬁu :~ eharts 8, 22, 36, at pH 4,7, 3.45, 8,0. It
y more meﬂu at thc acid sid- of the isocelectrie
PH and its reactivity at pH 8, and 4,7 is almost xx the seme,

Thioacetamide:~ charts 23, 37 et pH 3,45 and 8,0. Again
a slightly greater reactivity appears at pH 3,45 especially
at the higher concentrations,

xcl = charts 9, 24, 38, and 44, Another salt, investigated
4.! 3.45 8.0 end 11 S5, egein has a higher reactivity
gelatin isoelectric pH 4,7. See also chart 47 a,b,c,
rer tho tests without buffer .

KNOg :- chart 48, a,b,c. for pH 4,8, 2,6 and 11,65, ENOg has
3n 1Ehibi tive effect on gelation at all three pH values, and
is very much more inhibitive than KCl, and MgCl,; at all 'the
pH values investigated. Its solutions were prepared &o the
desired pH without buffer. Instead nitric acid and KOM were
used to adjust the pH values,
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S0, :- echarts 49 a, b, c¢. withoutbuffers at pH 4,7,

«8 at 11,7 also charts 12 for pH 4.7 and eharts 28 a,b
for pH 3.45 with Citriec acid »¥axP® Na,HPO, buffer.
When no buffer was used the pH of the solutions (charts 49
a, b, and ¢.) were adjusted with H.SO, and KOE solutions.
Tests were made with 5% and 3% gelatin. Results showed
marked promotion of gelation. At pH 4,7 where no buffer
was used and the gelatin econcentration was 34§ the promotion
was suddenly reversed at 0.25 M. K,S0,, but fmgm before the
time of gelatimn of 3% pure gelatin solution was reached a
salting out of the gelatin occured, Salting out was easier
&t the acid side of the pH and was always accompanied by
turbidity before the salting out stage occurred,

NagS0O, : charts 52 a,b,c. at pH 4.7, 2,8, 11,3 ~ 11,68, Its
so!ut!ons were not buffered and were brought to the required
PH with NaOH end H.S0,. High concentrations of Na.S0, could
not be obtained because of its low solubility. It u- - promot
the gelation at all 3 pH values,

%@r.m,o : charts 51 ea,b. at pH 4,7 end 2,8, Being
nsoluble in alkaline solutions it was not studied above pH
4,7. MgS0, was found to change apprecaably the pH of buffers
or gelatin solutions, It was, therefore, necessary to avoid
the use of buffers and as a result am a number of slats

were investigated without buffers, Like K.SO, and Na,SO,,
MgS0, promotes the gelation of 3% gelatin sols.

® 0 ¢:= Charts 50 a, and b, at Ph 4,7 and 2.75 was
us ne buffers. It was found inhibitive towards gelatin
gelation at both pH values but less so than KEOs as
previously indiecated,

Glyeine : at pH 8 in ecitric acid -NgHPO, buffer (diag. 4)
glycine proved %o be a gelation promoting agent, This proper-
tyvssretained at pH 11,5 in NagHPO, even thout at this pH it
should be present as the sodium salt, -t At 0,5M., conc, at
pH 11,5 (diag, 5) its gelation curve has a minimum showing
maximum promtbon after which its power decreased, Mjis
property of glycine, an amino-acid, made an investigation of
of other amino-acids important though limited by their
solubilbty. At pH 4,7 glycine is almost isodectric and is
therefore, zwttbterioenie, 3,45 it had started to be
@ positive ion and is less promting (by comparison of its
curves in diagram 6 and 7 with respect to the apparent
increase in gelatin concentration)

Alanine :- what was said about glyeine at pH 3,45 and 4.7
oan be equally said about alanine at the same PH values, Refer
to diagram 6 and 7.

Glucose :~ was the only compound tested and found unreactive
I.e., had practically no effect on thmx the rate of gelation
(it had only veryslight promoting effeet and has to do
probably with increase in viscosity bringing an early state
of gelation,) Refer to diagrams 6 and 7 or charts 11 and 29
at pH 3,45 and 4,7 in the presence of eitric acid -Na HPO,
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buffer,

In the hope of finding the importance of the functiomal
groups of gelatin in the process of gelatimn and their
redation to the effeet of the previously déscussed compounds,
it was desirable to obtain chemical variations of the gelatin
that has gelation properties in order to find the effect of
the compounds on thityn, & removal of the amino-groups was the
first to be thought of, Free amino groups exist at the end
of polypeptide chains, in the lysine residue and ix the
arginine residue where it is a guanidine group. Gelatin
was deaminized with NaNO, and Acetiec acid mi following the
method of Blasel and Metula (22) but forthe product the
Sakagushi test médified by Weber (25),was positive indicating
that the guanidino radical was not completely destroyed. Tle
deaminized gelation obtained in this manner could be easily
salted out at the acid pH by addition of saturated (NH,),SO,
solution,also precipitated with alcohol and acetone., It

econtinued to possess gelation properties that was impaired
by urea but its gelation was very poor in alkaline medium,
This modification of gelatin was not used in any quantitative
determination., An effert was mmde to destroy the guanidino
group, Alexander et.al. (26) report that acetic acid does
not produce enough acidity to destroy agx argining by
deamination with nitrous acid. The arginine was changed to
ornithine only in a highly acid medium produced by the
incprporation of 20% acetiec acid and 6% H.80,, It was tried
to apply this to gelatin and the pH wes lowered to 2,1 and even
0.5. The Weber modification of Sakaguchi test was still
positive agter 16 hours of deamination and eventually small
amounts of yellow substance precipitated and nothing could
be salted out, The yellow precipitate was not a gel nor had
gela tion properties, This reaction needs more investigation
end may be a ¥aluable procees., The Sakaguchi reaction was
then tried wdth NaOBr instead of NaOCl and by the time the
Sakaguchi test was nearing to negative a precipitate was
farmed that did not gel and was not further investigated
salting out wih Na.SO, yielded no valuable products and so
both attempts at complete: deemime tion failed.

The acetylation of gelatin was then contemplated.
Blackburn and Phillips (23) deseribed the methylation and
acetylation of a number of insoluble proteins inecluding
collagen, The same procedure for acetylation was applied
on eir dried gelatin ecoarse powder. The gelatin was covered
with acetic enhydride and refluxed for 4 an hour, much
swelling occured amd so much anhydride wam later added to
keep the gelatin coveredy The product was a deep lemon-
orange in ecolour, insoluble in water, soluble in NeOH in
whose solution dfd not gel at 0°C cn& showed no signs of
apparent increase in viscosity at -6°C. 4s all the
modifications in the gelatin were of little use and
because of the limited time,eof investigations were stépped
that far on this line of the work.

Interpretation of results

It was been cbserved that some substances caused inhibition
and others caused promothkon of the gelation of gelatin
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solution s, The imhibition being produced by a large
number of eomponds, electroiytoa and non-electrolytes, its

is not likely that the mechanism of inhibition be the same in
all the investigated cases.

It could be understood thet inhibition by the meutral
slats, KC1, m.,nﬁc;. etc. would be brought about by
preventing the io bonds of gelatin from functioning in
aggregating to miscelles together in order to produce an
elastic gel., The prevention may be by inereasing the ionte
diameters of the gelatin ions by the accumulation of the ions
of the added electrolyte around the gelatign imnic centres.
The larger ionic dieméters would loosen the electrostatic
bonds that hold the gelatin aggregates together in the gel.
With urea and the other inhibiting non-elec#rolytes, the
mechanisms of inhibition cannot be 2 loosening of the electro-
static bond, Because urea molecules have a resonating struct-
ture giving it e polar character it would be possible think
of the effect of urea by a weakening of the H-resonance
bonds thet may exist inbetween the polypeptide chains as

explained in Part, I. Urea could be written structurally in
two fomula forms,

i1;_N NHa* ¥ l*;LN NHZ

T 1
B -0

while the 4.5 4 spacing between the polypeptide chains of

a protein are supposed to be regulated by a H-bond which

are produced by resonating struectures of the peptide chain
very similer to that produced by urea and related compounds
as well as by the amides, Since the polarfty of urea is due
to its resonating struetures, if the resonance energy is

high enough, i,e., its polarity is well pronounced, it can
penetrate the 4,5 A spacing and associate with the
polypeptide ehains at the site of the H-bonds in the followeno
propsed menner :- '

NH o CHR NH €9

- +
1 + -
¢ N AR + Co
L NH _ KR o /O - PARRN
N Co/ Nnn \cuR/ \co/ AN NH
In this way the 4,5 A spacingswill be widened at the site
of urea interference where the bonds would beweakened and

the s of the gel would become poorer resulting in
complete inhibition of gelation in enough urea comncentration.

I the hypotheses giben above are true it can be predicted
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that whereas H-bogds should not show much dependence

on pH, the ionic bonds should heve an increesing importance
at the isocelectrie point of gelatin when the protein is most
completely ionized, and its importance is shown by the
Tastest gelation and firmest gel formed at the isoelectrie
point,

In comparative investigations at different pH values,
use is made of the curve transformations, previously
discussed, so that direct ecomparison becomes possible.

From the phypothesis it would be predieted that the
effect of the ions of the electrolyteds should be more
pronounced at the isoelectrie point as both anion an d@
mtion have the chance to inhibit gela tion although between
PH 4,7 and 8,0 not much ehenge is expected in accordance
with titration curve of gelatin, illust, I.

Inhibition by urea should by itself not depend much
upon the pH, but if the importance of the ionks bonds
decrease at the deviating PH, the relative importance
of the Hebonds become greater in produeing a gel and
terefore inhibition by urea and the related substances
wuld appear to increase., Not mueh difference is expected
between pH 4,7 and pH 8,0 as the ionie state of gelatin
is not very muech different as reveelved by the gelatin
titration curve, illustration I,

Enough experimental data are available to test the
_correctness of the prediections made from the proposed
hypothesis. The comparisfons of the transformed curves
in dieg, 13, 14, 15 and 16 are in good agrpement with
the predietion, It shodd be rememberd that though
guanidime,HC1l and its derivative s-diphenylguanidine,HC1
have high resonance energies there behaviour would not be
expected to be different from other inorganic electrolytes
@s observed in the experiments,

The results obtained with the salts are in agreement
with those obtained by other investigators on the modulus
of elasticity of the gels with mimim salts added.* Fluorides
and sulfates increase the modulus while chlrides and nitrates
decrease it, Fluorides were not tried in the gelatin
experiments, The behaviour of sulfates and amino-acids and
their salts cannot be explained in detail but it is known
that sulfates produce volume contmaction in solutiens.

in conclusion we find that the effeet of urea and related
compounds can be prediected and explained on the assumption
that they loosen the H~-bonds of the protein by associating
wi th at the site of the same bonds. It is also possible
o that urea has a freer movement inte the polypeptide chains

aela

* C ited from :Schmidt, *Chem#try of Proteins and the Amino-
acids,' 1938, p, 447.
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T
th'ough the side chain spacing 118 when the ioniec bonds loese
importance in aggregating the gelatin miscelles at deviations
from the isocelectrie point,

Experimental Errors:-

In the gelation experiments a large error
factor exists, 4As the time of gelation becomes larger, it
becomes difficult té distinguish the moment at which the gelatin
mass satisfies the gel definition, because the gel looses its
firmness as the gelatin oonoentra%ion is lowered or as the
concentration of the inhibiting substanée is increased, This
arbitrariness in the end point may be the ecause of appreeciable
error and its extent may not be equal in all the eg experiments,

The influence of buffer at the concentrations in use was not
investigated, Because each stock solution had to be brought to
the required pH, by the component solutions of the buffer or
component acid or base of the electrolyte in some of the exper-
iments, and since these quantities varied as well as variations
in the volumes of the stock solutions used in each test sample
it would be expected to have some errore because of this situa{-
ion,

As the gelation properties of gelatin solutions diminished by
repeated melting, which cannot be avoided, the results for those
substances that were tried at the end 'ouid be irrelevent with
those obtained at the beginning,

It is assumed that the time of gelation of the gelatin
without added reagent is the seme at all times, while this is
not so, This may be the cause of undue curvature of some curves
of diagrams 13, 14, 15, and 16 representing the érep appsrent
drop in the concentration of gelatin with increase in the cone-
entration of the reagent,

There could have been errors in measuring vélumes , especial-
ly those of the viscous gelatin solutions, This error would
bring about deviations of the experimental points from the smooth
curves of the different diagrams representing the time of gelatih
ion wigh change in reagent or gelatin concentration,

The extent of the above mentioned errors, whether they are
additive or diminutive, cannot be numericelly estimated. By
greater practice and more cautious work with more refined methods
it might bectme possible to reduce the errors and eventually
with the subject gquantitatively and mathematically. treoted .

Summary Of Part JI :=-

A short review of the physical and chemical properties of
gelatin that are of interest to the study of its molecular
structure and gelation was presented, This included & brief
account of its preparation, identity, gelation, viscosity,
optical rotation, rotary dispersion, and optical dispersiom
chemical conposi%ion and inferences on its structure and goiation
ineluding the conclusions from the experimental section on the
effect of urea and related compounds and some electrélytes on
gelation, “mech of the review was extracted from the book by
Carl Shmidtomn *The Chemistry of the Amino-Acids and Proteins’
as well as various other journals and reviews,
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The section 'Experimehtal dealt with the aim of the experim-
ents , being to find the importance of the different residugl
bonds in the aggregation of proteinsy more especially the
resonance bond, Gelatin was teken as an example of proteins
and its gelation property investigated in its relation to substa-
nces added to it, Urea, & nulber of its derivatives and related
compounds were investigated and their inhibitive effect on
gelation was compared at different pH. values, The same was done
with the neutral salts K01, KNO,, KgS0,, Nap.SO,, MgSO,, and MgCl..
The sulfates promoted gelation while the other salts imhibited it.
Glucose had praectically mo effect on gelation., Alanine, and
glycine and its halide and sodium salts promoted gelatiom at
acid, isoelectrie, and alkaline pH, The inhibitive reagents were
divided into two classes, electrolytes and nomn-electrélytes,

The effeet of the former was said to be due to the severing of
the ionic bonds that aggregate gelatAn and is dependent on the
electrostatic condition of the gelatin molecules, the effect of
the latter was attributed to their attaking the resonance bend
which by itself should be independent of the ionic condition of
the gelatin molecules , It is also suggested could be verified
in the future , if it is true, by X-ray diffraction pictures
which should reveal a widemed resonencecbond spacing and the
peints that correspond to them should appear more diffuse than
they normally are.in the presence of the non-electrolyte inhibit-
ors , while they should be unaffected by the electrolyte
inhibitors.

Ten sheets of diagrams (Graphs) , Twenty three sheets of tables
and a sheet of bibliography follow in respective order,

- -



L0 OF GLLAPTION OF GELLIIN SOLUTIONS AT pH.4,7%

ey — = T A a0 oolutions:-
| ©.o0 4 oc. ) ce. [Time of 1o of | Leetate buffer (.21
s aplefgel: tin|oufrerjzel: tionlgelatin i A7 o
[ ] |_L- ‘e
1 - - ¥ Fels 3 i 3
2. 0.45 | 0455 2 50 } 4.5 S e
S 0.40 | 9.00 ’ 3 425 4,0
4, 055 0.65 5 00 545
Bs ‘ 0. 51 0.70 T 240 540
. 0.25 0.75 § 7 :lo Bak ‘s
(5] ~ T be 21 veo Z
[ e Ue U Ca40 el 00 & e O .

feam UF GulaTION OF GUIc.TIN SOLUTIONS WITH Urdi. AT pH, 4,97 *

Ko.of [ ec. | co. | cc. [Lol.of|Time of | “olutions
L S AulikhelmtiﬂihuffaﬁlﬂrEd | ures | =l Llo:, relate Lu‘fe
’ I8 i { 1 ' wi 5 0.2 PH.. 447

0. t o.5c 0.0 |0,00 | 0.0 | 2 :15 | Gel:tin 10,. in
| 9 do. C.dp |D,05 0s2 3 o0 + £ vove puffer,
2 104 c.40 |0.l0 0.4 3 155 * Urez 41 1in
.—f" d0. O-/"B 0015 D-é 5 :L'.(‘ | \-‘l.""'.:' huffer
4, | do. 0430 |0.2 0.8 7 325 | ~1l sol u+ﬂ‘w e
5 do. cech (0425 l.0 | 11 200 | m de to pd. 4.7 .
B do. 0.20 [04.30 1.2 15 :45
7 do. [ ©.15 [0.35 | 1.4 22 :li_J

o Be 4 do. | 0.10 jo.do | 1.6 jabove 38] Chark No.2

%
Ty CF GUALATION OF GUIATIN 30LUTION. JITH LETHYLUREA
v B

no.of | co, cc. [0C.ueth-llcl.of[Time of | solutions:-
seanlefgelaetin| burfer|ylurea d=-ures|gelation .cetate buffer
I i 7T, r.o].-'cf_t. pH. 4,? .
0. 0.50 050 ©.00 0.0 2 :15 felrtin 10 in
1 do oLAG . p T above buffer,
. LU Cadr) Q.CD Do i .5} + atl M
X ‘ ‘ 2 . lethylures 4 in
Ze Q0 0.40 0.10 0.4 A i40 'bO:\T‘S bu{-f__,_\_r
3 do. 0435 0.15 (o] < 4 55 - b
4. d0. 0230 C.20 0.8 6 :3c
Se do. 0.25 0.25 l.0 8 :40
5. dos | 0lZo 0.50 | 1.2 11 :o00
7. do. | 0.15 | 0.35 | 1.4 | 13 :45
8. do. | o0.lo 0.40 1.6 12 :00 | Chort No. 3

* Samples were immersed for  hour in a water bath ¢t 37°C.
thien transferred into a vater bath at 10°C. = of solutions “ere
determined betveen20®& 25°C by a gless uluuv¢0db(J“CEmin vH.meter)

+ pH. of solubicns w8 corrected to 4.7 by the components
01 th"’ bufft-a-l- (O-u:-- IIL.",I'LBJEUZ & O.-—A- r‘..).-'UUU )
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OF GELLTICN OF GELATIN SOLUTIONS AT pH.4.7*

ho.of | ce, | ce. [Time of [% of
scaplejgelatinibuffer|zesletion{gelatin
1 "

l. | o.b0 0. 50 2 315 5.0
20 0.45 o P 2 t50 4,5
B 0.40 0.60 3 <25 4,0
4. 0035 DabE 5 <00 :05
Bie 0.0 0. 70 7 40 3.0
6. 0.25 0,75 9 :lo 2«5
Ts c.2o | c.80 } 21l o0 2,0

Rall OF GELATION OF GEIJLTIN

SCLUTIONS

Solutions:-

+

No,of cC. CO. cc. {lol.of|Time of
L s mplefgelatini bufferjurea | uree zelotion|
T 7y ]
O. 050 0.50 |0.00 | 0.0 l 2 %15
Ls do. C.45 [0.05 042 3 100
24 dos 0.40 |o.lo 0.4 3 155 [
B do. 0.35 (0,15 0.6 5 120
4, do. | 0.30 [0.20 | 0.8 | 7 :25
5 do. 0.25 [0.25 | 1l.0 11l :o00
Bia do. 0.20 [0.30 1.2 15 :45
Te do. 0«15 [0.35 L4 22 15
8, | do. 0,10 jo.40 | 1.6 j[above 38

RATE OF GELATION OF GEILATIN 3
at pH. 4.7

ALeetate buffer 0.2

PH., 4.7

relatin 104 in above

buffer

l Chort No. 4 *

WITH URE4L AT pH, 4,7 *

Solutions: -
Leetate buffer,
0.2/1 pHe 4,7
Gelstin 10% in
ebhove buffer.
Ures 41! in
above buffer
11 soluticns are
m2de to pH. 4.7 .

4
-+

‘ Chark No. 2

LS
OLUTTIONS WITH METHYLUHEA

tho.or ce, cc. |cc.ieth-]lMol.of [Time of | Solutions:-
sample|gelatin| burfer{ylurea lH-urea/gelaetion scetate buffer
i » 0, M p}':. 4::7 .
0. 0450 0.50 0.00 0.0 2 :15 uztbggnbtg¥ein
1. do. 0.45 0.05 0, < 155 [+ Methylures AM in
2% do. 0+d0 o.lo 0.4 3 40 maboge buffe; .
B dos 0.55 0+15 0.0 4 :55 :
4, do. 0.30 .20 0.8 6 :30
54 do. 0.25 0.25 1.0 8 :4d0
6. do. o3co 0.30 2 1995 11l :00
T do. 0.15 0«35 1.4 13 :45
. i _do. [ odo ] o.t0 | 1.6t 19 100 | Chort No. 3

* Samples were immersed for % hour in a water bath =t 37°C.
then transferred into & water bath at 10°C.
determined between20®& 25°C by a gless electrode(Beckman pH.meter)

+ pH. of solutions w8 corrzscted to 4,7 by the components

of the buffer*(o.2ld N3530202 & 0.2M GHB

+C00H )

pHE of solutions were



JIDINE ,HC1*

Solutions:-
Leostate buffer

0.2, pH, ‘4.7

+ Gelatin 1loj in
above buffer

+ s-Diphenylgman-
idine ,HClo,4m
in above buffer

Chart No. 7

“ITH ACETAMIDE

Solutions:=-
scepape bulfer

RATE OF GELATION OF GELATIN WITH s-DIPHENYLGUAI
at pH. 4.7
No.of| eo, | cC. ﬁ..s-di- llol.of [time of
samp. (gelat .| buffer 'cuan. | s-diph gelatign}
1
O. 0«50 | 0.50 } 0,00 | 0.00 | 2 : 15
Ls do 0.45 0.05 0,02 3 : 00
2. do 0,40 o.lo 0.04 4 3 15
P do 0.35 0«15 Cc.0b 5 : lo
4, do 0650 0,20 0,08 6 40
5. do 0e25 D.25 o.lo ;,1515
6o do 0,20 0.30 0.12 [§o : 5@
¢ i do Oe«l5 0e35 0.14 |15 : 50
8. do 0.10 0.40 0,16 21 : o0
|
RATE OF FULLTICH OF GELATIN SOLUTUONS
at pH. 4.7 *
No.of| cc. T GO+ llol.of |Time of
samp.|gelat.|buffer|Acetamidjacetamjgelation
L § n
O. 0.50 0.50 0.00 0.00 2 1 15
1 do. 0.40 o.lo 0.6 3 ¢ 30
2 do. .30 0.20 4.2 5 ¢+ 1%
3, do. 0.20 0.30 1.8 6 {o
4, do. c.l0 0.40 2.4 9 : 15
i 5« | do. 0,00 0.50 3.0 |lo : 20

0:21".‘1, pl’zo 497
+ Gelatin 10% im
above buffer
+ fcetamide 64 in
above bulfer

Chart No. ®

RATE OF GELATION OF

GETATIN SOLUTIONS

Vel AS

1 POTASSIUM

Solutiong: -
Acetate buffer

CHLORIDE at pH. 4.7 *

No.of| cc. ccs T lMol.of |Time of
Samp.|gelat. | buffer| KC1l. KC1, Ge}atisn
o. | 0.50 | o.50 0.00 0,00 | 2 : 15
). do. C.45 0405 0.15 2 ¢+ 4o
2, do. | 0.40 cljo 0.3c | 3 : o5
3 do. 0.35 0.15 c.35 3 2 85
4, do. 0.30 0.20 0.60 | 4.3 45
De do. 0.25 0.25 0.75 54353 |
6o do. | 0.20 0.30 0.90 | 6 : 5o
7 do. 0,15 0.35 1.05 B.: 15
8. do. | 0.10 | o.do | l.20 |lo : 45
9. doe. 0.05 0«45 1.35 |14 o0
lo. do. 0.00 0.50 1.5 119 00

* Samples were immersed for § hour

O.EM, p}'Io 4-7
+ Gelatin 1% in
above bufler
+ KC1 3M in above
buffezr.

Chart Neo. 9

in water bath at
37°C then transferred into a water bath at 10°C. pH.

of sol-

utions were determined between 20°& 25°C by a glass electrode
( Beckman pH. meter).
pH. of solutions wew® corrected at 4.7 by the contents

-+

of the buffer (o.2M NaH

3%2

02 & 0.2M DHB.GOOH )



GELATION OF GELATIN SOLUTIONS WITH CITRATE-PHOSPHATE
BUFFER at pH. 4,7 *

No.of| ce. eo, % of |[Time of | Solutiong :=
lsamp, |zelatin/buffer|gelatin|gelation]| Buffer, Citr.-Phosph,
! " at PH.4.,7
%. 0450 0450 5.0 2 1 03 + Gelatin, 10% in above
. 0.45 0455 4.5 2 t 1 buffer made tc pH.4.7
3. |} o.40 0.60 4.0 2 : 30
40 0035 0.65 5.5 3 : 20
Ba 0.30 0.70 3.0 4 : 4o
6. 0.25 o.gE 2.5 T : 30
7 0205} o\: (o] 2,0 17 : oo Chort¥ No. 10

GELATION OF GEILATIN SOLUTIONS WITH GLUBOSE AT PH. 4,7 *
- e

/

NO.,of}| cc. GG, CCe i Time of
Jamp., gelatiglpuffer glucose &iﬁ°°?£ elat;gg“

I I ]

O 030 o.go 0.00 0.0 4 : 4o

l. } o0.30 0.b0 o.lo 0.2 4 40

21 0.30 0.40 0.30 0.6 4 F 37

B 0«30 0.20 0.50 l.0 4 1 32

4, 0.3%0 0.00 0.70 1.4 4 : 25 Chact No 1
solutions: =

Buffer, Citrate phosphate at pH. 4.7
+ Gelatin, lo% in above buffer at pH, 4.7
+ Glucose 2M in above buffer at pH. 4.7

GELATION OF GELATIN WITH POTASSIUM SULPATE AT pH. 4,7 *
/

No.of| GCGC. cc., @ ¢e, | Mol; of[Time of
Samp, [Gelatin| buffer|X.S0, K,S0, Gelatiggw

0. 0.30 | 0.70 0.00 0.00 4 : 4o

1+ : do, 0.b0 o.1lo C.0b 4 : 30

2 do, 0.40 .30 0.18 4 : o5

F, P . 0.20 0.50 04«30 3 s 25

4, do. - o.lo_o 0.70 0.,42 2 T Bo Chur‘\ No. P

E4

olutions:- -
Buffer, Citrate phosphater at rH. 4.7
+ Gelatinj in above buffer at pH, 4.7 3 10%
+ K,50,, 0.6M in above buffer at pH. 4,7

" Samples were immersed for 4 hour in wetsr bath at
37 CG.then transférred into a water bath at 10°C, R
pil, of solutions were determined between (20-25) C.
by a glass electrode ( Beckman pH.meter, )
+ DpHe. of solutions were corrected to 4,7 by the
contents of the buffer (o.2M N’aZHPO4 1t 0.1M Citriec acid)



GELATION OF GELATIN WITH GLYCINE at pH, 4,7 *
Solutions:=-
Buffer (0.2M Na,HPO, + 0,1M Citrie scid ) PHag 4,7
Gelatin.; 104 iff abdve buffer at PH, 4.7
Glycine, 2M at pH, 4.7 in above buffer

No. of] oc, ce. ceC. Mol ,of Time of
sample gelatin| bufferfglycine|glycine Gelation
T W T
Us | 0430 | 0.70 0400 | 0,0 4 1 4o
1s do. 0.60 0.10 0.2 4 3 20
24 do, 0.40 0.30 | 0.6 3 1 35
3. | 4o, 0.20 0.50 | l.o 2 : 85
4, doe. 0.00 0.70 1.4 2 1 30
Je Ao Chart

GELATION OF GELATIN WITH ATANINE at pH. 4.7 * No. 13

Soltions :-
Buffer ( 0.2M Na,HPO O 1M Citric acid ) pH, 4.7
Gelatin, 10% in &bovd Buffer at pH, 4.7
Alanine, 0,76M in above buffer, at pH. 4,7

No., of| cec. ce., CC. lol, of| Time of
sample|gelatin| buffer|alaninelalanine Gelation
1]
Oe 0+30 } 0.70 0+00 } 0,000 } b ;40
1. } do. 0.b0 0410 | 0.076 4 3 30
2, |} do. 0,40 0.30 | 0,228 4 1 o0
3, } do. 0.20 c.50 | 0,380 3 : 46 | Chart
4, | do, 0600 .70 | 04532 } 3 : 35 { No.i4

GELATION OF GELATIN AT pH, 3,45 IN PHOSPHATEGITRATE

BUFFER *
Solutions:~-
Buffer (0.2M, Na HP04+0.1M citric acid ) at pH. 3.45
Gelatin 10% at pﬁ. 3.45 in above buffer

No. of| cc, ¢Gs | % of [Time of
Sampleigelatin]buffer|Gelatin gelatggg
T
1, 0.50 [ 0.50 5.0 [ 3 :B00
24 0,25 | 0.55 | 4,5 4 :10]
3« | ©s80 | 0sbo | 4.0 | 6 :o00 [
4, 035 [ 0065 35 8 :15
5. 0s30 | 0470 3.0 | 12.:30 |
6s 0425 o.gs | 2.8 | 16 :10
g. 0420 o.80 240 32 :00
+ | om5 o085 | 1.5 |-~ roht
- ar
~ Ne. 18

" Samples were immersed for £ hour in water bath at
37 C. then transferred intd a water bath at 10°C.
pH. of solutions were corrected to 4.7 by thaq
component@ of the buffer, .
The pH. of the solutions was determined at (26-25)C
by a glass electrode ( Beckman pH.meter.)



GELATION OF GELATIN WITH UREA at pH. 3,45 *
Solutions: -

Buffer, (0.2 Na,HPO,+0,1M Gitric acid) at pH, £ 3,45

Gelatin 10% at PH. %.45 in above buffer.

Urea 4M at pH. 3.45 in above buffer,
No. © ce, cC, ce, [Molarity|Time of [
samplejgelatinibuffer{urea jof urea gelatggg

] 1

b O, 0.0 } o.50f0.00 } 0.0 3 1 @o

1, do. 0+4540.05 0e2 4 3 15 §

4 do. o.40}0.10 0.4 6 ¢ 45

2 do, 0+35%0,15 046 lo : oo

4, do. 0s30}0.20 0,8 15825

5e do. 0.25)0.25 1,0 24 : 15 | Chart

6. G.O. 0o 0,30 192 - e No-‘s

@ELATION OF GELATIN

Solutions: -~

Gelatin 10% at BH,

NITH METHYLUREA at pH. 3.45 *

Buffer, 0.2M Na,HPO,+0.,IM Citric acid, at pH. 3.45

+45 in above buffer,
llethylurea(Murea) 3.81M at pH., 3,45 in above buffer,

No., of| cc, CC, CC, [Molarity|Time of
sample|gelatin|buffer|Mureaof Murea gelatigg;r
1 t
0. 0.50 0e50 0s00 0,00 { 3 : Po
Lo -do. 0s45 | 0,05] 0,19 5t oo
2o dos 0.40 | o0.1l0f 0,38 & : 45
3. do. 0:35 0,15 0.57 9 ¢ 30
4, do. 0s30 | 0420 0,76 |13 : 20
B do. 0.25 0425 0.95 19 : oo
G doe 0+s20 | 0s30| 1,14 [24 : 30 Chart
1e dos Cel5 0.35 1.33 o = No. 17

GELATION OF

Solutions;:~

GELATIN WITH ALLYLUREA at pH, 3,45 *

Buffer, 0,2M Na, HPO,+0,18 Citrie acid, at pH. 3.45
Gelatin 10% at PH, 5.45 in above buffer,
Allylurea 2M at pH. 3.45 in above buffer,(Aurea)
[No. of| cc. TP cc. [Molarity|[Tige of
sample [gelatin|buffer|Aurea [of Aurea|gelatidion
i 1
Qs 0450 0.50 0400 0.0 3 3 Qo
lu don 0.45 0.05 0.1 4 H 30
24 do, | o.40 | 0.1l0] 0.2 5 s 45
5. dO. 0935 [ 0015 093 7 b 15
4, do, | 0s30 | 0.20| 0.4 $ 4 30
2. go. 0425 0.25 0.2 (13 : oo
. Os 0«20 0.30 0. 15 3 35
g. do, 0s15 | 0435 o.g (21 1 oo Chart
O dos 0.10 | 0,40 o, 29 : oo | No. 18
* . Bamples were immersed for % hour in water bath at 317°0,
then transferred into a water bash at 10°C.

PHs of the solutions were ¢

of the buffer to pH. 3,45

The pHs of the solutions was
a -glass electrode (Becikman pH,mete

orrected by the components

determined at (20-25)C. by
e



GELATION OF GELATIN WITH THIOUREA at PH, 3,45 *
Solutions: =
Buffer,o,2u NaEHPO4+o.lM Citric acid, at pH. 3.45
Gelatin 10% at“pH. 3.45 in above buffer.
Thlourea 24 at pH. 3,45 in above buffer,

No. of § co. B0 cC. Mol,of Time of
sample|gelatin buffe? thiourea|thiourea gelatiqg%
1
k1
O, 0.50 l 0+50 | 0400 0.0 3 ¢ @0
L do. 0.45 0.05 [ | 5 : 25
2. do. 0.40 | o0.l0 042 8 : 40
3. |]do 0.35 [ 0.15 0.3 16 : oo
&, do. 0«30 | 0420 0.4 31 : 3o Chart
Be do. 0.25 | 0,25 0.5 - = == | No.19

GELATION OF GELATIN WITH GUANIDINE.HC1 at PH. 3,45 *
Solutions: -
Buffer, o.2M Na,HPO,+0.1M Citric acid, at at pH. 3.45
Gelatin 10, at BH. 5.45 in above buffer,
Guanidine . .HC1 2M at pH. 3.45 in above buffer.

No., of | oec. 0G. | o©oa Mol, of |Time of |
sample |gelatin|buffer|guan.HC1|guan.=201 elatiq%#
1
0. 5.50 l Ce50 0.00 0.0 3 : B0
1. | do. 0.45 0.05 Oed 4 50
24 do. o.40 | o.lo 042 6 : 5o
e -do. 035 0«15 0.3 9 ¢ 25
4, do. 0«30 | 0.80 0.4 12 : 55
54 do. 025 | 0.25 0.5 25 1 1o | Chart
. do, 0.20 | ©430 0.6 - ~"J[N°.20

GELATION OF GELATIN WITH s-DIPHENYLGUANIDINE.HG1 at pH. 3,45%
Solutions: -
Buffer, o.2l Na,HPO,+0,1M Citric awid, at pH. 3.45
Gelatin 10% at %H. 3.45 in above buffer.
s=Diphenylguenidine .HC1( sDGH )o.4M at pH. 3.45 in above

buffer,
No., of [ cc. ce. cC, Mocl. of [Time of |
sample jgelatinjbuffer| sDGH SDGH gelatig%“
T

(39 0.50 0.50 0.00 0400 3 : Qo

1. do. 0.45 0.05 0.02 4 : 45

2. dos 0+40 o.lo 0,04 5 1 25

3 do. 0.35 | 0.15 0.06 & : 30

4, do. 0430 | 0.20 0+08 8 : 3o

5e do. 0425 0.85 0:lo [lo : 3o

64 do. 0.20 [ 0430 012 {13 : 15 [Chart

y do. 0.15 | 0.35 ©.14 {16 : 15 | No.21

* Samples were immersed for i hour. in water bath at 37°.
then transferred into a water basth at 10°C. -
pi. of the solutions wmxm was determined at (20-25)°0.
by a glass electrode ( Beckman rH.neter,),and corrected. by
the components of the buffer to pH. 3.45



GELATION OF GALATIN VITH ACETAMIDE at PH. 3.45 *
Soluticons:-

Buffer, O.2M Na,HFO
Gelatih 10% at %

H,

Acetamide 3.84 in above buffer, at pH. 3.4 5

+ 0,18 Citric acid, at pH. 3.45
«45 in above buffer.

No., of| cec. R ce. ‘flilol . of Time of
sampleggelatin|burfer acetamide|acetanide|gelation
] T

0. 0.50 0«50 0400 0400 3 : @0

Lz do. 0.40 0410 0438 5 : 1o

2, do. 0430 0.20 0.76 7 : 20

2 do. 0.20 0.50 1.14 lo : 3o

4., do. 0.lo c.40 1.52 14 : 15] Chart

5. | do. 0400 0.50 | 1.90 17 : 30] No.%e

GELATICN BF GELATIN WITH THIOACETAMIDE AT pH. 3.45 *
Solutions:-
Buffer, 0.2l Na,HPO,+0.1M Cltric acid, at pH. 3.45

Gelatin 10« at PH. 3.45 in above buffer,
Thicacetamide (T-am.) l.6l at pH. 3,45 in above buffer.

No. of GC . GCs G0 lol. of [Time of
sample|gelatin{buffer| (T-am) (T-am.) jgelatio
7 0]
Oe 0.50 C.50 0+00 0,00 3 : 00
1. do. 0.40 0.1 0 0,16 b: 30
2. do. 030 [ 0.20 032 12: oo
3. do. o.80 0.30 0.48 25: oo |Chart
4, do. 0.10 0. 40 0.b4 - = = | No.R3
GELATION OF GELATIN "ITH POTABSIUL CHLORIDE at pH. 3.45 *

Solutions: -
Buffer, 0.1l Citric acid + 0.2i Ne,HIF04 , at pH. 3.45
Gelatin 10% &t pH. 3.45 in above bliffer.
Potassium chloride 3.8 at pH. 3.45 in above buffer.

[Wo. of [ " cc. CC. GC. licl, of [Time of
sample [gelatin|buffer| KC1 KC1l gelation|
1

O. 0.50 0.50 0.00 0.00 3 1 6o
1. do. 0.45 0.05 0.19 3% A5
2 do. 0.40 o.l0 0438 [ 4 : lo
B do. 0.8 0415 0457 5 ¢ 25
4, do. 0430 0.20 0.76 6 : 4o
5. do 0.25 0.25 0.95 8 : 45
6. do. 0.80 0430 1.4 lo @ oo
70 doo 0015 Ot3‘5 1‘33 14' : 15
8. do. o.lo 0.40 1.52 18 : 40 | Chort
9. do. 0.05 0.45 1.71 24 : 45 | No.R4

* Samples were immersed im water bath at 37°.for &
hour then transgerred into a water bath kept at 10°C.
pH. of the solutions was corrected by the compcnents
of the buffer to pH. 3.45 o
The pH. of the sclutions was determined at (20-25) C,
by a glass slectrode (Beckman pH.meter).



GELATION OF GELATIN IN CITRATE4PHOSPHATE BUFFER at pH.3.45 *
Solutions: -~
Buffer, o.2M Ma,HPO,+0.1M Citric ACID, at pH.3.45
Gelatin 10% at BH. «45 in above buffer.

|No.of cC. CO. % of [time of
Sample |Gelatin| buffer(Gelatin Gelatigg
1
1. 0,50 0.50 | 5.0 2 ¢ 35
2 0.45 0.55 4.5 3 2 25
3 0.40 0.60 | 4.0 t 3 : 40
4, Ol;5 OneB 1 305 2 Y 50
e 0+90 0,70 3.0 d : 30
b 0.25 0.85 2:5 14 : oo| Chart
7. 0.20 0.80 | 2.0 23 : 00§ No.RD

WFCELATION OF GBILATIN JITH GLYCINE at pH. 3.45 *
Solutions :- o
Buffer, 0,2M Na,HPO,+0.1d Citric acid, at pH. 3.45
Gelatin 10 at PH, 5.45 in above buffer,
Glycine 2ii at pH. 3.45 in above buffer.

o, of] occ. CC. 66, |Mol,of |[Time of
sample | gelatin| buffer{glycine{zlveine Gelation|
] [
0. : 0.50 ] 0.50 0,00 0.0 | 2 : 35
l. | do. o.40 0.10 0e2 2 : 30
2 do. 0.30 0.20 0.4 2 ¢ 2o
LT T do. 0+20 0.30 O.b 2 : o5
4, do. 0.10 | 0.40 0.8 1 : 45
5 J_'ddo.. 0,00 0.50 B ) 1 3 35
X. 0430 0.7T0 0,00 | 0,00 9 :15
6. do. 0.60 o.lo 0.20 8 :55
a. | do. 0.50 o.80 c.4o | 8 : oo
. do. 0.40 0.30 0.60 7 : 15
9. do. 0430 0.40 o0.80 6 : 50
10, do. | 0. 20| 0.50 d.90] 6 : oo
11, do. 0.l0 0.60 l.20 5 : 4o
12, do. 0,00 0,70 l.40 4 : 45| Chart
No. &b

*  Bamples were immersed@ in & water bath at 37 C. for
3 hour then transferred inté a waber bath kept at 10°C.
pH. of selutions was corrected by the components of
the buffer to pH. 3.45 ,
The pH. of the solutions was determined at (20-25)C
by a glass glectrode ( Beckman pH.meter).



GELATION OF GELATIN WITH ATLANINE at pH. 3.45 *
Zolutions:-
Buffer, o.1M Citric acid+o.2H HaEHPO s &t pH. 3.45
Gelatin 10 at pH. 3.45 in above buf%er.
Alenine 0.8M at pH. 3.45 inabove buffer,

Ne. of| co. ce. Co. Mol, of{ time of
sample gelatin|buffer|alanine alanine Agglatiqg_

1 1

a| o. D.§bl C.50 0,00 | 0,00 2 ¢ 35

1. do. 0.40 mxzk { 0.08 2 : %0

0.10

25 d0e Oe 30 0,20 | 0.16 2 : 25

3¢ | do. 0.20 0.30 | 0.24 2 t. .35

4, dos. 0.lo 0.40 0.32 g : lo

' 5. do. 0,00 L 0.50 0,40 2 lo

b X. 0.30 F 0.70 0.00 | 0.00 9 : 15

6. do, 0.b0 o.l10 | 0.08 9 : lo

L g. do. 0.50 0.20 | 0.16 - ==

. do. 0.40 0.30 | 0.24 8 : 30

9« do, 0.30 o0.40 Oe 52 - -

.1 lo. 4o, 0420 0;50 | o.40 8 : 15
lln do. 0.l10 0.60 0048 - - - u‘\qrt’
12, do. | 0.00 0.70 | 0.56 12 45 | No.R'#

GELATTON OF GELATIN WITH POTAS3TUM SULFATE at pHe. m 3.45 *
Solutions: -
Buffer, o.lld Citric acid+o.2m Ne ,HPO,, at pH. % 3,45
Gelatin 10% at pH. 3.45 in above “buffer,
K530, 0.6M at pH. 3.45 in above buffer.

No., of CC, 00, CC ITol, of| Time of
sample [gelatin{buffer K280, K,30, gg;ation
o - i n
Q. o. 0.50 0.50 0.00 0.00 2 ¢ 35
1. do, 0.40 o.l1o | o.08 2 : 22
2. do. 0430 0.20 | c.18 2 : lo
L do; 0420 0.30 | 0.18 1l ¢+ 55
4, do. 0.1l0 0.40 0.24 1l : 50
[ 5 do. 0.00 } 0.50 } 0.30 1 : 45
—————— 1]-_-.—0ﬂ—mﬂb-——---l ——————— - ————————————— — - - —
b Xs KO.30| 0.70 0.00 0.00 9 ¢ 15
6, 0.30 | 0.bO o.lo | .06 7 : 20 [
7s do. 0.50 0.20 | 0.12 6 : 35
8. do. | o.40 0.30 | 0.18 6 15
9. do. 0430 o0.40 | 0.24 5 : 4o
lo. do. 0.20 0.50 0430 By 15
13, do, 0.10, 0.60 | 0.36 4 : 50 Chart
J 12, do. AJ 0,00 0,70 | 0.42 4 : 15 No.uR

* DSamples were immersed in & water bath at 37°C. for
5 hour then transferred into a water bath kept at 10°C.
pHe of solutions was corrected by the components of
the buffer to pH. 3.45 o
The pH. of the solutions was determined at ( 20-25)C
by & glass electrode ( Beckman pH.meter ).



GELATIO N OF GELATIN WITH GLUCOSE at pH. 3.45 *
Solutions: -
Buffer, 0.1M Citric acid+0,2M HaEHP04’ at pHe 3.45

Gelatin, 10%, at pH. 3.45, in above buffer,
Glucose,2M, at pH. 3.45, in abowe buffer.

No. of] ecc. CO. cc, |Mol., offRate of |
sample |gelatinjglucose| buffer|glucose galatiq%_
1

0. 0«30 0.00 0.70 0.00 ¥ 1 15

1, do, o.lo 0.60 0.20 9 : 15

2, do. 0.20 0.50 0.40 9 : oo |

3. do, 0.30 0.40 0.60

4, do., 0.40 0.30 0.80 8 : %o

v P do. 0.50 0.20 l.00

6@ do. 0.60 0.lo0 l.20 Chart

1 do. 0.70 0400 l.40 8 : 15 | No.R9

GELATION OF GELATIN IN CITRATE FHOSPHATE BUFFER at pH., 8 *

Nos of| co. CC. % of Rate of |Solutions:-
| samplejgelatin|bufferigelatinigelation| Buffer,c,lM Citric
f W seid+o.2M Na a,HPC,
| 1. | o.50 0.50 5,0 2 ¢ 30 at pH, 8
2. 0.45 0455 4,5 2 1 55 Gelatin 10% at pH. 8
3@ | o.40 0.60 4,0 3 :50 in above buffer.
4, -} 0435 0.65 3.5 6 : 20
54 0.30 o.70 3.0 8 : 45
b 0.25 o.gf 245 14 : oo
%24 0.20 0.80 2.0 28 : oco| Chart
80 O-lj 0-85 105 b At NO-SO

GELATION OF GELatin AT pH.8 WITH UREAX

Solutions'- Buffer,o,lM Citric acid+o.2M Ne at pH.8
Gelatin 10% at pH.8 in ebove bu?fer.
Urea 43 at pH.8 1 n above buffer,

No. of]| coc. ce. cc. |Mol, of|Time of
g le latin|buffer| urea] urea #_galation
_EEEL_j‘E e.ablon
0. | o.50 0.50 [0.00 0.0 2 : 30
8 do. } 0.45 [0.05 0.2 3 4 15
- ¥ do. c.40 [o.lo 0.4 4 : o5
28 do. 0¢35 [0.15 0.6 6 : 40
4, do. [ 0.30 |0.20 0.8 B8 : 45
5e do. 0.25 [0.25 1.0 12 ¢ 30 | Chart
6. do. 0.20 30 1.2 20 : 00 | Ne31
* Semples were immersed in a water bat® at 37°C. for %

hour then transferred into e water bath kept at 10°C.

The pH. of the stlutions was correeted by the components
wxf of the buffer to the required one.

The pH. of the sclutions was determined at (20-25)0 by
a glass electrode (Beckman pH.meter.)



GELATION OF GLLATIN

VITH METHYLUKEA et pH.8 *

@No,.of [ce, [cce ce. [Mol.|Time of | Solutions:-
Samp, (gelat | buff, [ureajurea|gelation Buffer;o.1M eitric acig’
J ] +0.2l Na HEO 8t HE
O, [0.50 [0.50 [o.00] 0.0 2 : 30 Gelatin 10% at pH.g
i [ do. (0.46 |o.l0]| 0.4 4 : 25 in above buffer,.
2. | do. [0,35 |0.15] 0.6 6 : 1o llethylurea 4M at pH.8
3+ | dos 0430 [0.20] 0.8] 8.: oo in above buffer,
44 doe [0.25 [0.25] 1l.0f 11 : oo
5 do. (0.20 [0.30] 1.2] 13 : 25
6. | do. [o0.10 |o.40| 1.6] 28 : ool Chart
1s | d0. |0.00 [0.50] 2,0 = = = = No.48 32
GEIATION OF GALATIN WI TH ALLYLUREL at TH.8 *
No.cof| cc,. cc, fﬁgefim.of Time of | Solutions:-
Samp.gelat| buff, Auregagelation Buffer,C,.1il citric acid
' | ! " +0.2l Na HFO at pi8
0. C.50(0.50 [0.,00] 0.0 2 * 30 Gelatin 10% at™pH,.B
1ls do. |[0.45 0.05’ Osd 5 ¢ 1o in above buffer.
& G0. (0.40 [0.10]| 0.2 3 + 5p A2lylurez (Aurea) 2u
¢ | 804 [0435 [0.15] 0.3] 5 :o000 at pH.8 in above
4, do. [0.30 [c.20{ 0.4 6 : 30 buffer.
2+ | d0. [0.20 [0.36| 0.6] lo : 30
60 dO. O-lO 0.40 008 .1.7 H :':’C qurt
7 do. )G.Qp 0.591 1.0 29 : 10| No.3%
GELATION OF GELATIN WITH THICUHEA at pH.S8
No.of [ cc. T co, [ce.T|l,of [Time of | Solutions:-
Samp. jgelat [ buff, (urea [Tureggelation Buffer,0,1M citric ecid
] +0.2M Ma,HPO ,at pH.S
O 0.50|0.50 [0.00| 0.0 2 : 30 Gelatin 16% a% pH.8
1o dos [0.45 [0.05] 0.1 3 : 15 in above buffer.
2, | do. |0.40 [0.l0[ 0.2] 5 : 1o Thiourea 2M at pH.8
3 do. [0.35 [0.15] 0.3 7 : 4o in above buffer.
4, do. |0.30 |0.20] 0.4¢ 13 : oo .
5. do. |0.25 |0.25 o.jq 24 : 5o Turea for thiouresa,
Chart
No.34

samples were immersed in a wat
then transferred into a w

hour

The pH. of the so
by a glass electrode (

The ® pH, of the solutions was
components of the buffer to pH,8

Jutions was de
Beckmen pH.met

er bath at 37°c. for
ater bath kept at 10°C.

X
2]

termined =t (20-25)C.
eI‘).
& corrected by the



GELATION BF GEIATIN WITH GUANIDINE.HCl at PH.8 ¥

No.of| cc, CCs|n0CCs |Mol,of | Time of Solutions:-
semp.|gelatibuffePGuan|Guan., | gelation Buffer,o0.1M eitric
! " acid+o,2H NaaHPO4
O. | 0.86|0.50] o0.00[ 0.0 2 : 3o at pH.8
1. 0.50|0.45]| 0.05] 0.1 3 : oo Gelatin 10% at pH,8
2 0.50|0.,40| ©.lo0 0.2 4 : oo in above buffer,
Zo | 0.50}0.35] 0.15] 0.3 g : 30 Guenidine.HC1( Guan. )
4, | o.50{0.30] 0.20{ 0.4 : 30 at pH.8 in above
5 0.50]0.,25] 0.25 045 12 : oo buffer,
6.J 0.50[0.20 0430] 0.6 18 : 50] Chart No. 38
GELATION OF GELATIN WITH ACETAMIDE at pH.8 *
No.of[ ece. ¢c. | oc., [lMol,of|[Time of Solutions:-
JSamp, |gelat buff, jacet.| Acet.]|gelation Buffer,o0.1M ecitric
. ! acid+o,2M NaEHPO
0. 0.50(0.50 lo,00 0.0 2 : 3o at pH.8 4
1, do. |o.40 |o.lo 0.4 3 : 25 | Gelatin 10% at pH.8
2e | do. |0¢30 [0.20 | 0.8 4 : 4o | in ab b
3, do. [0.20 |0.30 | 1.2 6 : oo n above buffer,
- Acetamide, (Acet,)
4. do. [0.1l0 [0.40 1.6 7 ¢ 25 41 at ﬁ 8 in
l_ Js | 40. Jo.00 [0.50 | 2,0 9z 3ol above Ehffer,
i Chart No. 36
GELATION OF GELATIN VITH THIOACETANIBE at pH.8 *
[No.of CC. Cc. [cc.TL Mol,of [Time of | Solutions:-
Samp, |gelat | bulf, acet.|TLacet,|gelation Buffer,o.1M citric
' " acid+o,2M HEZHPO4
0. | o.50[0.50 |o0.00 0.0 2 3? at pH.8
l. | do. [0.45 [0.05 0.1 3 : 2 Gelatin 10% at pH.8
2, | do. [9.40 |o.1l0 0.2 4 : 45 in above buffer,
3 do., |0.35 [0.15 0.3 6 : 35 Thioacetemide, (Tiacet.,)
4, do. [0.30 [0.20 0.4 9 : 15 2M at pH.B in above
5 do. |0.25 [0.25 0.5 15 : oo buffer.
5 do. [0.20 [0.30 0.6 23 : oo
T« | 80. (0,15 |0,35 0.7 jabove 38| Chart No. 37

*  Samples were immersed in a water mshlh bath at 32'0.
for i hour then transferred into a water bath kept at 10°¢..

The pH.of the solutions was determined at (20-25)C.
by @ glass electrode ( ®mkmx) (Beckmen rH.meter, )
‘ The pH. of the solutions was corrected by the components
of the buffer to pH.8 .



ON OF GEIATIN WITH POTASSIUM CHLORIDE at pH. 8%

GELATI
|No.of[ ec, ® cc. | oc.|lol,of|Time oF [ Solutions:-
samp, |gelat|buff.| KC1| KC1 geletion| Buffer,c.1M ecitric =
T acid+o.2M NazHPO4
O, o.50/|0.50 [0.00| 0.00 2 1 3o at pH.8
l. | do. |0.40 [0.1l0] 0.35 5 : 40| § Gelatin 104 at pH.8
2, do. |o0.30 [0.20] 0.70 5 ¢ 30 in above buffer.
3. | do. |0.25 [0.25| 0.88 6 : 20| § KCL 3.5 at pi.8
4, do. |0.20 |[0.30| 1l.05 8 : oo in above buffer.
5 do. [o.lo |0.40| 1l.40 11 : oo
6. | do. J0.00 o.50] 1.75 | 16 : 15[ Chart No. 38
GELATION OF GELATIN WITH GLYCINE at pH,8 *
b
No.of| ec. [ cc., |eéc. [Mol.of|Time of Solutions:- at pH,.8
Samp. |gelat jbuff, [glye|glycingGelation Buffer,o0.,1M citric
' * acid+o.2M Na,HFO,,
Ue | 0.50[|0.50 |0.00] 0.00 2 : 3of § Gelatin 10% in
1. 0.50|0,40 |[9o.1l0] 0.20 2 + 15 abbve buffer,
2. | 0,50{0.%0 |0.20]| 0,40 2 : lo] § dlycine, (glyc) 2M
3 0.50(0,20 [0.30] 0,60 l : 55 in above buffer,
4, j 0.5010.10 0.40! 0.80 l: 50
&(365. | 0.5010.00J_o.50 1,00 L : 700 Chart No.39
GELATION OF GELATIN IN PHOSFHATE BUYFER at pH.11.5 *
Solutions:- '
Buffer,o.1M NaOH+ o,2M Na.HFO y made to pH.1l1l.,5
4 Gelatin, 10% in sbove buffer ﬁade to pH.11,.5
No, of] ce. CCs | % of [Time of =~ _,
sample [gelatin| buffer|gelatin GelatiQ#i
\]
1, 0.50N | 0.50 5.0 16
25 0.45 0.55 4.5 22
3. 0.40 0.60 4,0 32
4, 0.35 C.b5 3.5 - Chart No. 40
* Samples were immersed in a water bath at 37°C. for %
hour then transferred intd a weter bath kept at 10°C,
The pH. of solutions was determined at (20-25)°C. by
8 glass electrode ( Beeckman pH.meter ),
The pH. of the solutions vwas corrected by the compo-
nents of the buffer to 8



GBELATION OF GELATIN WITH UKREA at pH., 11.5 *

Solutions;
Buffer, o.li NaUOH+o.2i1 NaaHPO mixed to pH. 11l.5
Gelatin,l0%,in components®of furrer made to pH. 11.5
Urea,4l,in components of buffer mede to pH. 11.5

|No. of cc. co. ¢c, [Mol, of [Time of
sample | gelatin| bufferurea urea |Gelation
1 "
0. 0,50 o.50 [o0,00 0.0 16
1 0.50 0.45 |o0.05 D.2 23
2. 0.50 0.40 {o.lo 0.4 53 Chart
3, 0.50 0435 |0.15 0.6 - No. 41

GELATION OF GELATIN WITH THIOUREA at pH.1ll, 5%
sclutions:-
Buffer, o.1M NaOH + 0.2M Na HFO, , mixed to pH, 11.5
Gelatin,l0%,in componénts og buffer made to pH. 11.5
Thioures,2M,in components of buffer made to pH, 11.5

GBLATION OF GELATIN VITH GUANIDINE.HCl at pH. 11.5 *
Solutions: -
Buffer, o.,li NaOH + 0.,2M Na HI'0, , mixed to pH. 11,5
Gelatin,l0u,in components of ub%ve buffer , pH. 11.5
Guanidine.HCl1l,2M,in = y n " " " n
Guan, for guanidine.H@l

No.of[ oc. ¢e. | cc. |Mol,of|Time of |
sample [gelatin|Buffer| Guan.|CGuan, [Gelation
|
0. 0.50 | 0.50 | o.oc0 0.0 16
1 0«50 0.45 0.05 Oul 2o
2. 0050 0.40 O.lO 0-2 47 P%’t"‘
5. 0.50 0.55 Oolj 0.3 i N°-43

No. of| cc. ce, ce, Wol,of |Time of |
sample|gelatin| buffer]|Thioures | Tholurea|Gelation
3
]
0. 0.50 } 0.50 '0.00 0.8 16
1% 0.50 | 0.45 0.05 0.1 27 Chart
2. 0.50 | o.40 } o0.lo 0.2 o No.4Z

*  Bemples were immersed in a water bath &t 37°C,
i hour then transferred into a wader bath kept at
The pH. of the soclutions was corrected by the
components of the buffer to pH. 11.5
The pH. of the solutione was determined bg =a
glas§electrode ( Beckmgn pH.meter )

TAEE A R AW



GEIATTON OF GELATIN VITH FOTASSIUM CHLORIDE at pH,1}.5 *
3olutions:~ at pH, 11.5

Buffer, 0.1M NaCH + 0,24 NaHFO

Gelutin, 10%,made with compoﬂéntﬁ of above buffer.

KCl, 3. 5]‘:1, it " " n o "
[ITo. of | ce. | cc. [ cc, [Mol.of[Time of [
T._S_.‘_Ei_._l_ﬂr;le__g_&'_lt'tiﬂ buffer| KCL | KC1 |Gelation

T

S —

0. @xfo.5| o.50 | 0.00] 0.00 16
1. 0450 o.40 o.lof 0.35 20

l 2 0.50 0.30 | 0.20] 0.70 32 Chart
3. 1 0.50 | 0.20 | 0.30] 1.05 -~ | No44

GELATION OF GELATIN WITH Ne-GLYCINATE#at pH., 11.5 *
Solutions:~ at pH, 11l.5
Buffer,0.1M NeOH + 0,2M Na,HPO
Gelatbn,10j:,made with eompgnen%s of above buffer.
Na-Glycinate,EM,made with components of above buffer.

No,of 0% CO. Ga s Mol.of Time of
Jsample|gelatin|buffer|Na-glyein. |[Na-glycin, gelatiqg#
1 [1]
0. 0,50 o0.50 : 0.00 0.0 16:00
p do. 0.40 0.lo 0.2 1l:30]
8- do. 0.30 0.20 Omz 9:00
A do. 0.20 0.30 O, 9:00
4, do., o.lo .40 0.8 1l:00
5. do. 0.00 d.50 l.0 11:00| Chart
r No.45

GELATION OF GEIATIN IN CITRATE-FHOSFHATE BUFFER at pH, 3.45*
Solutions:- at pH, 3,45

Buffer, o.1M Citric Acid + o0.2M Na, HPO

Gelatin, 10%,made with components of abbve buffer.

No. of| cc. ce. cons.of [Time of
sSemp. Igelatinjbuffer|gelatin Gelat;g%
1
1. : o.g 0.1l 9 L 3 16
2. O, | 0l 8 1l : 35
D O.Z 0.3 Z 2 : 00
4, o. 0.4 2 ¢ 3o
5. | 0.5 0.5 5 3 1 20| Chart
£ 6. 004 006 4 J : 20 “0.%

* BSamples were immersed in a water bath at 37°¢
for 2 hour then transferred into a water bath, kept at
10”0,

The pH. of the solutiond was determined by a
g8lass electrode (Beckman pH. meter.)

L]



GELATION OF GELATIN WITH POTASSTIUM CHLORIDE*

Pokassium chioride
Gelatin 10) .in 4

Hydrochloric acid

+otassium hydroxide

ils

(2
Te
U,

2 N
Ogl K

40) 3,22 M in dist. weter,
wrter

No.of| ce, ¢c. | cc. | oc. [coc.dist.[% of mol.conc|time of|[]| pH. of
samp. |zelstin|{KC1, HC1 KOH weter |gelatin| of KC1 [gelation sgmple
' 1 n 1
& 4. | 1.00 [0.00 [0.125] --- | 0.875 | 5.0 0.000 2 :10] 4.75
L. 1.00 0,10 [0.100]{ --- | 0,800 5.0 0.161 2 ; 30
2. 1.00 [0.20 |0.,100| --= | 0.700 5.0 0.322 2 : 30
| 2o | 1.00 1030 {6.150{ === | 0.850 [ 5.0 0.483 3 : 40
| 4. 1.00 |0.40 {0,100 === | 0,500 5.0 . O.644 3 : 40
Se 1.00 0.50 o.HCOf —_—— 0.400 5.0 0.805 4 #o_
b | b, 1.00 Ac.co 0.50010.00 | 0.500 5.0 0,000 3 10| 2.75
6. 1.00 /0.10 {0.300l0.00 | 0.600 5,0 0.l6l 3 : 40 2.70
7. 1.00 0.00 }0.30040.00 | 0,500 5.0 0.32 3 : 50t 2.80
8. 1.00 10.30 {0.30040.00 | 0.400 5.0 0.48% 4 ; 20 2.80
9, 1.00 10.40 10.30040.00 | 0.%00 540 0,644 4.: 50 2.80
10, 1.00 }0.50 {0.40010.00 } 0.100 $.0 0.805 |t 5 : 40f 2.60
C | c, 1.00 10,00 }==== {0.40 | 0.600 5.0 0.00 3 : 30| 11.70
11, 1.00 {0.10 }===~ lo0.40 | 0.50 5.0 0.161 3 : 4of 11.65
12, l.o0 0.20 }~=== 0,40 0.40 5.0 0,322 3 : 8of 11.55
13. 1.:006 }0.30 le—ven o.40 } 0.30 5.0 0.483 5 » o5fF ll.50
14. 1.00 0,40 l==== t0.40 0.20 5.0 0.644 | 6 : 50f 1l.50
15. l.00 lo.fo ---|.ho.»o l o.lo 5.0 p 0.805 8 : 2ol 11.60
%* water bath at 37®°C then transferred

pH. of solutions wese determined at room temperature (20-25)
(Beckman pH. meter).

Samples were immersed for $ hour in a

for gelation into & water bath at lo°C.

electr

ode,

A by a glass

Chart No, 47




S8olutions :-

GELATION OF GELATIN - BITH POTSSIUM NITRATE *

Potassium Nitrate (20%) 1.98M. ¥
Gelatin low in distilled water

Potassium hydroxide o.llN.

Nitric Acid o.2N.

{No.of ec. | oo, CC. [ cc. [cc.dist.| % of [mol. conc.| time of | pH. of |
”mmsﬁ. gelatin wzow mﬁou KOH jwater. ;gelatiny of szu gelation| semple
1 W
Qa. A a. l.00 10,00 | 0,125} === | 0,875 5.0 0.000 2. 15 4.6
% a do 0.lo | o0.1l50f 0.05} ©0.75 4,98 0.099 2 : 25¢ 4,75
2 do 0.80 | 0,050} === | 0,75 520 0,198 3 : oot 4.75
-1 do 0.%50 | 0.050! === |} 0,65 do 0.29 4 : 20f 4,75
4, do c.40 | 0,150} 0.05} 0.45 4,98 0.39 5 : 30f 4.70
Be do 0.50 0.050! ==w 0.45 5.0 0.495 7 ¢+ 40 4,75
6! . l.00 l0.00 | 0,50 | === | 0.50 5.0 0.9o0 3 : 304 2.1
6. do o.lo do --= | 0,40 do 0.099 4 ¢ 15( 2.6
Ts do 0.20 do ~ --= | 0.3%0 do 0.198 5 : 20| 2.6
8. do 0. 30 do -—= { 0,20 do 0.297 6 : 50 2.6
I 9, do o.do | do | === | o0.l0 do 0.396 8 : 25} 2.65
lo. do 0.50 do x -—— { 0,00 do 0.495 11 : 50} 2,63
= l.o00 0.00 - * oc.40} o0.60 5.0 0.000 b 3 : 30% 11.7
11s do 0.10 } === do } o.50 do . 0,099 4,: 45} 11.65
f 12. | do fo.20 | == | do | o.ho do 0.198 5 : 25 11.65 | Chart
{ 13. | do 0.30 | === | do | 0.30 do 0.297 7 s 18] 11,65 No.48

&

1

Samples were im.ersed for ¢ hour in a water bath at 37°C then transferred
for gelation into a water bath at 10°C. .

pH. of solutions wa® determined at room temperature (20-25)°C by a glass
electrode , (Beckman pH. meter).




Sclutions:

GELATION OF GELATIN WITH POTASSTUL SULFATE*

Fotassium sulfate 0,591 1
Gelatin 10 % in distilled weter,
Sulfuric acid 0,25 N

Potassium hydroxide 0.1 N

i
No. of|[ece. gel-[cc. pot.[cc. sulf.|[cc. pot.|cc.dist.|% of mol.conc,. |time of |[pH of
gsample| stin. sulf, acid hydr. water, |[gelatin| pot.sulf,.|gelation |samp,.|
1
m_ Ge Comf M Onoc Coow ﬁ ||||| u.ow..w WUC 0. . mnw 40 &.Q.M
“_lo Comc _ OONO C-CW ﬁ S . g HOHQ WDO °t§ m H _DO L-O-N
2. 0.60 | ©.40 003 Me—oces | 0.97 3.0 0,118 4.6 00 | 4,7
ds- OuUO Oowc OoOW e Co.wq Wfo C..“_..N.N W } LB h.oﬂ
L.. GoUQ ﬁ..omc c-cu (S e ) - C.mq WOC CQNWN\V N ﬂ Wo h..q
54 0.60 ¥.00 0,03 ———— 0.37 3.0 04295 4 3 30 | 4.7
bl b, 0.60 0.00 0.25 ——— 1.15 3.0 @ 0,000 13 : 00 m.mm
6. 0.60 0.20 027 | ===-- 0.93 3.0 0.059 8.1 35 |2.
Qo COGO O.&'O CQNQ el s O.qw wlo O.PHm q : Om m.m
mc C.n\uc Oomc Com _ - oo‘mw 3 WQC OQH_:‘N m . Nw Ncm
9e 0.60 0.80 | 0.28 | —--e- 0.32 3.0 0.23 51: 50 |2.8
104 0.60 1.00 | 0.31 ————— 0.09 3.0 0.295 5 : 30:12475
C- Ce “ ‘-OC m-%m ﬁ\ o Oo.&.c On‘(, W-O C.OOC. W : Wo HH&Q
s S «.oc | o 20 —— 0.40 | 0,80 540 0,029 3 : 20 [11.75
12. 00 | 0-30 | e 0.40 | c.wu 5.0 0.059 373 05 [AY.45
8. (.00 | 575 » ———- 0.40 | 0.3V 5.0 | 0.088 ; 11.7
14. g0 |00 ——em | 0.40 ] 0. 5.0 | 0.118 ._ 11.7 | Chart
g7 | {.00 [ ‘ ~ ——— ; O.40 “ 0.10 5.0 ‘ 0.148 - 2 : 45 [11.8 jZo.a.w
* Samples were immersed for 4 hour in a wster bath at 37°C - then transferred

for gelation into a water bath =t 10°C
pH. of samples wews token at room temperature ( 20-25°C ) by a gless elsctrode,
( Beckman pH., meter)
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GELATION OF GELATIN WITH MAGNESIUM CHLORIDEF

Sclutions:-
legnesium chloride, MgClg.bH,0, (40%) 1.97 Molar.
Gelatin loy in distillsd™water,
Hydrochlorie acid, HCl 0.2 1l
No.of ce. ce. CC. ce.|Total | % of ﬂﬂow.oobo. Time of |[pH.of
semple|gelatin|iiegCl | HC1 [H O |volume|gelatinjof Mgll, |[gelction|sample
=S [ Y - ﬂ [
a. _ l.00 0.0@|0.125 o.mq% 2,00 5.0 0.000 2 : o0 4,75
1: do. 0.l0|0.120[0.78] do. do. 0,098 2 : 30| 4.65
2, do. c.20|0.l00[0.70] do. do. 0.197 3 : o0l 4.64
3. do. 0.30[0.075|0.62% do do. 0.296 4, : oo| 4.68 |
4. d0. 0.40[0.050|0.55 do. do. 0.394 | 5 : 2o| 4.73
Siin do. 0.50[0.050|0.45 do. do. 0.492 7 s 20} 4,75
. .
b. l.00 c.00t0.50 to.bol 2.00 5.0 0.000 3 : lo} 2.75
6. do o.loto.45 lo.40! 1.95 5.12 { 0.098 3 : lo} 2.74
i S do o.20f0.50 fo.30! 2.00 | 5.0 0.197 3 3 35¢ 2.70
8. do. 0.3010.47500.224 do. do. 0.296 4 poﬁ 2.75
9. do. o.4010.45 to.lo% do. do. 0.594 % : 50 2.9%
lo. do. o.5040.45 lo.05 do. do. » 0.492 i 7 = 45 m.qm_
[ , l
- Chart
e - = 1 P, TINLEEY . § 20-m°

3

Samples were ipmersed for % hour in a water bath at wqoo then
transferred for gelation into a water bath at 10°C.

pH. of solution we® determined at room temperature (20-25)°C
by a glass electrode,(Beckman pH., meter)



GELATTON OF GZ

solutions: -

Magnesium sulfate, 1igS0
Gelatin 10% in distille

GELATIN

WITH

HMaGNE

TUM

«TH,0 , 1.83 M.
& wafsr

SULHATE*

Sulfuric :oid, H,80, , 0.25 N,
|No.of [ cc. cc.f cc. | co, [Total [ % of [liol.conc.|Time of [pH.of
maﬁwmﬁmmpmﬁwwaMQCP mmmoP mmo volume |gelatinjof ._mmm.:&P gelationgsample
L
a | a. 0.60 [0.00 [0.03 {1.37 | 2.00 3.0 0.000 6 140 | 4.7
=1 1: do. 0.20 |[do. PR i do. do. 0.183 | 4 145 do.
2. do, o.40 [do. [0.97 do. | do, 0.366 | 4 :30 | do,
D do. 0.0 (do. 617 do do. 0.549 3 3d5 do.
4. do. 0.80 |do. |@.57 [ do. dos c.742 | 2 :40 | do.
5 do. (1.00 [do. 0.37 | do. do. % 0.945 2 :15 do.
—————— ] — Lﬁ'..lll'.ﬁl-lolllu:ilall.lllnr..lllll.ln:'lu.ll..l"n e e T — -il.l..ll-l.lcllﬁ.llllcl"
b.} b, 0.60 ‘Yo.00 Y0.25 $1.15 { 2.00 3,0 0.000 13 :o0 m.mm
b do. .20 | do. }0.95 do. § do. 0,183 6 320 { 2,
m. do. c.40 } do. 0.75 do. do. 0.3066 5 :00 | do.
. do. 0.00 } do.740.55 } do. do. 0. 549 4 :15 { do.
L 9, do. o0.80 | do. {0.35 40, do. o0.782 cloudy | do.
| 1% precipit
* Samples were immersed for 4 hour im & weater beth at 37°C. then

TT

DiZe

transferred for gelation into a water bath at 10°C.
of solutions waee determined at room &
ckman pH. meter. )

by & gloss electrode, (Be

emperature (20-25)*¢C.

Chart
Neo.S1



Solutions:

GELATION OF GELATIN WITH SODIUM SULFATE *

Sodiumr sulfate 1.185 molar.
Golatin 1o% in distilled water.
Sulfuriec acid 0.25 normal,
Sodium hydroxide 0.1 normsl.,

e

o

e

* Samples were immersed for $ hour in a water beth at 37°C then transferred

e

4 0L

gelation into a water bath at 10°C.

PH. of solutions wease determined at room temperesture Am01mmww by a glass

electrode; (Beckmen pH. meter).

No.cf 0. cc.8ulfjco.s0d., M.of time of (pH. of
Samp. (gelatin|sod.sulfi acid hyvdrox. sod.8ulfiselation mmabww
-
L o 2
8. | 0.00 | C.OW | === Obsw 0,000 m « 40 | L.-..w
l. | 0.60 | 0©.20 | 0.03 —— 17 0.118 £ 4 30 4,17
No . h 0.40 _ O.CW e mv.w O-NU.N m -. HW b.bﬁ
3. 0,60 0.03 — 17 04356 | 72 100 1 47
4, 0.80 » 0.03 — «57 0.474 5 . 45 4.7
Wo ‘ H.QCO _ OOOW - e _C...N,sw Otmw_‘ﬁ *. N ” H.M ] hra
e e s L L T T S — - e e e o .t e e e e s e S i
ba ] T 0.000 ﬂ 0.25 [—— 15| 3.0 T 0.000 [13 : 00 m.mm
6. 0.80 | 0.27 — 93] 3,0 0.118 6 : 15 | 2.85
\No 0.40 Com\m - .NW Woo C.NWQ m : HW Nomm
8. 0.60 0.50 i 50| 3.0 0.356 4 3 00 | 2.85
9. 0.80 0,53 ——r— 271 3.0 0.474 [3(cloudy)) 2.8
10, 1.0V @Hmnu@wﬁ# 28
B ] 0.00 T —— A 0.40 0.000 3 : 35 [11.68
) 0.10 _— 0.40 0.059 3 ¢ 30 [11.58
12. | 0.20 === | 0.40 0.118 3 : 10 |11.46
13, | | 0430 --—= | 0.40 0.477 2 1 45 [11.36
14, 0.40 PR 0,40 0.0%% 2 ¢ 10 [{11.30
15. 0.50 N 0.40 0.296 1 : 50 [11.30 | Chark
| No. 52
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GELATION OF GELATIN WITH THIQUREA AT pH. 3.45 *
Solutions :- At pH. 3.45

Wo.of| cc. .Jcc.tiMMol.of |%of |time of @
Sanmp. |Gelat. buf?:lure;?*th.urea gelat.gelati'c;1
3 1
1i 0.9 0.0 0.1 Ove g 2 :05
2. [ 0.8 0.l | do. do. 2 :50
Je | 0.7 0.2 do. | do. Z 4 :20
4, 0.6 0.3 | do. do. 5 :50
5. | 0.5 0.4 | do. do. 5 9 :10 | Chart
bs | 0.4 0.5 | do. | _do. 4 16 :30 ] No.93

Buffer o,eM, Na,HP0, . 0,1M Citkic Acid
Gelatin 10% mads wi%h components of above buffer,
(th.urea ) thiourea,2M in components of above buffersy

GEILATION OF GELATIN WITH GUANIDINE.HC1 at pH. 3,45 *
Solutions:~ at pH. 3.45

No.of| oce. CC. |00, Mol. of|% of Time of
| Semp. [Gelatbuff|Guan. [Guan. |GelatingGelation|
‘ / !
| L. 0.9 0.0| 0.1 0.2 9 1 : 8¢
2. 0.8 | 0.1] 0.l do. 8. 2 : 3o
v, it o.z 0.2 0.1 § do. g 3 : oo
4, 04 0.3{ 0.1 do. 4 ; 20
5. | 0.5 | 0.4 0.1 do. 5 6 1 25| Chart
& 0.4 | 0.5] 0.l do. 4 1o : oo, No.54

Buffer, o.2M, e, HE0, + 0.1 CItric Aold.
Gelatin 10% made wihﬁ components of above buffer.
(Guan.) Guanidine. HC1l,21 in components of above buffer.

Gelation OF GELATIN WITH POTAS3IUM CHLORIDE at pH. 3.45 *
Solutions:- At pH. 3.45

NC.OTF CC. | CC.| OC,|MOLl.0L| % of| Time off
Semp.jgelat. buff | KC1l,|[KC1 K61 |Gelatlonj
1. | 0.8 [o.0 |0.2 | 0.8 8 2 : 4o
2. 0.7 (o.1 [do. do. Z 3 1 @5
3. | 0ib |0.2 [do. | do. 4 : 15
4, | 0.5 [0.3 [do. § do. 5 6 : oo| Chart
5. Qo4 0.4' dO- do. 4 lO ? 20 No.ss

Buffer, o.2M, Na,HPO, + O.&M Citric acid
Gelation 10% madg wi%h components of above buffer.
KCl 4M in components of above.buffer.

* Samples were immersed in a water bath at 37°C
ros_é hour then transferred into a water bath, kept at
lo°C. ; '

The pH. of the solutions was determined by a glass
glectrode (Beckman pH. meter).
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R TE OF GELATION OF GELATIN S@LUTIONS AT pH.4.7*%

To.of | ce. ce, |Time of of
scmple|gelatin|buffer|gelution|gelatin
1. 0.50 0.50 2 115 5.0
2e 0.45 0.55 2 150 4,5
3. o.40 0.60 3 125 4,0
4, 0.35 .65 5 so00 2e5
5. 0.30 0.70 7 4o 3.0
6. | 0.25 0.35 9 :lo 2.5
T i 0.20 o.80 21 :o00 2.0

d

Solutions:- '
Acetate buffer 0.2M

PH. 4.7

: Gelatin 10% in above -
buffer

Chart

No. 1

RA'E OF GLLATION OF GELATIN SOLUTIONS WITH UREA AT pH. 4.7 *

No.of | co. 20 co. |Mol,of |Time of
semple | galatin| bufferures | urea _gﬁ%ation
0. 0.50 0.50 |o.00 0.0 2 :15
1. do. 0.45 |0.,05 0.2 5 too
2 G0 C.40 |0.10 0.4 3 !55
5. do. 0.55 0015 0|6 5 :20
4, do, 0.50 0,20 0.8 ‘, :25
5. do. 25 |0.25 l.0 11 :00
6. do. 0.29 [0.30 | 1.2 15 145
g. do. 0.15 |0.35 | 1.4 1_22 t15

" do. 0.l0 |C.40 | 1.6 Jabove 38

RATE OF GmLATION OF

Solutions:-
Acetate buffer,
* 0.2M pH, 4,7
Gelatin 10% in
+ above buffer,
Urea 4M in
above buffer
All solutions are
m:de to pH., 4.7 .

ehark
No. 2.

*
GLLATIN SOLUTIONSC WITH METHYLUEEA

at pF.o 4.7
$No.of CC. co. |oo.Meth-|Mol.of [Time of | Solutions:-
sample| gelatin| buffer,ylurea |M-urea|gelation; Acetate buffer
T T"+ 0.2M pH, 4,7 .
0. .50 0.50 0.00 0.0 2 115 Uztgzinbtgfein
1. do. 0«45 0.05 0.2 2 155 |+ Methylurea 4M.in
2, do. 0.40 0.lo0 0.4 3 :40 above Buffer
3. do. 0.35 0.15 0.6 4 :55 *
4, do. c.30 0.20 0.8 6 130
50 do. 0.25 0.25 l.0 8 tdo
6. do. oi2o0 0.0 1.2 11 00 | chart
1. do. | 0.15 | ©.35 | 1.4 | 13 :45 | O ”5
R _do, o.l0 | o.40 | 1.6 19 100 | "®

* Samples were immersed for 4 hour in a water bath a2t 37 C.

then transferred into a water bath at 10 C,

pH of solutions were

determined between2o 4 25 C by a glass electrode(Beckman pH.meter)
+ pH. of solutions were corrected to 4.7 bx

of the buffer (o.

M NaH30202

&

0.2M CH

3

.COOH

the components



R.TE OF GELATION OF GELATION SOLUTIONS WITH ALLYLUREA *

at PH. ‘07
TWo. of | ee. |oo. [00.all-|Wol.of [T1lme of | Solutions:-
Samp. (gelat.|buffer|ylurea |/-urea Celation acetate buffer
'i— 0.2M ]ﬂo 4,17
‘ ' n + Gelatin 10% in
O. 0.50] ©.50 | 0.00 0.0 2 115 above buffer
1. do. 0.45 | 0.05 0.2 3 :20 | + Allylurea 4M in
2. do. O.40 | 0.1l0 0.4 5 :00 above buffer.
3 do. | 0.35 | 0.15 0.6 7 :15
4, d40. | 0.30 | 0.20 0.8 | lo :3%0
5. 40. | 0.25 | 0.25 1.0 | 18 :40 Chaxrt
¥ 6. ao. 0.20 0-30 1.2 29 100 No -4

RATE OF GELATION OF GELATION SOLUTTIONS WITH THIOUREA *

at pH. 4.7
|No.of | oo. 00s |O0C.7hic| cl.,of|Time of | -
JSamp., gelat,|buffer|-ures, T—uroang%gtig%T Soiggiggzzburtor
| L2, M. 4.7
Oe 0.50 0.50 0,00 0.0 2 :15 ®
s d0. | 0.45 0.05 | 0.1 3110 | ¥ G:tg:‘nbtgﬁ.in
2 do. o.40 Ooig 0.% { ;-‘g’ l + Thiouresa 2M in
3. do. 0435 O. Ce :30
4, do. | 0.30 0.20 | 0.4 %2 115 | above buffer.
. do. 0.25 0.25 | 0.5 1l :00
2. do. | 0.20 0.30 | 0.6 |above 35{ %rnir
0.

RATE OF GLLATION OF GELATION SOLUTIONS WITH GUANIDINE
HYDROCHLORIDE * at pH. 4.7

1

No. oth coa Gc. eo.guan‘Eol.or Time of | Solutions :-
Joanp.  Ge . | buffer 1 Go%aglsn agetate buffer
‘ ‘ 0.2M, pH. 4.7
0. 0.50 0.50 ! 0,00 0.0 2 115 | + oolntin lo% in
1. | do. 0.45 | 0,05 0.1 | 3 100 ! above buffer
2. 1 do. 0.40 ] 0.l0 0.2 | B :00 | + Guanidine.NCl
. . o . . H a
3 do 0.35 | 0,15 | 0.3 1 :20 2M in above
4. do. 0-50 0.20 '. 0.4 10 !50 buffer.
2. do. 0.25 | 0.25 | 0.5 1; 100
. do. 0.20 | 0.30 0.6 27 130 Chor ¥
7. [ do. | 0.15 ; 0.35 0.7 | A7 00 No. 6

pH. meter).

+
of the

mn of
buffer (0..2)! M’OZOZ & O.2M CH’-COOH )

Samples were
then transferred into
were determined between 20

& 25 C by

{mmersed for # hour in a water bath at 37 C
a water bath at lo C. pH, of solutions

u glass electrode (Beckman

solutions were corrected at 4.7 by the contents



RATE OF GELATION OF GELATIN WITH s-DIPHENYLGUANIDINE .HO1*

at pHo "07
TNo.of| ce. 0c. ﬁ.a-di- Mol.of | time of |Solutions:- .
samp, | gelat, |buffer ﬁ 'guan, |s-diph|gelation Leoetate buffer
- OOZM' pH. 4,7
0. 0.50 | 0.50 0.00 0.00 | 2 t 15 |+ Gelatin lo% in
b A do 0.45 0.05 0.0¢ 3 : oo above buffer
2. do o.40 0.lo 0.04 | 4 : 15 |+ s-Diphenylggan~-
3. do 0.35 0.15 0.06 | 5 : lo idine.HClo.4M
4, do 0430 0.20 o.08 | 6 t 40 in above buffer
He do 0.25 0-25 0.10 801515
64 do 0.20 0.30 0.12 |30 : 52
g. do 0.5 0.35 o.l4 (15 : 5o
> do 0.lo o.40 0.16 |21 t oo | Chart
| No. 7
RATE OF FELATION OF GRLATIN SOLUTUORS WITH ACETAMIDE
at pH. 4.7 *
TFo.of| ec. ao. co. Mol.of [Time of |Solutions:=-
|samp, |gelat,|buffer|Acetamid aoetam‘golationL Acepapé buffer
; 0.2“ pH. ‘g?
o, | ¢.50 | 0.50 0.00 0,00 | 2 115 |+ Gelatin 10% in
11 do. | 0.40 o.lo 0.6 3 1 30 above buffer
2. do. | 0.30 0.20 2.2 5 : 15 |+ Acetamide 6M in
3. do. | 0.20 0.30 1.8 6 : Bo above buffer
4, do. o.lo o.40 2.4 9 : 15
5. do. | 0,00 0.50 3.0 (lo : 20 CX:WB\:
[+ I

RATE OF GELATION OF E}ELATIN SOLUTIONS WITH POTASSTIUM
CHLORIDE at px. ‘-07 " L

TRo.of| cec. G003 00. WMol,.of | Time ‘)?_Soluuons:-
{Samp, |gelat, | buffer| KC1l, KCl, |Gelation
e s e N Aoogts ‘mn‘io},'
L] H .
O. 0.50 0.50 0,00 o.,00 | 2 1t 15 b 3PS
3. | %do. | 045 | o.05 | 0.15 | 2 : 40 |* Gelatin 10% 4n
i 0. | O C. 0. 1
4. do, | ©.30 0.20 .60 | 4 1 45 buffer.
S. do. 0.25 0.25 .75 | 5.155
6. do., | ©o.20 0.30 0.90| 6 : 50 l
3. do. | 0.15 0.35 1.05 | 8.1 15
g do.. o.lg o.:o l l.gg %2 : 45
. do. 0.0 0.45 1. ! 00
1o, do. | o0.00 0.50 1.50 {19 : oo Chark
| No.4
I
* Samples were immersed for # hour in water bath at

37 C then transferred into a water bath at lo C. pH. of sol-
utions were determined between 20 & 25 C by = glass electrode
( Beckmen pH., meter).

+ pH. of solutions were corrected at 4.7 by the contents
of the buffer (o.2M 83350202 & o.2M nn,.coon )



GELATION OF GELATIN SOLUTIONS WITH CITRATE=-PHOSPHATE
BUFFER et pH. 4,7 *

] 0.,0f| 0OC. bu;;‘ % ozl TIibtot ISgt;;ionsci; o
mp. 8.4 | Oul er se;a nigelia on;| | er I «=rnospn,
I RIAN "%"""_ at pH.4.7
I 0050 De50 5.0 2 t od|+ Gelatin, 10% in above
20 00‘5 0155 ‘05 2 :1 buffer made to pH.‘a?
3 0.40 0.60 4.0 2 : 30
4, 0.35 0.65 2.5 2 : 20
g. o.gg 0.72 2.; ; H ;o
s 0. Q. . t 30! Char

GELLTION OF GELATIN SOLUTTONS WITH CLUSOSE AT pH. 4.7 *

NC.of| cO. 1n-b o:. 00. Hodao8 1; gf
3 .|gelatinjbuffer glucose ! elation
JM_B__L_a g1 | ; IE;_,.;
0. 0.30 0.!b 0.00 0.0 4 ; 40
1. 0.30 o.bo ! 6,10 c.z 4 : 40
2. 0.30 0.40 0.30 O. 4 ® 37
3. 0.30 0.20 0.50 1.0 4 1 32 Chart
4, 0.30 0.00 0.70 1.4 4 : 25| wNo.M
olutions: -
Bufter, Citrate phosphate at pH. 4.7
+ delatin, loj% in above buffer at pH. 4.7
+ Gluccse 2M in above buffer at pH. 4.7 -

GELATION OF GEIATIN WITH PO'TASSTUM SULPATE AT pH., 4.7 *

T¥o.0 ?ﬁ. }bu;a. ? cg. Mol.oo?TTimetgr
Semp. jGelatin; fer K.S50, K3 Ge%a on
D il —e—-—-*—-r— -
0. 0.3C 0.70 0,00 0.00 4 1 40
y I Go. o.éo c.1c .06 4 1 3o
2. do. c.40 0«30 0.18 4 : ob
3 do. 020 0.50 0.30 3 3 25 Chayt
4, do. 0,00 o.70 0.42 2 ¢ 50 No.12

Solutlons i~
Buffer, Citrate phcsphater at pH., 4.7
+ Gelatinj ir above turfer et pA., 4.7 ; 10%
+ Kaso‘, 0.6 in above buffer at pH. 4.5

Semples were immersed for # hour in water bath at
37 C.ther trensferrsed into a water bath at 10 C.
pH, of solutione were deternined betwoen (20-25 C.
by a glass eleotrode ( Beckman pH.meter.)
+ pH, of solutious were corrected to 4.7 by the
conternts of the buffer (co.7M Na HPO, ¢ 0.1M Citriec acid)



GELATION OF GELATIN WITH GLYCINE at pH. 4,7 *
Solutionlzz &
er (0.2M Na + 0.,1M Citriec mcid ) pH. 4.7
Gelatin,; 107 18 abdve buffer at pH. 447
Glyeine, 2M at pH. 4.7 in above buffer

Tic. of| ecoc. CC. 00, Mol.of Time of
|sample | gelatin| buffer ine|glycine Go%atio% )
0. 0,30 ooZo 0.00 0.0 4 3 40
1, do. 0.60 o.lo 0e2 4 ¢ 20
2. do. O.40 0.30 | 0.6 3 t 35
. 3- do. 0.20 0.50 l.0 2 : "
| 4 do. | 0.00 | 0470 | 1.4 2 1t 30 | Chart
| Be de. No.13

GELATION OF GELATIN WITH ALANINE at pH., 4.7 *
Soltlons :-
Buifer ( 0.2M Na HPO, ,0.,1M Citrie amcid ) pH. 4.7
Gelatin, 10% in fvove Butfer et pH, 4.7
Alanine, 0.76M in above buffer, et pH. 4.7

No, of| ec. | oo, 08,  |Mol, of| Time of

43auple gelatin tulfar alaninelalanina Gelation |
0. 0.30 0.20 0,00 } 0,000 I : 40
1. do. 0.b0 t o.l10 ’ 0.076 4 13 3o
2! dOI 0.4-0 0930 \ 0.228 4 i 00 C}\M"
3. do. 0.20 0.50 | 0,330 3
4, -do., 0.00 0,70 | 0,532 | 2t | No.14

GELATION OF GELATIN AT pH. 3.45 IN PHOSPHATE-CITRATE

BUFFER *
Solutions:-
Buffer (VU.2M, Na BPO‘+0.1H cltric acid ) at pH. 3.45
Gelatin 10% at pF. 3745 in above buffer

T¥o. of[ "oo. a6. | % of |Time of
ample golagiqwburrer Geletin ge%ption

3
1. 0.50 | o0.50 5.0 3 000

B 0.45 | 0,55 4,5 4 :10]
3. 0.40 | 0.60 4,0 6 :00
4, 0.35 0,65 3.5 8 :115

5. 0.30 | ©0.70 3.0 12 :3%o0
6. 0.25 0.35 2.8 16 tdo
g. 0.20 o.80 2.0 32 100

. 0.15 0:85 1.5 - = o CL\OJ'"

No .15

Sanples were immersed for # hour in water bath at
37 C. then transferred intd a weter bath at 10 C.

pi. of solutions were corrected to 4.7 by theq
componentd of the buffer.

The pH. of the solutions was determined at (26-25)C
by a glass electrode ( Beckman pH.meter.)



GELATION OF GELATIN WITH UREA at pH. 3.45 *

Solutions: -
Buffer,(c.2M Na +0,1M Citric acid) at pH. £ 3.45
Gelatin 10% at e« 2+45 in above buffer,
Urea 4M at pH. 3.45 in above buffer.

o. of[ oo, °e.

%E‘ e geletin| butfor

_ o 0.50 0.5

T do. 0.45

t 2. do. C.40

'} 2. { go. Oogb

i 3 {319 020 CJ’\M"‘
Se do. 0.,25/0.25 1.0 24 : 15

.i_.é.k dos | o.g0lo.30f 1,2 - - = | Neté

@ELATION 2F CRLATIN VITH METFYIVUREA at PHe 3.45 *
Solutions: -

Buffer, C.2u NaﬁgPO +0.1M Citric acld, at pH. 3.45
Gelatin 10% et fH. 3.45 in above buffer.
Methyluree (Murea) 3.81M et pH. 3.45 in above buffer.

No, of [ 00. | €G. | 0C. |Molarits|¥Ime of T
d8agmple [gelatin bulffer  Mures | of lures £elation]

Os 0.50 | C.50 | 0,00/ o0.00 3 : 00

1. ao. | 0.45 0.05 0.l 5 1 oo

e dos | Vedo | 0.10| 0.3 & : 45

3 do. } 0.35 | 0.15] 0.5 9 ! 30

4, do. | 0.30 | 0,20( 0,7 13 : 2o
I 5e dos | 0.25 | 0.25] 0,95 (19 : 00 | ChoavF
' Oe do, | 0420 0:’0 1.14 24 3o N 11
L 2. | des | oi1s 2433 |- = o= | No

CELATIONOF GELATIN TTH ALLYLURL. at pH, 3.45 *
Solutions: -
Buffer, 0,2M Nagm +Co1M Cltric acid, at pH, 3.45
Gelatin 10% at PH. $.45 in above Luffer.
Allylurea 2M e% pH. 3.45 in above burfer, ( iurea)

No. of[ ec. | 6e. | 00. |Molurity Time of |

050 & 0.50 | 0,00 C.0 3 ¢ Qo
1. i do. ’ O-‘-} 0.05 % 4 : 30
e do, | o©.40 o.loi 0.2 5 1 45
3. do. | 0435 | 0,15 0.3 7215
;- :Oo ] o.gg oag; 0.4 19 : 3o
. Oe O, 0, [+ ]9 ! 00

Ee . dos | ©.20 | 0.30 0.2 1? : 35 Chart

j G0. | 0415 | 0.35] o. 21 : oo | No.13

HI « (< PR 0e40] 29 :

. Sauples were immerssd for # hour in water bath et 37 C.
then transferrsd into o water bath at 10 C.

pli, of the solutions were scorrected by the components
of the buffer to pH, 3,45

The pH. of the solutions was determined at (20-25|C. by
a glass electrode (Beokman pH.meter).



GELATION OF GXLATIN

Solutions: -
B‘Ilfflr B O, al Na
Celatin 10% at

WITH THICURE: at pH. 3.45 *

2HP0 +0,1M Citrio I°1d at pﬂ- 3.‘5
pﬂ.‘3.45 in above hu:%or.

Thiourea 2M at pi. 3,45 in above buffer,

©. of | 00. | co. 00. Mol,of
: , bhioures | thiourea |
0. 0.80 i 0.50 | 0,00 0,0
1. do. 0.45 0.05 0.1
2. do. 0.40 | 0,10 042
3. ,do 0.35 0.15 0.3
4, do, 0.30 | 0.20 0.4
dods | 0, | 0,25 0227 ~0:3

GELATION OF GELATIN WITH GUANIDINE.HC1l at

Solutions:-
Gelatin 10, at

Chart
Neo.19

pH. 3,485 *

Buffer, o0.2M Na +0,1M Citric acid, at at pH, 3.45
%4

.‘5 ln «‘1bm buffe.'l‘.

Guanidine.HCl 2M at pH. 3.45 in above buffer.

6s. | oo, oI, of |Time of |
mwmm,

0.50 | 0.00 0.0 3 : Qo

0.45 | 0.05 0.1 4 : 50

0.40 | o.lo 0.2 6 : 50

0.35 | 0.15 0.3 9 1 25

0.30 | 0.80 0.4 12 : 55 | Chart

0.25 | 0,25 0.5 25 1 1o | N, 90
0220 | 0,30 | 046 |- = - -

GELATION OF GELATIN #ITH 8-DIPHENYLOUANIDINE.HC1 at PHe 3.45%

Solutions: -
Burfer, o0.2M Na
Gelatin 104 at

ﬁgPO +0.,1M Citric awid, at pH., 3.45
. 3.45 in above buffer.,

s-Diph;:;}guanidin..HCl( 8DGH )jo.4M at pH. 3.45 in sbove
er.,.
TRo " of T oe. ca. oc. [Mol, of |Time of |
Mmmum__%m gelation|

0. 0.50 0.50 | 0.00 0.00 3 : 60

1. do. 0.45 0.0’ 0,02 4 45

2. do. 0.40 | o0.l0 0.04 5125

3. do. 0.35 0.15 0.06 6 1 30

4, do. 0.30 | 0.20 o.08 | 8 : 30 v

S5e do. 0.25 | 0.85 0.10 [lo : 3o Chow

60 do. 0020 o.}o 0012 13 : l’ Nboli
L 7. | do. | 0,15 | 0.35 0.14 16 !

*®

then tronsferred into a water bath at 10 C,

» Of the solutions wmxx was

H
by a gfali eleotrode (

Beockman pH.meter,)

the oomponents of the buffer to PH. 3,45

Samples were immersed for # hour in water bath at

37 c.

determined at (co-25) C,
yand ocorreoted by



GELATION OF G.L TIN VITH ..CETAMIDE at pH. 3.45 *
Solutions:~
Buffer, 0.2M NaﬁgPo + 0.1M Citriec acid, at pH. 3.45
Gelatih 10% at . 3.45 in above buffer.
scetamide 3.8M in above buffer, at pH. 3.4 5

Wo. of | ee. | ©C. | 0O, {Mol.of |Time of

sampleggelatin|buffer acetamide acetamide|gelatio
f
0. 0.’0 0.50 0,00 0,00 . I OO
8 do, 0.40 o.lo 0.38 5 1 1o
2. do. 0.30 0.20 0.76 7 :+ 20
3. do. 0.20 0.30 1.14 lo t 30| (lioxt
1 4. do, 0.10 o,go 1,;2 %4 t 151 No.22
5, do. 0,00 0,50 _1.90 : 30 o2

GELATION BF GELATIN WITH THIOACETAMIDE AT pH. 3.45 *
Solutions:-
Buffer, 0.2M NaigPO +0.1M Citric acid, at pH. 3.45
Gelatin 10% at BH. 3.45 in above buffer.
Thioacetamide (T~-am.) 1.,6M at pH. 3.45 in above buffer,

TNo, of 8, ss. 0. : %di. of | )
sample|gelatin| buffer (T-am T-am, ) elatio
.
0. 0.50 0.50 0.00 0,00 3 1+ Qo
1l dO. 0.40 0010 0O16 6: 50
2. do. 0.30 0.20 0.32 12: oo | ¢
3. do. o.80 0.30 0.48 25: oo ‘&a*:;
‘. dO. 0_._;0 OQ"O OCS“ - W= - &

GELATION OF GELATIN ''ITH POTABSIUM CHLORIDE at pH. 3.45 *
Solutions:-
Buffer, 0.1M Citric acid + 0.2M Na, HFO4 , at pH. 3.45
Gelatin 10% at pH. 3.45 in above buffer.

Potassium chloride 3.8M at pH. 3.45 in above buffer.
o, o co. TH oG, Mol., of of [|
lsample|gelatin|buffer KC1l KC1 gelation|

0. 0.50 0.50 0.00 0.00 3 : 0o
1. do. 0.45 0.05 0.1 3 ¢ 35
2. do. 0.40 o.lo 0.3 4 : lo
3. do. 0.36 0.15 0.5 2 : 25
4, do. - | ©0.30 0.20 0.7 : 40
5, do 0.25 0.25 0.95 8 1 45

. do. 0.80 0.30 1.14 lo @ oo

g. do. 0.15 0.35 1.33 14 1 15 | Chort

. do. o.lo 0.40 1.52 18 : 40 | No.24

9 m. 5 0.45 m__24 H 42 L

*  Samples were lmmersed im water bath at 37 C.for %
hour then transgerred into a vater bath kept at 10 C.
pH. of the solutions was corrected by the components
of the buffer to p.Ho ).45
The pH. of the solutions was determined at (20-25) C.
by a glass electrode (Beckman pH.meter).



GELATION OF GELATIN IN CITRATEJPHOSPHATE BUFFER at pH.3.45 *
Solutions:-
Buffer, ©.2M laﬁgl’!) +0.1M Citriec ACID, at pH.3.45
Gelatin 10% at PH, $.45 in above buffer,

TNo.of | oe. 00, | % of |time of
Sample (Gelatin| buffer|Gelatin|Gelation

1. 0.50 0.50 5.0 2 ¢t 35
2. 0.45 0.55 4,5 3 1 15
3. 0.40 o.6bo0 | 4.0 3 : 40
4, 0.35 0.65 | 3.5 g t 50

5. 0. 0.70 3.0 : 30
6. °-gg O-ZS 14 : oo Chart
v 0,20 0.80 23 : oo} No.18

GELATION OF GELATIN WITH GLYCINE at pH. 3.45 ¥
Solutions :-
Buffer, 0.2M Na,HPO,+0,1M Citric acid, at pH. 3.45
Gelatin 10% at EHG 3.‘5 in above buffer.
Glyoine 2M at pH. 3.45 in above buffer.

TVe. o ec. c0. 00, |Mol.of |Time of |
ﬁgggg;gﬂgolatin buffer|glyeine | glycine Golatioﬁr
a- 0. 0.50 | 0.50 0.00 0.0 2 : 35
) S do. 0.40 o.lo 0.2 2 : 3o
2. do. 0.30 0.20 0.4 2 : 20
30 do. 0.20 0.30 0-6 2 : 05
4, do. o.lo 0.40 0.8 1l : 45
5 | do. 0.00 0.50 l.0 1: 35
b }. 0.30 W o.Zo 0,00 0.00 g 115
- . do. 0.b0 o.lo0 0.20 155
3. do. 0.50 0.80 0.40 8 : oo
. do. o.40 0.30 0.60 z : 15
9. do. 0.30 0.40 0.80 : 50
lo. do. 0. 20| 0,50 g.’a 6 : oo
11, do. 0.l10 0.60 .20 51 40J T
1%, do. 0,00 0.70 |- 1l.40 4 : A5 “;152

* pBamples were immersedf in a water bath at 37 C. for
# hour then transferred inté a waver bath kept at 10 C.
pH. of selutions wae corrected by the components of
the buffer to pH. 3.45
The pH. of the solutions was determined at (20-25)C
by a glass electrode ( Beckman pH.meter).



Chart No,

GELATION OF GELATIN WITH ALANINE at pH. 3.45 *
Solutions: -
Buffer, 0,1M Citrie acid+o.2M Na HPO,, at pH. 3.45
Gelatin 10% at pH. 3.45 in above-burfer.
Alanine o0.8M at pH. 3.45 inabove buffer.
TNo. of[ ee. ¢c., | o6, |[Mol, of| time of |
sample [gelatin|buffer /alanine jalanine| gelation
a| o. 0.§0 | 0.50 | 0,00 | 0.00 2 1 35
: do, 0.40 o.08 2 1 30
°l10
- 2 do. 0.30 0,20 | 0.16 2 1 25
3 do. 0.2 0.30 | 0.24 2 t 35
4, do. 0.1l0 o.40 0.32 2t lo
5. | do. 0.00 0.50 4 0.40 { 2 1 lo
b.| X. 0.3%0 o.Zo 0.00 | 0,00 9 : 15
- 6. do. 0.60 o.l0 | 0.08 9 ¢ lo
3- ﬁo- 0050 0.20 0016 - -
" do, 0.40 0.30 | 0.24 8 : %o
9. do. 0.30 0.40 0.32 - -
lo, do. 0.20 oj5 | o.40 8 1 15
110 d.O. 0.10 0060 0.‘8 - i
1. 12, do. 0,00 0.70 | 0,56 7.3 45

GLLATION OF GELATIN WITH POTASSIUM SULFATE at

Solutions: =

Buffer, o.1M Citric acid+o.2M Ka
Gelatin 10% at pH. 3.45 in above buf

Zurhe

Te

K,80, 0.6M at pH., 3.45 in above buffer.

27

PH. H 5.‘5 *
at pH. % 3.45

TNo. © co. 6o, TH ol, of| Time of
e
|sample gelatin|buffer| K,50, | K,S50, olat1Q%_”
a: 0. 0.50 0.50 n,00 0.00 2 : 35
l. do. n.40 o,lo 0.0 2 : 22
2 do. 0030 N.20 0116 2 : lo
3. do; n.20 0.30 | 0.18 1: 55
4, do. 0.10 n.40 0.24 l: 50
5. do. 0,00 k 0.50 0.30 1l : 45
.—-——-1-—-————-1--—--——4 —— . — S ——— ——— e - — - —— -
b. X, ®0.30 o.Zo ©0.00 | 0.00 9 : 15
—! 6. 0.30 | n.b0 n.lo | 0,06 Z : 20
g. do. n.50 0.20 0.12 : 35
" do. 0,40 0.30 | 0.18 6 ¢ 15
9. - do. 0430 0.40 | 0.24 5 : 40 ch
lo. do. 0.20 0.50 | 0.30 5 ¢ 15 art
11. do. 0.lo 0.60 | 0.36 4 : 50 No.28
112, do, | 0.00 | 0,70 | 0.42 | 4 : 15
=

Samples were immersed in a water bath at 37 C. for

¢ hour then transferred into a water bath kept at lo C.
pH. of solutions was corrected by the components of

the buffer to pH. 3.45
The pH. of the solutions was determined at ( 20-25)C

by a glass electrode ( Beckman pH.meter ),



GELATIO N OF GELATIN WITH GLUCOSE at pH. 3.45 *
Solutions: -
Buffer, 0.1M Citrie a01d+0.2I-NaZHPO4' at pH. 3.45

G"l&tin' 10%, at pHu 3045 in above buffer,
Glucose,2M, at pH. 3,45, in abowe buffer,

No, o cc., ce. 6c, |Mol, of|Rate of |
sample |gelatin|glucose| buffer|glucose| gelation

0. 0.30 0,00 0.70 0,00 9 : 15

1. do, o.lo 0.b0 0.20 9 : 15

2, de. 0.20 0.50 0.40 9 : oo

3. do. 0.30 o0.40 0.60

4, do. 0.40 0.30 o.80 8 : 30

5. do. 0,50 0.20 l.00

60 do. 0.60 o.lo 1.20 Chart

Te_1 do. 0.79 | 0.00 | 1.40 8 : 15 | No.29

GELATION OF GELATIN IN CITRATE PHOSPHATE BUFFER at pH, 8 *

T¥o. gt o;. R u;;. %loiin Rage 2?_'Solutionu-m tort

sample|gslatin er|gela elation| Buffer,o. Citrie
on acid+o0.2M Na,HPO,

5 0.50 0.50 5.0 2 : 3o at . 8

2. 0.45 0.55 4.5 2 + 55| Gelatin 10% at pH, 8

39 o.40 0.60 4,0 3 :50 in above buffer,

4, 0.35 0.65 3.5 6

2. o.); 0.7; g.o 12 1 45
. 042 O, 05 ! 00

g. 0,20 o.go 2.0 28 Chart
. 0,15 O.Bj 1.5 - W - NO.SU

GELATION OF GELatin AT pH.8 WITH UREA*

Solutionst:- Buffer,o,lM Citriec acid+o.2M N= 4 @t pH.8
Gelatin 10% at pH.8 in above buffer,
Urea 4M at pH.8 i1 n above buffer,

Vo, of | ee. co. 6o, |Mol, of|Time of
sggjla%‘elatin buffer| urea]| urea ¢ gelation
= | L
0. 0.50 | 0«50 |0.00 0.0 2 ¢ 3%
l. | do. 0.45 |0.,05 0.2 3 : 15
2. do. o.40 |0.1l0 0.4 4 : 05
3- do, 0.35 0.1’ 0-6 6 s 40
4. dpo ’ 0030 0.20 008 B H 45 Cﬁ,\m‘t
50 do. ‘ 0025 0.25 l.0 12 30
6, do. 4 0,20 [*) 1,2 20 : 0O No.31

* Samples were immersed in a water batR at 37 C. for &
hour then transferred into a water bath kept at 10 C.
The pH. of the sélutions was corrected by the components
Bxf of the buffer to the required one.
The pH. of the solutions was determined at (20-25)C. by
a glass eleotrode (Beckman pH.meter.)



GELATION OF GELATIN "ITH METHYLUREA at pN.8 *

§No.of[6c. [eoc. [oc. |Mol,|Time gf’* Solutions:- .
samp, [gelat | buff, jurea/ureajgelat on Buffer;o.1lM eitric acid
+0 ., 2M NS;HP04at EHB
0. |0.50 [9.50 |0.00| 0.0 2 1 3o Gelatin 10% at pH.
1. do. |0.4§ |0.1l0]| 0.4 4 : 25 in above buffer.
2. | do. [0.35 [0.15]| 0.6( 6 : lo Methylurea 4M at pH.8
3. | do. |0.30 |0.20] 0.8] 8.: oo im above buffer,
4, | do. [0.25 |0.25| l.0{ 11 : oo
5. do. |o.20 |0.30] 1.2| 13 : 25
6. | do. |o.1l0 |o.40| 1.6{ 28 : oo Chart
7. | 4o, |C.00 |0.50]| 2,0] = = = = No.32
GELATION OF GELATIN WI TH ALLYLUREA at pH.8 *
TWo.of| ec. | co. ARak M0 me of | Solutions:-
samp, |gelat | buff, Aursagelation Buffer,0.1M citriec acid
J " +0,2M Na HPO, at EHB
0. 0.50(0.50 |[0.00[ 0.0 2 : 30 Gelatin 1 at pH.
l. do. [0,45 [0.05| 0,1 31 lo in above buffer,
2. | do. |[0.40 [0.1l0| 0.2{ 3 : 5@ Allylurea (Aurea) 2M
3. do. |0.35 [0.15] 0.3|- 5 :o00 at pH.B8 in above
4, do. 0030 ’0020 0.4 ‘ : 30 buffer,
50 | do. 002& 0036 0-6 lo : 30
6, | do. [0.20 |o.40| 0.8 17 : 30| Chart
i 7. d0. Og_m ooﬁQJ 1.9 29 1+ lo No.33
GELATION OF GELATIN WITH THIOUREA at pH.S
TNo.of | es, | e¢o, |cc.T|M,of e of | Solutions:-
samp, (gelat | buff, (urea elation Buffer,0.1M oitrio acid
] T L +0,2M Na ,HPO ,at pH.8
o, | 0.50|0.50 {0.00| 0.0 2 : 30 Gelatin 10% at pH.8
1. do. |0.45 |0.,05] 0.l 31 15 in above buffer.
2, | do, |0.40 [0.l0| 0.2{ 5 : lo Thiourea 2M at pH.8
i. do. [0.35 o.%S o.i g 1t 40 in above buffer.
. do. (0.30 |0.,20] 0.49p 13 : o0 .
5, | do. |0.25 |0.25| 0.5] 24 ; 50| Turea for thiourea.
Chort No. 34

hour

Samples were immersed in a water bath at 37 C, for %
then transferred into a water bath kept at 10 C,

The pH, of the sojutions was determined at (20-25)C.
by a glase eleotrode (Beckman pH.meter).

The B pH. of the solutions was & corrected by the
components of the buffer to pH,8



GELATION BF GELATIN WITH GU-NIDINE.HCl at pH.8 %

TNo.of | 60, | 00.|s00. [Mol.of|Time of | Solutions:-
samp,.|gelatibuffefGuan|Guan, | gelation| Buffer,o.1M oitrioe
' " acid+o,2M NhRHPO‘
0. | 0.88|0.50] 0.00| 0.0 2 1 3o at pH,.8
W 0.50/0,45| 0.05| o.l 3 : oo Gelatin 10% at pH,.8
2. 0.50|0.40| 0,0 0.2 4 : oo in above buffer,
3. | 0.50[0.35| 0.15] 0.3 6 : 3o Guanidine.HC1l( Guan., )
4, | 0.50(0.30( 0.,20] 0.4 7 : %o at pH.8 in above
5. 0.50/0.25| 0.25 0.5 12 : oo buffer,
6. | 0.50/0.80| 0.30| 0,6 18 : 50| Choxt No. 35

GELATION OF GELATIN WITH ACETAMIDE et pH.8 *

TNo.of| oc. | ee. | 60, [Mol.of|[Time o Solutions;:=

|s o (gBlat buff,|acet.| . cet,|gelation Buffer,o.1M ocitrie

_QLrB!—_— i acid+o,2M Ne,HPO,
0. 0.50 0.50 0.00 o.b 2 1 30 at pH a
1. do. [0.40 [0.}0 0.4 ’ f 25 Gelatin 107 at pH.8
2, do. |[0.30 (0,20 | 0.8 4 : 4o | in above buffer
3+ | 4o, |0.20 {0430 | 1.2|.| 6 : oo Loetamide, (Acet.)
4, | do. [0.1l0 [0.40 | 1.6 7 ¢+ 25 4M at pﬁ in '
5. | do. [0.00 [0.50 | 2.0 2.1 2ol above buffer.

_ . Chart No. 36
GELATION OF GELATIN ' ITH THIOACAETAMIPE at pH.B *

|No.of | ece. ¢o., |oc¢.TL Mol.of Ti?o of Solutions: -
samp, |gelat | buff, |acet,|Tducet.|/gelation Burfer,o0.1M citric

1 ' N SRR S e 1 acld+o,2M Na,HPO,
0. | o.5¢|0.50 |0.00 0.0 2 13 at pH.8
l, | do. [0.45 [0.05 0.1 312 Gelatin 104 at pH.8
2, | do. [¢.40 |o.loO 0.2 4 1 45 in above buffer.
3. | do. |0.35 [0.15 0.3 6 : 35| Thiocacetamide, (Tiacet.)
4, | do. |0.30 |0.20 0.4 9 15 2M at pH.B8 in above
5. | do. [0.25 |0.25 0.5 15 : oo buffer,
6. do. 0.20 0030 0-6 23 H 00‘
1. | 40, [0,15 [0.35 | 0.7 labove 38! Chart N.. 3%

*  Samples were immersed in a water Mekkh bath at 37 C.
for g hour then transferred into a water bath kept at 10 C.
The pH.of the solutions was determined at (20-25)C.
by a glass electrode ( Rsxmx) (Beckman pH,meter,)
The pH. of the solutions was corrected by the components
of the buffer to pH.8 .,



GELATION OF GELATIN WITH POTASSIUM CHLORIDE at pH.8*

No.o Cco. co. Co.
samp, (gelat | buff.| KCl| KC1 |gelation
1

O. | 0.50|{0.50 0,00/ 0.00 2 ! 30
1. do., |[0.40 [0.l0| ©0.35 3 : 40
2, do. |0.30 '0.20 o.go 5 1+ 30
3. do. |0.25 '0.25 0.88 6 1 20
4, do. |0.20 [0.,30| 1,05 8 : oo
5. do, [0.l0 (0,40 l.40 11 : oo

i_b. | do. j0.00 jv.50] 1,75 | 16 : 15

GELATION OF

[No,of| oo, | 606, |ec, |}
, samp, |gelat buff, glye|glycingGelation

Mol,of [Time of | Solutions:-

Buffer,0.1M ecitric «
acid+o.2M Na2HP0
at pHoB i 4
§ Gelatin 104 at pH.8
in a2bove buffer.
in above buffer.
Chart
No.58

GBLATIN WITH GLYCINE at pH.8 *

Solutions:- at pH.8
Buffer,o0.1M oitric
acid+o.2M NaZHPO‘

l i
OoOOi

0. l o.50/0.50 2 § Gelatin 104 in
| 1., 0.50_‘0.40 °cl°] 2 13 ‘ abbve buff.r.
2. ) 0.50,0.30 /0,20, 0.40 | 2 : lo! § Glyoine, (glye) 2
3+ | 0.50,0.20 |0.30| 0.60 i 1 55! in above buffer,
l 4, | 0.50|0.10 ‘0.40| 0.80 1 50; Chor t
665, . ©0.50/0.00 j0.50] 1.00 | 1 : 30| W, 39

GELATEON OF GELATIN IN PHOSFH/ TE BUFFER at pH.11,5 *
Sclutions:-

Buffer,o0.lM NaOH+ o,2M Na, HFO,, made to pH.1ll.5
66 Gelatin, 10% in above buf?ar de to pH.ll.5

ec. 06, | % of |[Time of gelat
elatin|buffer gelatin/Gelation

T
0.50% | o0.5%0 5.0 16
0.45 0.55 4.5 22 .
01‘-0 0.60 4.0 3? C‘\‘\M"
035 065 3.5 | == ! Noao

* Samples were immersed in a water bath at 37 C. for &
hour then transferred intd a water bath kept at 10 C,
The pH. of soluticns was determined at (20-25) C. by
a8 glass eleotrode ( Beckman pH.meter ),
The pH. of the solutions vas corrected by the compo-
nents of the buffer to 8



GELATION OF GEL/TIN VWITH UREA at pH., 11.5 *

Solutions;
Buffer, o.lM NaOH+o,.2M Na,HPO mixed to pH. 11.5
Gelatin 10% in components-of ﬁurrer made to pH. 11.5
Urea 4M in components of buffer made to pH. 1ll.5

No. of| oc. e, cc. |Mol, of [Time o
|sample|gelatin| buffer urea urea |Gelation
J

0. 0.50 0.50 |0.00 0.0 16
1. 0.50 0.45 (0,05 .0.2 23 Chort
2. 0050 0o.40 |0.1l0 0.4 53 N°41
_5__,_ 0150 0035 0015 006 -

GEL  TION OF GEL/TIN WITH THIOURE. at pH.ll.5%%
solutions:~- .
Buffer, o.1M NaOH + 0,2M Na,HPO, , mixed tc pH. 1ll.5
Gelatin 10% in componénts of vuffer made to pH. 11.5
Thioure=a 2M in components of buffer made to pH. 1l.5

TRo. C €C. cc. ec. Wol.of |lime of |
gample|gelatin| buffer|Thiourea|Theiurea Gelation|
W
0. 0,50 | o0.50 0,00 0.8 16
2. 0.50 0.40 0.10 0.2 - NO.Q'I

GELATTION OF GEL/TIN VITH GUANIDINE.HC1 at pH., 11,5 *
Solutionst~
Buffer, 0.lM NaOH + 0.2M Na,HI0, , mixed to pH. 1ll.5
Gelatin 105> in components of béve buffer , pH. 11.5
Guanidine ,HCl1 2M in = 5 » " n nooom
Guan, for guanidine.HOl

TNo.mo 6c. | ©CO. | oG, dol.of[TlTa g?ﬁ’
1 t Buffer! CGuan.,|/Guan, |G tion
. sample |gelatin Buffer An 12 e ﬁ'
0. 0.50 | 0.50 | 0,00 |. 0.0 %6
1. 0.50 0.45 0.05 0.1 [} Chaoir
2 0.50 0.40 0,10 0.2 41 No *t
3- 0;50 0035 0.].5 003 - ’ ~

*  Bamples were immersed in a water bath at 37 C.
for : hour then transferred into a water bath kept at
10 C.

The pH. of the solutions was corrected by the
components of the buffer to pH. 11l.5

The pH. of the solutions was determined bg a
glas electrode ( Beckman pH.meter )



GELATION OF GELATIN ~'ITH POTASSTUM CHLOKIDE at pH.11.5 *
3olutionsi- at pH., 1ll.5

Buffer, 0.1M NaOH + 0.2M NagHPO

Gelutin 10% made with compoflentd of above buffer.

KC1 3.5M « u ° . .

e, of | oa. 63, | 00, [Mol.of Time of |
1samplergg;ﬁtin buffer| KC1 | KC1 |Gelatio

0. ﬁx‘o.j 0.50 | 0.00| 0.00 16
1. 0.50 0.40 o.lof 0.35 20 v
2 0.50 0.30 | 0.,20| 0.70 32 Char
5. 0-50 0020 0.50 1,05 Naeicrsd No'q'q'

GELATION OF GELATIN WITH Na-OLYCIN TEZatat pH. 11,5 *
Solutions:- at pl, 1l.5
Buffer,0.1M NaOH + 0.2M Na,HPO
Gelathn 10 made with oompgnenta of above buffer,
Na-Glycinate 2M made with components of above buffer,

[No.of | eo. co, ac, FMol.of Time of
sample gelatin buffer|Na-glycin,.|Na-glyein, gelatig%¢
i
0. 0.50 0.50 0.00 0,0 16:00
l. do. n.40 o.lo 0.2 1l:3%0
£, do, n.30 0.20 0.4 9:00
3. do. 0.20 0.30 0.6 9:00
4, do. 0.lo b.40 0.8 1l:00
5 do. 0.00 .50 l.0 1ll:00
Chart WNo. 435

GELATION OF GELATIN IN CITRATE-FR@SPFATE BUFFER at pH. 3.43*
Sclutions:= at rH, 3.4%

Buffer, 0.1X Oitric Acid + o.2M Na, HPO

Gelatin 10% made with comporents cf ab8ve buffer.

No. of| ©¢. | e¢c. |% cons.of|Time of |
lSemp, |gelatin|bufferjgelatin |[Gelation
1. 0'3 0.1 g l1: lo
2. 0. 0.2 1 : 3%
3. O, 0.3 2 : oo
4, o.z 0.4 z 2 : 30 Chart-
5- 005 0.5 5 5 : 20 ND.46
§ 6. | 0.4 | 0.6 4 5 &t 20

*  Semples were imuersed in a water bath at 37 C
for % hour then transferred intc & w-ter bath, kept at
lo C.

The pll. of the solutiond was determined by a
glass electrcde (Beckman pH,., meter.)



GELATION OF GELATIN ¥WITH POTASSYUM CHLORINDE®* 3 T

Solutions: Ne. 4%
Potdasswm chloride (24%) 3.22 ¥ in dist. water.
welatin 10, in dist, w ter.
Hydrochloric secid 0.2 N
fotasaium hydroxide 0,1 N

No.of oe.»b mo. oom oC. |CC.dist.|® of hbp.aowo a»mo Mﬂ~ PH. wm
sam elat EKC1, HC water elatin| of elatio e
Samp, gelatl) HCl | KOH or |gelatin] of KOl (gelation; sample
mu e Pooo 008 OOH..“ - o.mqu “.o Otog N : Hvo ‘.O-N“
) W 1.00 0.1@ ”o...._.oo_ —— 0.800 | $.0 0.161 2 ; 30
”. Hnoo OONO ‘OOPCO S o.ﬂoo Woo OUWNN N H wo
.W. H..OO o.uo r,.OH.U‘O N —— OO‘“o m.o o-&.mw u H 8
&.! Hrooo 0.40 O.Pg — c.uoo “oo OCm: ‘ : s
5. 1.00 0.50 [0.100, === 0.400 5.0 0.805 4 ;: 40
b.l 8. | 1.00 '0.00 10.500'0.00 | 0.500 | 5.0 0.000 3 1 101 2.75
| 6. 1.00 }0.10 '0.300/0.00 | 0.600 5.0 0.161 3 : 40 m.«u
m. 1.00 |0.00 {0.300/0.00 | 0.%500 5.0 0.322 3 : 50| 2.
» 1.00 10.$0 10.300/0.00 | 0.400 5.0 0.483 4 ; 20| 2.80
9. 1.00 [0.40 10.30010.00 | 0.300 5.0 0,644 4.: 50| 2.80
10. 1.00 10.50 {0.40010.00 | 0.100 §.0 0.805 5 : 40| 2.60
ml. 0& POQO o.g Wy 0.8 O'g “Oo 0.00 u : Wo HH..NQ
p & 1.00 [0.,10 |==== !0.40 | 0.50 5.0 0.161 3 : 40| 11.05 _
H.Nl Pag OINO . Oo’o 00‘0 mio OOUNN W H g HP'WW
13. 1,00 {0.30 |=====l0.40 ! 0.30 5.0 0.483 5 : 05| ll.50
U-#t Hvooo OI&-O e 008 olmo “oo o.o: ¢ : mo HH‘“O
13, l.o0c }0.k0 |==-- l0.40 | 0.l0 5.0 ! 0.805 8 : 3ol 1ll.60

* Samples were immersed for # hour in & water bath at 37 C then transferred
for gelation into a water bath at lo C.
pH. of sclutions were determined at room temperature (20-25) C by a glass
electrode, (Beckman pH. meter).



GELATION OF GELATIN EITH POTSSIUM NITRATE * Chart

Solutions :- No.43

Potassium Nitrate (20%) 1.98M.
Gelatin lon» in distilled water
Potas:ium hydroxide o.lN.
Nitriec soid o.2N.

_thon cc. ec. | CC. | ec. |cc.dist.| % of |mol. conc.| time of | pH. of |
p. §gelat KNO HNO.,| KOH water. @gelatin; of EKNO gelation| sample
| 3 3 - | —
9\% a. l.00 !0.00 | 0,125/ === | 0.875 5.0 0.000 .m,u 15¢ 4.6
- 1 as c.lo | 0.150| 0.05] 0.75 4,98 0.09 2 : 25! 4,175
2 do 0.80 | 0.050! === | 0,75 5.0 0.19 3 : ool 4.75
3. do 10,30 | ©6.,050! === | 0.65 do 0.29 4 : 20! 4,75
4, do o.40 | 0.150! 0.05| 0.45 4,98 0.39 5 : 30! 4.70
5. do 0.50 | 0.050! === | 0.45 5.0 0.495 7 : 40| 4.75
T‘ U- PCS 0,00 OQWO o o.vo u.o OQ‘OO W H Wo NQQ
=1 6. do o.lo do -~ | 0.40 do 0.09 4 : 15| 2.6
m. do 0.20 do -—= | 0.3%0 do 0.19 5 : 20| 2.6
. do 0.30 do | === | 0.20 do 0.297 6 : 501 2.6
9. do o.40 ! do === | 0.l0 do 0.396 8 : 25| 2.65
lo. do 0.50 do -—- | 0,00 do 0.495 11 : So| 2.63
C c. 1.00 [0.00 | === o.40| o0.60 5.0 0.000 3 : 30l 11,
1l. do o.1lo —_— do 0.50 do 0,099 4.: 45} 11.65
12. do 0,20 | === do | o.40 do 0.198 5 : 25! 11.65
13. do 0.30 | === do | ©0.30 do 0.297 7 : 15| 11.65

# Samples were imersed for § hour in a water bath at 37 C then transferred
for gelation into a water bath at 10 C.
pH. of solutions were determined at room temperature (20-25) C by a glass
electrode , (Beckman pH. meter).
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GELATION OF GEL/TIN WITH POTASSIUM SULYF:TE* ﬂ:&,f
< . 0.49
Solutions: otassium sulfrte 0.591 N
elatin 10 ¢ in distilled weter.
Sulfuric acid 0,25 N

Potassium hydroxide 0.1 N

. of|cc. gel-|ce. pot.|o0c. sulf.|oc. pot.|ce.dist. |’ of mol.conc.| time of of|
-Sample| stin. | sulf. agid | hydr, | water. |gelatin) pot.sulf.lgelstion [samp,|
- 0.60 0400 0.03 —— 1.37 | 3.0 0.000 6 ; 40 ...«
H.. OOS OONO | c.ou —— H.H.Q Uoo Otom “ : 8 “.
NO OOS o.s OlOV SR OOW.N Woc cot b.o“ 00 &voﬂ
W. O.’O o.g o.cu SE——— OQ.N.N W(o CDH.N V : U.“ *Oﬂ
&.‘ o.g Q.g Ooow —— Qo“ﬂ Wl( c.~ _ N H g ‘Oq
Wo Ooﬁo 1.00 OOO“ - Ocuﬂ U.O OQNW“ 4 : Uc “oﬂ
v. °|¢° 008 OtN“ s sngons o H-OH-“ w.o 0008 : 8 Ni W
@' o.g OONO OONQ e OOW“ “.o ﬁ o.ou PW : u“ NDN
m. o.wo o.s o.mq e o.d“ U.O OOHP N u om N.m
- O.S OOS O-N I OOWW u-o O-P\N H NW N-ﬂ
WO , OOQO . O.g OON e QQVN uoo “ QON “ H mo Mom
PO. i OOS { HOS i OOWH O OOS Woo » o.mw“ “ : uo ”o-ﬂ“
o. | 960 | o0 [ ___ 0.40 | 0.60 | 5.0 _h 0.000. | 3 : 30 |11.7
1. | L.00 | 50 | e—- 0.40 | 0.50 5.0 | 0.029 3 : 20 [11.75
PN- I hc.o w o.vo ' . { 008 [} o.*o “.O o.owm a “ : om HP.““
c. i ﬁ.b. . OOS ' s A o.s i o.uﬁ i Woo ~ _’ WH..Q
1. | .00 | 58 | --—= | 0.40 | 0.20 | 2:0 | 0.118 | 11.7

* Samples vere iumersed for 4 hour in a w ter bath at 37 C fe# then transferred
for gelation into a weter bath at 10 C
pH. of samples vere tuken at room temperature ( 20-25 C ) by a gl=ss electrode,
( Beckm:n pll. meter)



GELATION OF GEL/TIN ¥ITH MAGN:ZSIUM CHLORIDE* Clhart

solutions:- . Ne,50
Magnesium chloride, :ﬁowm.wﬂ 0, (40%) 1.97 Molar,
Gelatin lo% im distilled> atér.
iydroehlorie szcid, HC1l 0.2 M.
No.of cc. |co. cc. | cc.|Total | % of |Mol.conc.|Time of |pH.of
sample(gelatin|MgCl. | HC (0 gelatinjof MgCl, [gel:tion|sample
o A l.00 0.88[0,125]0,.87] 5.0 0.000 2 : oo| 4.75
1. do. 0.lo|0.120(0.78 do. 0.098 2 t 30| 4,65
2. do. 0.20|/0.l00{0.70 do. 0,197 3 : oo| 4.64
3. do. 0+30[0,075[{0.62] do. | 0.296 4, : oo| 4,68 §
4, do. o0.40{0.050|/0.55 do. 0.394 5 : 20| 4.73
5. do. 0.50|0.050,0.45 do. 0.492 7T : 20( 4.75
b.l B, l.00 0.00/0.50 |0.50} 2.00 5.0 0.000 3 : lo| 2.75
6. do 0.10!0.45 lo.40| 1.95 ' 5.12 ! 0,098 3 : lo| 2.74
m. do 0.2010.50 !0.30! 2,00 ! 5.0 .19 3 : 35 2.7
. do. c.30/0.475!0.2 do. 5 do. c.29 4 : 40| 2.75
9. do. | o.40f0.45 |0.10f do. | do. l 0.394 5 : 50| 2.73
lo. do. 0.5010.45 {0.05] do. do. ~ 0.492 7 145 2.76
|
_ w
|
4 I R R

* Samples were iimmersed for # hour in a water bath at 37 C then
transferred for gelation into a vater bath at 10 C.
PpH. of solution were determined at room temperature (20-25) C
by a glass electrode,(Beckmsn pH. meter)



GILATION OF GUIATIN "ITH M.GNE IUM SULY TE*
Chart

Solutions:- No.S1
Magnesium sulfate, ¥g30,.7H,0 , 1.83 M.
Gelatin 10% in distilled water
Sulfurie eeid, H,50, , 0.25 N.

|Fo.o cc. oo.] cc. | ©0. |Total | ¥ of |Vol.conc,|Time of |pH.OT
aanbwo nowmnwn,xmuo; m»mo» \mwo volume|g-latinjof MgS0, gelation|sample
£ —r
ol a, o.0 |0.00 [0.03 |1.37 2,00 3.0 0.000 6 140 | 4.7
1. | do. (0.20 [do. [1.17 | do. | do. 0.183 4 145 | do,
2. do. o.40 |do. [0.97 do. do. 0.366 4 :%30 | do.
3e do. 0.60 |do. [©0.77 do do. 0.549 3 :15 | do.
4, do. o.80 jdo. (.57 do, do. 0.732 2 :40 | do.
5. do. l.00 [do. 0.317 do. do. 0.9¢5 2 :15 | do.
b.! b. o.680 lo0.00 '0.25 11.15 | 2.00 34,0 0.000 13 :00 N.mm
6. do. 0.20 | do. |0.95 d0. do. 0.183 e 20 | 2.
m. do. o.40 | do. |0.75 do. do. 0.3%66 5 :00 | do.
. do. 0.60 ! 'do.7|0.55 do. do, 0.549 4 :15 | do.
9. do. 0.80 | do. |0.35 do. do. 0.732 cloudy | do.
m preciplit

* Samples were immersed for 4 hour im a water bath at 37 C. them
transferred for gelation into a water bath at 10 C.
pH. of solutions were determined at room temperature(2o0-25) C.
by a gless elasctrode, (Beckman pH. meter.)
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GELATION OF GELATIN WITH SODIUM SULF.TE * Chart
Soluti . No.52
olutlons: sodium sulfate 1.185 molar.
Gointin 16, in distilled water.
Sulfuric aecid 0.25 normal,.
Sodium hydaroxide 0.1 normal,
“Yo.o time of |pH. of|
|_samp, | sod,sulf muwlopwﬁénnnwwo
]
a. | 0.60 0,00 | 0,03 | =—== | 1.37] 3.0 [ 0.000 | (' 0| 4.7
1. 0.60 0.20 0.03 — 1.17| 3.0 0.318 6 : 30 | 47
Nl o.mo o.s o.ou —— OQWQ Woo OONW “ H.U #‘Q
3. | 0.60 | 0.60 | 0.03 | === | 0.77| 3.0 | 0.356 [ 2} 32| 4.7
4, 0.60 0.80 | 0.03 - 0.57| 3.0 0.474 2 N 45 4.7
5. 0.60 1.00 0.03 - 0.37| 3.0 0.592¢ 2 m 15 : 4.7
6. 0.60 0.20 0.27 ———— 0.93| 3.0 0.118 6 : 15 | 2.85
NO OOQO 008 OONQ b e OQQU uoo OQNW V : H.“ N.mm
. 0.60 0.60 0.30 - 0.50{ 3.0 0.35 4 : 00 2.85
W. o.ao o.mo OOUU - OON.N UQO o.h.d‘ WﬂOFO“&- N.mo
10. 0.60 1.00 preeipit| 2.8
- O ¢ $ |||+|||||+|||||n:aa|||||u;|| _—
C. Plg o.oco VG ——— o-s o.g “to o.ooo W : W“ lmm
HH. Haoo OOHO ———— o.s 00“0 m.o OQOWW U : Wo H.H-omm
12. L.0O 0.20 ——— 0.40 0.40] 5.0 0.118 3 : 10 [11.46
H.u' H.lo O.Wo T o.s Olvo “'o Qo”ﬂq N : &“ ﬁoum
PF. H.ooo 008 = e o.s OUNO “oo OQNWQ 2 H H.O HH..WO
15. 1.08 0.50 — 0.40 0.10| 5.0 0.296 1 : 50 [11.30

* Samples were immersed for ¢ hour in a water beth at 37 C then transferred
for gelation into a vater bath at 10 C.

pH. of solutions were determined at room temperature (20-25)C by a gless
electrode, (Beckman pH. meter).



GELATION OF GELATIN WITH THIWUREA AT pH. 3.45 *
Solutions -« At pH. 3.45

No.o TR b’ co.thiMol,o me o
JSamp.|Gelat. «lurea, | th,ureajgelat|gelatio
i 0.0 0.1 O. 2 305

o.g g
2. Q. 0.1 do. do, e 3’0
3. o.z 0.2 do. do. Z :§o
4, 0. 0. do. do. 150

: Chark

4
5
5. 0.5 0.4 | do. do. i 12 tlo b
g: 0.4 0.5 ‘ do. %o, :!o| °.
i er o. p Na + 0. 83 300 IQ
Gelatin 10% mad® with-onmpanontu of above buffer.
(th,urca | thiourea 2M in components of above buffery

;

GELATION OF GELATIN WITH GUANIDINE,.HCl at pH., 3,45 *
Solutions:- at pH. 3.45

No.of| co, co, /006, |Mol. © o Time of
JBamp, |Gelat|buf?|Guan. [Guan, [GelatingGelation|
/

L. o.g 0.0 0.1 t 0,2 g 1: 50
R« 0, o.1l] o,1 do. » 2 : 3o
3. o.Z 0.2; 0.1 § do. z 3 : oo
4, O, 0+.3| 0.l do. 4 : 20
5. | 0.5 | 0.4 0.1 do. 5 6 1 25[Chart
3 0.4 | 0.5] 0.1 do. | 4 lo : ool MNo.54

Buffer, 0.2M, 8, + 0.1M Citric Aeld.
Gelatin 10% made wihﬁ components of above buffer,
(Guan.) Guanidine. HC1l 2M in components of above buffer.

Gelation OF GELATIN WITH POTASSIUM CHLORIDE at pH. 3.45 *
Solutions:~ At pil. 3.45

TRc.ofF ec. | ce., oc, lnli,of| % of] e 0
Samp, (gelat|buff NC1l,|KC1 Kol Go%atiggh
1. | 0.8 |o0,0 |0.2 | 0.8 8 2 : 4o
2. o.z o.% do. do. Z 3 1 B85
3. O, 0. do, do. 4 : 15
l 4- 0.5 003 dO. ik do. 5 6 { 00 3“;
) 0.4 0.4 do. do. ‘ 10 r 20 o.S

Buffer, o,2M, Na + 0.dM Citric Aold
Gelation 10% nadé with somponents of above buffer.
EC1 4M iu components orf above buffer,

* Samples were immersed in a water beth at 37 C
rorci hour then transferred into a water bath, kept at
lo C,
The pH. of the solutions was determined by a glass
electrode (Beckman pH. meter),
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