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Gum arabic has been one of the most widely used emul-
sifying agents known, although its low viscosity has always
been a problem. The strong point in its faver is its abil-
ity to produce a strong tm,'bmm a fairly large quanti-
ty can be used without making an emulsion too viscous; the
strength of a film being partially dependent on the amount
of film former present. When compared with other gum type
agents, it ranks lowest in viscosity. (1)

A factor to be considered when acacia is used, is the
variation in quality and physical properties from lot to
lot. As will be seen later in the experimental work, there
are variations in the viscosity of the solution of the gum.
Since these difficulties arise when acacia is used, it was
Wummmm-muaueun
arabic acid or one of its salts would solve these difficul-
ties,

The problem, briefly stated, was to study the physico-
chemical and pharmaceutical properties of arabic acid and to
study the effect of cations or mixtures of cations on arabic
acid.

For this purpose, the following course of action was
followed, arabic acid solution was obtained in a very pure
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form, Since arablie acid solutions deteriorate on standing
and since different concentrations of arablc acid could be
more readily prepared from & solid form, the arable acid
solution was converted to a powlered form without changing
ite chemical and physieal properties. Thirdly, an investi-
gation of the physicochemical propertics of the mcid and its
salts was carried out, and finally, pesaibly pharmaceutical
applications for the noid and salts wero muua;

In order to obtain a complete pleture of arable acid,
the following disoussion describes the work whiok has al-
ready been done on the campound,.

CONSTXTUTION

Arablc acid is obtained from gum arable, which consiets
of the potessium, caleium, and magnesiun salts of arablie acid
along with some tannins, oxidases, and foreign matter, This
arabic acid was first mentioned by Neubauer in 1854, Upon
analysis he found that the hydrogen and oxygen was present
in the same ratio as found in water. (2) In 1868 Scheibler
obtained arabinose from arabic acid by decomposition., (2)

The presence of arabinose has been confirmed by others. (3)

Also among the early workers on arablc acid was 0'Sullie
van, He obtained an meid on sulfuric acid hydrolysis which
he called e-arabinosic acid, The acid, he claimed was very
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stable resisting the action of sulfuric ascid for several
hours. The moleculer formula was given as G”H”O”. He
arrived at this formula by the removal of 12 Ughy,0g mole-
cules from the original formula which he determined to be
089314'20,". The sugars he found were srabinose and galage
tose. (4)

Butler and Cretcher obtained amorphous aldobionic acid
on hydrolysis of gum arabic with sulfuric acid, Hydrolysis
was continued until polarimetric readings remained relative-
1y constant, Analysis showed the formula for aldobionic
acid to be CyoHzp0ip« The components of this acid were d-
glycuronic acid and galactose, These vworkers further stated
that aldobionic scid was identical with 0'Sullivan's ara-
binosic acid, since the analytical figures for the latter
correspond as well for C)oHan0), &8 for CaglzgOas. (5)

From the amount of iodine consumed on oxidation and the amount
of carbon dioxide liberated on boiling with 12 per cent hy-
drochloric acid as well as the percentage of caleium found

in the caleium salt, the aldobionic acid corresponds to a
compound containing one free aldehyde and one free carboxyl
group,

These workers alse determined by titration of arablc
aecld with alkali in hot and cold sélution that arable acid
exists to the extent of about 22 per cent as the ucﬁm. It
has been determined that only tPaces of lactone exist in the
gum itself,



Heidelberger and Kendall obtained a;‘obtaio acid in
the erystalline form. Besides confirming the work of Butler
and Cretcher, they also concluded that the glycuronic aecid
was linked to galactose by either a 1,3 or a 1,6 linkage. (6)
Challinor, Haworth, and Hirst confirmed the work of Heidel-
berger and Kendall and also showkd that the linkage was 1,6.
(7) ZLevene and Tipson demonstrated mF-nunuu linkage
in the acid. (8)

A considerable amount of work was done by Smith and
Jackson on the structure of arabic seid. It was found that
on autohydrolysis several sugars and degraded arabie acid
were contained in the molecule, In their first work l-arab-
inose, l-rhamnose, and 3-d-galactosido 1-arabinose were
characterised. (9, 5, 10) The degraded arabic acid appear-
ed to be the basic nucleus of the aecid, and it was made up
of galactose and glycuronic acid. (11) Hydrolysis of the
methyl ester of the methylated degraded arabic acid ylelded
2333436 tetramethyl galactose (1 molecular proportion),
23334 trimethyl galactose (5 molecular proportions), and
234 dimethyl galactose (3 molecular proportions), and 2333k
trimethyl glycuronic acid (3 molecular proportions). The
identification of these methylated derivatives shows that 136
and 133 glycosidic linkages are present in degraded arabic
acid, and that the sugar units all of which have pyranose
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rings are joined in a branched chain type of structure prob-
ably having four terminal or end residues. (11) Graded hy-
drolysis of methylated degraded arabic acid gave a hexamethyl-
6-p-glucuronosidogalactose which suggested that the terminal
groups of the degraded acid were made up of this compound.
(12, 13) The formation of 3-galactosidogalactose by prolong-
ed autohydrolysis of degraded arabiec acid proved that some
of the galactose units are joined by 133 links. (14) The
identification of the hydrolysed products of methylated
arabic acid demonstrated the branched chain structure of
arabic acid and also showed that the labile sugar residues
are joined to the nucleus of degraded arabic acid in the
form of 1-arabofuranose, 1-rhamnopyranose, and 3-galacto-
pyranosido-1-arabofurancse. The presence of a 134 linkage
was also proved to be present. (15)

Hirst has set up the following structure which he be-
lieves may be that for the repeating unit of arabic acid. (16)
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Gal = d-galactopyrancse
Gly = d-glruronic acid
R = l-rhamnopyranose
A = l-arabofuranose
The numbers indicate the linkages between the component
compounds .
PHYSICAL CONSTANTS
Molecular Weight
The mean molecular weight of the gum has been determined
using three different methods. One method by which the mole-
cular weights were obtained was based on the measurements of
rate of sedimentation in the centrifugal field and rate of
diffusion, another was obtained from sedimentation equili:-
brium deteminations, and the third was obtained by the os-
motic pressure method. In the first case the molecular weight



was calculated by means of the formula:

" e
‘ sl
\d\oﬁ R = gas constant, T = absolute temperature, s = sedi-
mentation constant, D = diffusion constant, V = partial
specific volume of the substance, and € = the density of the
solvent which is water.

From the sedimentation equilibpitm' method the molecu-
lar weight was calculated by means of the formulag

l-zl!l_;_gh‘ﬂ‘)
-Qo.)

where ¢, and ¢, are the concentrations at the distances x)
and x, from the center of rotation and w is the angular vel-
oeity of the centrifuge rotor. (17)

From osmotic pressure measurements the molecular weight
was calculated by means of the formula;

P"+ RT
where P = osmotic pressure, v = volume of the solution, g =
weight of the solute, and M = molecular weight.
The molecular weights obtained from the first method
using the acid gum were 279,000 and 319,000. The difference
in these two values was due to different diffusion constants



obtained by different means of caleculation, Values obtain-
ed using sodium gum were 247,000 and 267,000, The latter
values are in close agreement with the values obtained by
Qakly for electrodialysed gum, They were 245,000 - 286,000,
{18) This is surprising since the former gives the weight
average whereas the latter method gives a number average.
By the sedimentation equillbprum: method a mean value of
307,000 was obtained,
Equivalent Weight
- Values for equivalent weights vary between 1000 to
1400 in the literature. Saverborn reported an equivalent
weight of 1314 and 1309 obtained by titration of the acid
at room temperature using bromthymol blue as the indicator.
(17) 982 and 997 were the values obtained from titrations
after heating the mixture of solution and standard alkali
at 100°C. for half an hour. (17) The values 1318 and 1308
were obtained by a determination of the sodium content of
the sodium salt. (19) Tiebackx gave a figure of 1210 as
the equivalent weight. (20) Briggs gave 1175 as the equiv-
alent weight. (21) Thomas and Murray reported an equivalent
weight of 1177. (22) Lactone formation as discussed above
may account for the different results obtained.
Optical Rotation

Ragukin has reported the specific rotation of arabic

acid as -27.86° for a 2 per cent concentration at 25° C. (23)



Thomas and Murray have reported a value of -24.3° for a
1 per cent concentration at 25° C. (22) Smith has reported
a -28° for a 2 per cent concentration at 20° C. (9)
pH Titrations

Upon titration the acid behaves like a monobasic acid
although there is more than one acid group present.. (21, 22)
Briggs has given an explanation for this phenomena. He states
that the aecid hydrogens must be so far apart in the mole-
cule that the ionigation on one group has no intramolecu-
lar influence upon the tendency of the other groups to
ionise. Another possibility he gives; that every ioniszable
‘hydrogen present has a dissociation constant somewhat dif-
ferent from every other one and that these constants for
the various acid groups are rather uniformly distributed
throughout the buffiér range of the acid. (21) The pH of a
one per cent arabic acid solution has been reported by
Thomas and Murray to be 2.7. (22) Briggs reported an ap-
proximate pH value of 2 for a 5 to 10 per cent solution of
arabie acid., (21) Both determinations were made potentio-.
metrically.

Dissociation Constant

Amy gives a value determined at 22° G. of 2.0 x 10~%,
(u)mmmmmunmru”
to 100 grams of arabic acid per liter was 1 x 10~> and at
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infinite dilution (extrapolation value) it was 2 x 1077,
The author explained this difference by making the assump-
tion that a reversible peptisation of the micella occurs at
high dilutions, and that this is accompanied by a marked de-
crease in the dissociation tendeney of the acidic groups on
the micella. (21)
Viscosity Determinations
To be discussed in Part II of this thesis.

Very little work has been described in the literature

for arabic acid. Since gum arabic comsists of the salts of
arabic acid, a discussion of the pharmacology of gum arabic
is also included.

~ Cserny in his work on animals concluded that a consid-
erable amount of acacia could be injected into normal ani-
mals without apparent injury. (25) Brlanger and Gasser cite
a series of cases in which acacia-glucose solutions were ad-
ministered. Distinet improvement was shown after the patients
have been in shock. (26) Gross evidence of toxiecity was not
seen by Huffman following the intravenous injection of sol-
utions of acacia and sodium chloride in cases of shock. The
blood pressure increased, pilise rate decreased, the respira-
tion despened and the general condition of the patient improved.

!
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Injurious effeets on the kidney were not seen, and chemical
echanges of a harmful nature in the blood were not apparent.
Physico-chemical changes in the blood did not lead to harm-
ful alterations in the physiological processes. About 6
days were required to rid the blood of acaeia. Pathologiecal
‘changes resulting from the acacia wise not demonstrated at
necropsy. These results were obtained from about 200 cases
in which acacia and saline were given. (27)

Bayliss also observed that acacia was effective in re-
placing blood lost unless the blood loss amounted to more
than 70 per cent of the blood volume., He found that acaecia
does not produce anaphylaxis, hemolysis, or agglutination of
blood corpuseles in man. (28) Matill found that a 3 per cent
acacia solution with a 30 - 4O per cent glucose solution was
capable of maintaining blood volume in spite of a marked
glucose diuresis. A six per cent acacia solution also pre-
vented the diuresis. (29) Butt, et al have found that the
administration of acaecia results in a short temporary in-
erease in the colloid osmotic pressure, a decrease in the
total serum protein concentration but practically no change
in serum albumin. (30)

Although there has been much evidence in favor of acacia
there has also been much evidence against its use for intra-
venous injection. Andersch and Gibson produced evidence of
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acacia toxieity. They found, that after injection of 10 ecec.
of a 30 per cent solution, the acacia disappeared from the
blood in two to three days and that 50 per cent of it had
been taken up by the liver and was removed quite slowly.
Some was also found in the spleen and bile. Upon histolog-
ical examination it was found that the liver ecells had been
affected producing large vacuoles in the cells, although
the Kupfer cells were not damaged. It was stated that it
may be the reticulo-endothelial system: which wdase responsible
for the retention of the gum. This work was done on rabbits.
(31) Liver injury was also shown by Erickson and Heckel. (32)
Hanzlik, et al noted disturbances in the acid-base balance
of the blood on intravenous injection. (33) Karsner and
Hanslik found that a one per cent acacia solution caused
agglutination of humsn, cat, and guinea pig blood in vitro.
The acacia also caused hemolysis. (34)

Jackson and Frayser in a study of the effect of acacia
on the blood found that plasma and blood volumes were in-
creased after acacia was given intravenously to dogs with a
proportionately greater decrease in the total proteins.
Plasma volume returned to normal quickly, but protein regen-
eration was delayed. They likewise found acacia in the liver
and spleen. Hemoglobin, cell volume, and red blood corpuscle
count decreased markedly and regenerated slowly. The white
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blood corpuscle count showed no appreciable change, This
meant that intravenous injection in c¢ase of nephrosis would
be contra-indlcated since the serum protqin level is an im-
portant consideration in nephrosis. (35)

The only mention of arabic seld was in a report by
Schwartze and oe-work;n whe studled the actlon of acacia
and arablic acid in salt solution on the blood. They found
that agglutination occured, and that the sedimentation rate
was greatly increased in many of the cases in which t&u
substances were used, (36)

Acacia is no longer used as a blood substitute, be=
cause blood plasma and whole blood are available to such
an extent that the use of acacia ls unnecessary.

A method of preparation for salts of arablc acid with
anesthetic bases has been described. The bases used were
eocaine, tropacocaine, stovain, novacein and analgous com-
pounds. It was stated that the duration of anesthebia was
three times as long with the arabic acid salts of the bases
as with the chloride salts and that the toxie symptoms were
lower. (37)

PREPARATION OF ARABIC ACID
This will be discussed in Part I of this thesis.
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This portion of the report has been divided into three
sections. The first portion deals with the preparation of
the arabic acid solution. The second portion discusses the
conversion of the arabie acid solution to the powdered form,
and third, the preparation of the salts of arabic acid is
described.

ARABIC ACID SOLUTION

Until recently, the only method for the preparation of
arabic acid which had been reported was what might be gen-
erally called the acid-aleoholic precipitation method. (4,
17,20,21,22,38,39) The earliest method was described by
Graham in which he obtained arabic aecid with 0.1 per cent
ash content by dialyszing a 20 per cent solution of gum
arabic with 4 or 5 per cent hydrochloric acid for 5 days.
(22) oO'*Sullivan obtained arabic acid by adding to a solu-
tion of the gum, 2 to 3 times the amount of hydrochlorie
acid equivalent to the metallic ions present and removed
the chlorides by precipitation of the arabie acid with al-
eohol. This procedure was repeated 3 to 4 times. (4)

A method used in the present investigation was that as
described by Saverborn. (17) The acid was prepared by
acidifying a 20 percent aqueous solution of gum arabic with
hydrochloric acid and precipitating the acidified gum in 3
volumes of alcohol. After three precipications the gum was
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again dissolved in water and dialysed for one to two days.
The ash content was reported to be reduced to 0.05 per cent.
Briggs reported an ash content of 0.05 per cent after only
one precipitation, but he electrodialysed the solution for
one week. (22) Holler and Frankfurt used acetic acid instead
of hydrochloric acid in the preparation. (39)

Another method has been recently described which makes
use of ion-exchange resins to remove metallie ioms. (40)
A column made up of Amberlite IR~100 was used. A 0.1 per
cent ash content was reported. This method was also utilized
in the present investigation. |

The eationic type resins which can be used to remove
metallic ions possess reactive acid groups. These acid
groups may be either carboxylic, phemolic, or sulfonic in
character. Of the three the sulfonic acid group is the
strongest. Two of the resins used in the research work
were IRC-200 and IR-120. Both of these resins have a
sulfonic acid group as its reactive group. The IR-100 men-
tioned above alsc has a sulfoniec acid group as its reactive
group. IR-120 has 4 times the capacity of IR-100 and is
also the most stable of the resins of this type. (A1)

Experimental Procedure

Alcohol Precipitation Method

Arabie acid was prepared by acidifying one liter of a
20 per cent solution of gum arabie (Penick Co.) with vary-
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ing quantities of hydrochloric acid. Smaller quantities of
hydrochloric acid were used in the beginning than stated in
the literature in order to find the minimum amount necessary
to cbtain an arabic acid solution with an ash content of 0.05
per cent or less. The acidified solution was then poured in-
to three volumes of 95 per cent ethyl alcohol with rapid
stirring. The alcohol was then decanted off the white gummy
precipitate. The precipitate was dissolved in water, acid-
ified again and reprecipitated three or four times. The
solution was then dialysed for 24 hours. Table I showsy
the work done and the results obtained. Although larger
quantities of HCl were used than given in the literature,
no ash content values were obtaingdd as low as stated in the
literature.

Another check on the purity of the compound were the
equivalent weight determinations. These were carried out
by titration with .1040 N. sodium hydroxide using brom-
thymol blue as the indicator. The values obtained ranged
from 1300-1600 with an average value of 1370. These values
m““wﬂdﬁﬁnﬂdvﬂmoﬂvnm&mxy.

Since the goal was to obtain arabic acid with an ash
content of 0.05 per cent or less, the method given above

would be unsatisfactory. The procedure was also tedious,
and only small batches could be prepared at one time. It
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was also noted that a considerable amount of sedimentation
Mﬁﬂﬂﬂaam

Table I
Number of Per cent
1 0.05 3 1.25
¥ : 0.07 3 0.6
3 0.1 3 0.53
4 M with 0.8 0.31
..l.':ih 1lst precipi- g .
5 Same as M 3 o._u
6 0 wi 2 .
3 ttrr” .&h :u mole 3 0.13
pitation
7 first with 0.2 R
’5 i ﬂ. 4 0.06
8 " _ 0.07
9 " 0.04
10 ‘ eom. ‘ 0.06
1 " 0.16
1z " 0.6
13 " 0.06
1k 0.8 mole & 0.08
15 " 0.07
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Ion-exchange Method

IRC-200, a hydrogen activated resin, was chosen; and a
small column was set up containing approximately 400 gms. of
resin, 1600 cc. of a 3 per cent solution of acacia was pass-
ed through the column., The ash content of the solution after
passage through the column was 0.04 per cent, which was in
the range desired. The acacia solution was poured through
in inerements of 1600 c¢c. to determine the maximum amount
which could be put through the column before the ash con-
tent would rise. 3 batches were put through before the ash
- content went above the maximum standard set. A 5 gallon
batch of arabic acid solution made up of one gallon batches
*ﬁhhdmm had an ash content of 0.019 per
eent and an equivalent weight of 1203.

From the equivalent weight and ash content values which
were obtained, it was seen that the method would be suit-
able, and therefore, a large column containing 6 pounds of
IR-120 (Na activated) was set up. The resin was changed to
a hydrogen activated resin by putting through a 10 per cent
solution of hydrochloric acid and then rinsing the colwm
with distilled water.

Upon experimentation it was found that it was possible
to put through 10 gallons of a 7 per cent acacia solution be-
fore regeneration was necessary. In order to have a good mar-
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gin of safety only 5 gallons of acacia solution was put
through each time, and then regeneration of the column was
earried out, Table II shows the ash content of numerous
batches of arabic acid by the ion-exchange process.

_Table II
Batches Ash Gontent
L-I, B-I -019%
L-IX, BT .05
B-1I .05
~ Ban .05
L-III, B-I 0h
B-I1 .03
B-III 04
B-IV 05

The acacia used came in 25 pound lots. Three different
lots were used as indicated in the table.

Regeneration of the column was carried out by putting
through a 10 per cent solution of hydrochloric acid and then
washing the column several times with distilled water until
the water coming through the column tested 4 parts per million
as sodium chloride on the Barnstead Purity meter. This read-
ing was the same for the distilled water obtained from the
tap.




PREPARATION OF THE POWDER

_“Some attempts have been made to obtain arabic aecid in
the dry powdered state, but no successful methods have been
reported. (9,24,22,3) It was noted by Thomas and Murray
that arabic acid on drying either with aleohol or by heating
under vacuum renders it practically inscluble in water. (22)
Amy also states that when arabic acid wes dehydrated it was
eonverted to an insoluble acid which he called meta-gummic
or meta-arabie acid. (24) He also stated that when alkali
was added the acid swelled and dissolved. On the other hand
Smith appeared to have obtained a soluble product by drying
the alecohol-precipitated acid under vacuum.(9) Carrington,
et al dried an arabic aeid solution under vacuum at 50° C.
and apparently were able to dissolve it again. (3)

Experimental Procedure

An investigation was carried ocut on methods of obtain-
ing arabie acid in the dried form. Arabic acid precipitated
from solution with 95 per cent alecohol was dried in a vacuum
oven at 50° C. The product obtained was insoluble in water.
Aloohol precipitated arabic acid was dried under vacuum at
room temperature (24°). The product was also insoluble in
water although the powder did hydrate to some extent. Two
arabic acid solutions were dried under vacuum; one at 50° C.
and one at room temperaturd. The former was insoluble in
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water, but the latter was soluble. Although this procedure
resulted in a soluble product, the method would not be feas-
ible because of the length of time required to evaporate the
solution to dryness, and the quantity which could bde made at
one time would be small., For this reason the spray-drier
was considered as a possible method for obtaining the powder.
The spray-drier subjects the solution to drying temp-
eratures for a very brief period of time, Drying is almost
instantaneous. GConsequently, no changes occur in the com-
pound which would make it insoluble. The spray-drier has
been described previously by Sidney Riegelman. (42)
Spray-drying of the arabic acid was carried out at
4L00° F. Approximately 8 hours were required to spray-dry
5 gallons of solution. Table III shows the yields which
were obtained by this process., The per cent yilelds were
mum.anMdmmueammu
the walls of the spray-drier,
mmmmmummsm—anumo
was a fine white powder with a starch-like texture. It
went into solution more slowly than acacia, because it has
a tendency to clump together more readily than acacia. This
was probably due tc the extreme fineness of the powder.
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Table III

Batehes  Per cent yleld
11, B-1 %
1-1I, B-I 40%
B-IT 50%
B-III -
L-I11, B-I 10%
B-II 50%
B-III 809
B-IV 80%

SALTS OF ARABIC ACID

: Inorganic

Krants and Gordon have prepared several salts of arabie
agid. They prepared the sodium salt by addition of sodium
carbonate to a solution of acacia to preecipitate out the
caleium ions. The solution was filtered and the filtrate
manuma'-mnn.mmu-
salt was prepared by adding an excess amount of magnesium
muum.M.MMmdmmum-
uuqmamhﬁ. The ferric salt was prepared by add-
ing ferric chloride solution drop by drop to a 20 per cent
acacia solution until a gel of uniform reddish brown color
and stiff consistenecy was obtained. Preparation of the lead
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arsbate was attained by treating am acacia solution with a
solution of lead subacetate until a precipitate was no longer
obtainable. The precipitate was washed free of soluble lead
salts and dried to constant weight at 100°¢C. (38)

The sodium, potassium, lithium, and caleium salts have
been prepared by neutralisation of arabic acid with the hy-
droxides of the metal desired. The salts were dried in
vacuo at 70° G. (21) In a similar manner others have pre-
pared the sodium salt. (17,22)

In this project only the sodiuwm salt was prepared in
the powdered form. All the other salts were kept in solu-
tion for viscosity determinations deseribed in Part II of
_m. thesis,

Sodium Arabate--An arabic acid solution was neutralised
with 0.5 N. sodium hydroxide to a pH between 7 and 8, This
solution was then spray-dried at ALOO°F. 85 x 1074 equiva- s00 €8
lents of sodium hydroxide weseneeded to neutralige 10 grams . °
of arabic acid.

The powder cbtained was white and of a fine texture.
The powder was soluble in water, and its solution had a pH
of 7.

Potassium Arabate--The arabic acid solution was raised

to pH 7 with 0.5 N. potassium hydroxide. The amount used was
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equivalent to the amount of sodium hydroxide needed to pre-
pare the sodium salt.

Caleium Arabate--0.25 grams of salcium hydroxide was
added to approximately 100 cc. of a 10 per cent solution of
arabic acid. The amount of calcium was slightly in excess,
and this excess was filtered off from the solution. 0.213
grams of caleium hydroxide is the exact amount needed to
neutralisze exactly 10 grams of arabic acid,

" Magnesium Arsbate--0.4 gram of magnesium carbonate was
added to 50 cc. of a 20 per cent solution of arabic acid
and the excess filtered off.

Zinc Arabate--In this case sinc chloride was used. 0.58
"blldﬂl‘ﬂﬂ“.*ﬂ‘lihﬂ“mnm“
complebely react with 10 grams of arabic acid, was used. Hy-
drochloric acid is also present in the sclution giving it a
low pH.

Ferric Arabate--Although ferric chloride added to gum
arabic will produce a gel, the addition of ferric chloride
to arabic acid will not produce a gel unless the pH of the
arabic acid solution has been raised to 5 with sodium hy-
droxide solution.

' 10 grams of arabic aecid in 25 ce. of water was raised
to pH 5 with 0.5 N. sodium hydroxide. Then 4 ¢c. of a 20
per cent ferric chloride solution was added. A very stiff
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gel was formed. The amount of ferric chloride added was
equivalent to the amount of sodium hydroxide needed for neu-
tralization of the arabic acid. The solution also contains
some sodium chloride.

The gel on heating became fluid, but on cooling it re-
turned to its original consistency.

Aluminum Arabate--A 20 per cent solution of arabic was
raised to a pHl of 7 with 0.5 N. sodium hydroxide. 25 x 10™*
equivalents of aluminum chloride in the form of a 20 per cent
solution wereadded. Then more 0.5 N. sodium hydroxide was
added to raise the pH to 7. After this addition a gel was
formed. No gel would form below pH 7. Sodium chloride is
present in the solution.

An attempt was made to prepare the gel by adding suffi-
cient sodium hydroxide solution to compensate for the lower-
ing of the pH of the aluminum chloride solution before addi-
tion of the aluminum chloride. This brought the pH of the
arabic aecid solution above pH & and no gel formed.

This aluminum arabate gel prepared by the procedure
first given also became fluid on heating, but returned to its
original consisteney on cooling.

Organie

Organic salts of anesthetic bases have been prepared by

Erhardt who mixed an alecholic solution of the base with an
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aqueous solution of the arabic acid until the solution show-
ed an alkaline reaction. The solution was then concentrated
and shaken with ether for several hours. The solutions were
separated, and the solution containing the salt was evaporat-
ed to dryness. (37)

As in the case of the inorganic salts, no attempt was
made to obtain the organic salts in the dry state.

Experimental and Results

Trimethyl Bensyl Arabate--A 38 per cent technical grade
trimethyl bensyl hydroxide was used. 22.3 x 103 equiva-
lents of the compound wereadded to 50 cc. of a 20 per cent
solution of arabic acid. This raised the pH of the solu-
tion to 7.

Butylamine Hydroarabate--85 x 1074 equivalents of
butylamine wevcadded to 10 grams of arabic acid in 50 eec.
of water to raise the pH to 7.

Ethylenediamine Hydroarabate--42.5 x 10”4 equivalents
of ethylenediamine wercadded to 50 ce. of a 20 per cent sol-
ution of arabic acid. The amount addéd indicated that salt
formation oceurred on both amine groups.

Diethylenetriamine Hydroarabate--Since there are three
amino groips present on the diethylenetriamine molecule, 28.3
x 10”4 equivalents of diethylenetriamine would be expected
to be used, but in this case 56.6 x 10~% equivalents were
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needed. This indicates that salt formation occurred on two
of the amino groups.

Iriethylenetetramine Hydrosrabate--In this ease 21.2
x 10”4 equivalents of triethylenetetramine would be expected
to be used. Actually 42.5 equivalents were used to raise
the pH to 7 thus indicating salt formation on two of the
amino groups. ; :

Attempted Preparation of the Salts of Dodecylamine
Octadecylamine--These two compounds are insoluble in water
and therefore could not be prepared by the methods used for
the other amines. 2.2 grams of the hydrochloride salt of
octadecylamine was heated with 10 grams of sodium arabate
in 50 ce. of water. A cream colored soapy solution result-
ed. Since it appeared that no reaction oceurred no attempt
was made to prepare a salt of dodecylamine.



In order to determine whether changes of any signifi-
cance éuurnd in the spray-drying of the arabie acid, sev~
eral physical measurements were made both before and after
spray-drying of the arabic aeid. The first portion of this
section of the thesis gives the results of these measurements.

Following this a thermostability study on the spray-
dried arabic acid powder is presented.

Since data obtained from viscosity and surface tension
measurements are of definite value when determining the merit
of a compound as an emulsifying or suspending agent, there-
fore, the third and fourth portions of this seetion deal
with the results obtained on the effect of cations and heat
on the viscosity of arabic acid solutions, and surface ten-
sion measurements of organic salts of arabic aecid.

It was observed that an aluminum arabate solution ap-
peared to have properties of dilatancy. The final pertion
of this section gives a description of the test made and
the results obtained.

PHYSICAL CONSTANTS FOR ARABIC ACID

The following measurements were made to Monno the
effect of spray-drying on the arabic acid.
Viscosity
In order to study the effect of spray-drying on the ara-
biec acid, viscosity curves were made both before and after
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spray~-drying. The curves in Fig. 1 and 2 show the results
obtained. No appreciable change in viscosity was noted in
any of the batches. All viscosity deternminations were made
at 30° C., since this was the most convenient temperature

to maintain both summer and winter. The Fenske viscosimeter,
a modification of the Ostwald viscosimeter, was used. The
reason for plotting specific viscosity (n_sp)/concentration
against concentration will be discussed later.

In the course of the research project three different
lots of acacia were used, and it was noted that the vis-
cosity of the arabic acid varied from one lot to another;
although each batch within a-lot remained quite consistent
as shown by the viscosity «unfmm- in Fig. 1 and 2.

In order to determine whether the difference in vis-
cosity was due to the process of preparation or to the acas
eia itself; viscosity determinations were made on the acacia
from the different lots. From the results as shown in Fig.
3, it may be seen that the acacia itself varied in viscosi-
ty. The curves in Fig. 3 show alse that the charge on the
acacia molecules was not a factor in the difference in vis-
cosity. The effect of charge on the viscosity is discussed
under the viscosity study.

Bquivalent Weight
Determinations were made before and after spray-drying.




30

NOILVHYINIDONOD %

_ 6 - i A 9 5 ¥ & A |
I I T | r I I ! I

as as LN*.*{ q
Buikip-Aoudg 210429 O

- QIDV 218vYYV

i u_émﬁ




NOILVHLN3IONOD %

i

as an NI
Buikip-Aoidg 210329 —

TI-1 4IoV

J18VHY

AT-
ITT-
8 R
i

65 o) i e p i




32

Batches prepared from Lot III are shown in Table IV. The
data given in the table show that no significant change
oceurred in the equivalent weight and thus no change in the
number of free carboxylic acid groups. The differences
which were noted may have been due to lactone formation dis-
cussed previously in this thesis.

Table IV
Batch No. E:ﬂ EE
1. 1279 1297
2. 1215 1291
3. 1299 1300
ke 1177 1300

Optical Reotation
The literature value for the specific rotation was
given as -27.86° for a 2 per cent solution . (23) The value
obtained for spray-dried arabic acid was -27.44° for a 2.001
per cent solution at 24° €.
pH Titrations
Curves were made as a confirmation of results obtained
by others and as a check on arabic acid prepared by the spray-

drying method.
All measurements were made on a Beckman pH meter at room

temperature (29° C.), and the titrations were made with .1040 N.
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sodium hydroxide solution.

5 ce. of an 18,3 per cent solution of arabic acid was
used in the first titration. This amount would be equiva-
lent to .915 gram of arabic acid. The titration curve is
shown in Fig. 4 and is in agreement with results reported
in the literature.

In the second titration one gram of mny-dﬁ“ arabie
acid was used. The titration curve for the quy-driod
arabic acid is shown in Fig. 5 and is also in agreement with
results reported and with the curve obtained before spray-
drying.

It may be noted from the curves that the point of in-
flection is at pH 7 in both cases.

THERMOSTABILITY STUDY OF ARABIC ACID

In order to determine the value of having the arabic
acid in the dry state, a study of its stability to heat was
made.

Experimental and Results

Spray-dried arabic acid was heated in an oven at var-
ious temperatures and intervals of time. Equivalent weight,
solubility, and weight loss determinations were used as a
eriteria of possible changes which may have occurred on heat-
ing. The equivalent weight determinations were made by ti-
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trations of samples with .1040 N. sodium hydroxide using

bromthymol blue as the indicator. The equivalent weight of

the arabic acid before heating was 1178.

results obtained.

Table V gives the

Table V
" Weight
lemp. Time loss __ Solubility
80° o©. 5 min, 1178 soluble
20 » " n
75 = " "
24 hours " "
100° ¢. 1 hour 1.1% soluble
125° ¢. 1 hour 0.8% soluble
125° 6. 24 hours 1.54%  insoluble
brown col~
ored powder
Conclusions

The compound was quite stable in the dry state except

at high temperatures over a long period of time.

VISCOSITY STUDY

One important factor in the stability of emulsions and

suspensions is the viscosity of the preparation.

As stated

in the introductorypportion of this thesis, gum arabic sol-
utions have a low viscosity; but it was thought that the
pbiyvalent salts of arabic acid may haveta higher viseosity
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by linking two or more molecules of the acid together and
thus incresse the size of the molecule,

Viscosity may be defined as the forge per unit area
(dynes/sq. om,) required to maintain a unit difference in
veloelity between two parallel layers one em, apart. The
equation which is the basis of the capillary tube method for
determining co-efficients of viscosity was firet derived by
Js Poiseullle and is given below.

&

N It
where V\- viscosity, P = driving pressure, r = radius of cap~
illary tube, t = time, v = veleocity, and 1 » length of the
eapillary tube, Since the pressure at any time is equal to
hgg and sinse h, g, ¥; V, 1, and 77 are constants the equa«
tion reduces tot

w\h Lt ats
where €3 = the density of the solution, and ¢, = the density
of the solvent,

The unit of viscosity ia the poise which is equal to one
dyne soa./n.a. Visgosity may also be exprecsed in centie
polses which are 1/100 of a poise,

Cne form in which viscosity of solutions may be express-

ed. is specifioc viscosity, which is the relative ineresse of
the viscosity of the solution over that of the solvent and




39

is due to the presence of dissolved material. It is ealeu-
lated by the following formulaj
e = M—‘W

where )\.p is the specific viscosity,'\= the visecosity of the
solution, and Y\ = the viscosity of the solvent. (43)

Another expression for viscosity is intrinsic viscos-
ity (W. This value is equal to the V| sp/c(concentration)
at infinite dilution and is obtained whenh\sp / ¢ is plotted
against concentration. The curve obtained is linear in many
cases and can be extrapolated to serc concentration to ob-
tain the value for intrinsic viscosity.

Intrinsie viscosity is roughly directly propertional
to the molecular weight of long chain molecules and the fol-
lowing equation has been developed:

(= o
where M = molecular weight (average) of the compound, and K
and a are constants which differ from one type of compound
to another. (4k4)
Effect of Cations on the Viscosity of Arabiec
' y Aeid solutions

It has been noted by investigators that colloidal sol-
utions which contain charged colloidal particles exhibit a
peculiar type of curve when the specific viscosity/concen-
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tration is plotted against concentration. This peculiarity
of the curve is attributed to the charge on the molecule.
The charge on lyophilic colloids is due to some group on the
molecule such as the carboxyl group and is dependent on the
m.:ummm-mmo-n. The influence
of the charge on the viscosity is a phenomenon very typical
of this group of macromolecules. It is clear that in the
presence of charges the skein will not assume its statisti-
cally most probable form but will have a less dense form
through the interaction of the charged spots (mutual re-
pulsion) or a more compact form if positive and negative
charges are present simultanecusly. As a result, the vis-
cosity which is sensitive to the form of the skein, is one
of the most important aids in the investigation of systems
with charged macromolecules. If there are only charged
spots of one sign on the molecule, then the molecule will
be relatively spread out. If charged spots of both signs
are present, then the molecule will be more compact than
corresponds to the most probable state. Since this remodelling
of the skein depends on the interaction of the charged spots,
but also on the extension of the ion atmosphere around each
charged spot. The shape of the molecule will, therefore,
also depend on the concentration and nature of the indif-
ferent electrolytes in the solution, since these determine




the thickness of the ion atmosphere.

The colloids may be divided according to the nature
and sign of the charge of the ionogenic groups and may be
divided into three categories as follows;

a, Colloids with acid character which carry only aecid
groups such as C00~, 0803, OPOH .

b. Colloids with basic character which carry only basic
groups such as -NHy*, -NH-O(NHz),".

¢. OColloids with amphoteric character which carry both
types of groups. (45)

Gum arabic from which the arabic acid for the investi-
gation was derived, is an example of the type of colloid
given in (a) above. It, therefore, would be expected that
a charge would exist on molecules of arabic aecid and its
salts as it does on gum arabie. It was with this in mind
that the investigation which follows was earried ous. :

When specific viscosity/concentration is plotted against
congcentration, Kruyt and Bungenberg De Jong have observed
for agar solutions and other colloids that as the concentra-
tion is decreased the curve decreases to a minimum, then at
low concentrations a rapid rise occurs again, An example of
this type of curve may be found in the gum arabic curve in
Fig. 6. This rapid rise at low concentrations has been at-
tributed by Kruyt and Bungenberg De Jong to the charge on
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the molecule which affects the viscosity to a larger extent
at low concentrations., They called the viscosity due to the
charge the electroviscous effect. It weas also noted by them
that electrolytes added to the colloidal solutions will sup-
m-m-mrpmuuuan:wMQuumr. For
eolloidal solutions with a negative charge the addition of
an electrolyte with a divalent cation will result in a great-
er suppression of the charge, and a trivalent cation would
suppress it still further. Suppression of the charge re-
sults in a more compact molecule, therefore, some of the
water surrounding the molecule is squeezed out, resulting
in less hydration and consequent lowered viscosity.

Self-suppression of the charge by the colloidal par-
unu-t-nonummmuuumi-mn-
msmruuomummww. (48)
Experimental and Results \

The Fenske viscosimeter used in the study differs from
the Ostwald viscosimeter in that the capillary tube is on an
angle instead of straight up and down. This decreases the
velocity of the solution as it passes through the tube and
thus reduces the error resulting, when the energy used in
overcoming viscosity is changed to kinetic energy. A correc-
tion term for the error known as the Hagenbach-Couette correc-




‘tion is obtained from the following equation:

Correction term = #ﬂ___

Viscosity determinations were made at various concen-
trations on gum arabic, arabiec acid, ancd its salts. The
salts on which determinations were made were the sodium,
potassium, ealeium, magnesium, sine, ferric, aluminum, tri-
methyl bensyl, butylamine, ethylensdiamine, diethylenetri-
amine, and triethylenetetramine salts of arabic aeid. Pre-
paration of these salts has already been deseribed in Part
I of this thesis. Determinations were also made on these
solutions in the presence of 0.5 M. sodium ¢hloride and
0.5 M. caleium chloride. The solutions were filtered with
a sintered glass funnel before the determinations were made.
The Westphal balance was used to obtain the specific grav-
bny of the solutions. All determinations were made in a
constant temperature bath set at 30°C. Curves were made
of the determinations with specific viscosity/concentration
plotted against concentration.

Determinations were made on a sodium arabate solution
with sodium chleride concentrations of 0.1, 0.5, and 1.0
M. added. | This was done to find the most suitable concen-
tration of sedium chloride to give a curve which could be
readily extrapolated to zero. The 0.5 M. concentration ap-
peared to be the best and was therefore used as staved above.



The curves are shown in Fig. 7.

Since 1nY|/c is identical uuhv\.’/a as speecific vis-
cosity approaches sero, 1nY\/¢ may also be plotted against
concentration as shown for sodium arabate in Fig. 8. An
extrapolation of the curve obtained when sodium chloride
was used should give the same value wher Vgp/c is plotted
against e.

It may be noted from the curves in Fig. 9 and Fig., 10
that a considerable difference exists in the viscosity
curves of sodium arabate and arabic acid without the pre-
sence of salt, but in the presence of salt the viscosity
was the same. One possible explanation is that the higher
viscosity of the sodium arabate was due to the higher charge

on the molecule., Carboxyl colloids lose their negative charge

gztgruulynam’l.mumn“otmmuw
ionisation is practically complete, thus the charge would

be high., (45) The gum arabic curve (Fig. 6) without added
§alt was found to be between that of arabiec acid and sodium
arabate as might be expected from the above explanation,

since gum arabic has a pH of 5. This would be between the
pH 7 of the sodium arabate and the pH 2.4 of arabic acid,

therefore, the amount of ionisation should be between that
of the sodium arabate and arabic acid. Of course, the fact
that gum arabi¢ is a mixture of potassium, caleium, and mag-
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nesium salts may also be a factor. The potassium salt curves
in Fig. 11 are of the same magnitude and appearance as the
sodium salt which was expected.

It might be expected that the curves for the divalent
salts of caleium, magnesium, and gzine in Pig. 12, 13 and 14
would show a higher viscosity than the monovalent salts, but
this was not found to be true. In the case of the divalent
salts the curves made without salt were much lower than the
monovalent arabic acid salts and also did not display the
rapid rise in viscosity as shown by the monovalent salts
and by arabic acid at low concentrations. Apparently, in-
stead of an intermolecular attraction linking the carboxyl
groups of two molecules, an intramolecular attraction oc-
curred linking two carboxyl groups on one molecule thus
making the molecule more compact resulting in less hydra-
tion and lowered viscosity. It was noted that the curves
for the zinc salt were somewhat lower than the curves for
the calcium and magnesium salts. *l probably was due to
the fact that zinec chloride was used to prepare the sine
salt. The pH of the solution would be lower than the other
two salts as a result of the hydrochloric acid formed. There
would then be a suppression of charge because of the lowered

pH resulting in a lower viscosity.
The trivalent salts might be expected to have a high
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viscosity. This was found to be true as shown from the
curves for ferric and aluminum arabate in Fig. 15 and 16.
The viscosity of the ferric arabate rises very rapidly in
the region between 8 and 9 per cent. The aluminum arabate

~viscosity does not rise as rapidly but does have a high vis-

cosity in the region of 20 per cent (see Fig. 24). The
curves for both compounds decrease very rapidly at low con=-
centrations with the curves ending up much lower than that
of any of the other salts. An explanation for the results
obtained is that the aluminum and ferric ion have a tendency
to pull carboxyl groups toward them, and in the case of a
concentrated arabic acid solution the tendency was toward
an intermolecular attraction with an increase in the sige
of the molecule resulting in inereased hydration and higher
viscosity. In dilute solution with less molecules present,
the tendeney is apparently toward an intramolecular attrac-
tion resulting in a more compact molecule, less hydration
and low viscosity.

The curves for butylamine hydrcarabave (Fig. 17) and
sodium arabate (Fig. 10) are both of the same magnitude and
appearance. This indicates that the butylamine salt must be
ionized to the same extent as the sodium salt, and thus the
charge must play an equally important part in the viscosity
of the butylamine salt as with the monovalent salts.
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The trimethyl benszyl arabate curve without salt (Fig.
18) has the same appearance as the monovalent salts but
shows a lower viscosity. An explanation for this is that
the trimethyl bensyl hydroxide used to prepare the salt has
a positive charge on the molecule, therefore, it would be
expected to suppress the negative charge of the arabic acid
and thus lower the viscosity.

The curves for ethylenediamine hydroarabate (Fig. 19),
diethylenetriamine hydroarabate (Fig. 20), and triethylene-
tetramine hydroarabate (Fig. 21) are all similar in magni-
tude and appearance, and these curves are also similar to
the curves obtained with the divalent inorganic salts.  This
would indicate that the triamine and tetramine react with
arabic acid the same way as ethylenediamine and that all
three compounds react like the divalent salts. It may also
be observed that the curves which were made without the pre-
sence of salt decrease at lower concentrations rather than
inecrease. This may probably be due to an intramolecular at-
traction rather than an intermolecular attraction.

It may be noted, that sodium chloride or calecium chloride
added to a solution of arabic acid or any of its salts, lowers

the viscosity curves of these solutions. Calcium chloride

lowered the curves to a greater extent than sodium chloride.
This indicates a negative charge in each case as might be ex-
pected.
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Effect of Heat on the Viscosity of Arabiec Aeid Solutions
As part of the viscosity study to find an arabic acid
«nva’un which could be more useful than gum arabie, the
effect of heating on the viscosity of an arabic aeid solu-
tion was studied.

It was theoriged that under proper conditions of temp-
erature and concentration an increase in the viscosity of
arabic acid could be obtained. This increase would probably
be due to an esterification reaction between a carboxyl
group of one molecule and the hydroxyl group of another
thus doubling the size of the molecule. Since the sigze of
the molecule is a function of the viscosity, an inerease in
size should increase the viscosity. Such an increase would
be of definite value pharmaceutically. Although gum arabic
has been the emulsifying agent of choice throughout the
years, the viscosity was never high enough to prevent
ecreaming of the mluo;:‘

At low concentrations of arabie acid it might be ex-
pected that there would be hydrolysis of the acid, since gum
arabic solutions hydrolyse on standing over a period of time.
This is due to the acidity of the solution, the branched
chains and the prevalence of 1,6 and 1,3 linkages in the
molecule. (17) At high concentrations the amount of water

present is small, and an esterification reaction would be
more likely to oeceur.
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 Experimental and Results

A 40% by weight solution of arabic acid was prepared
and heated for 90 minutes in a boiling water bath. It was
then diluted to 9.97 per cent and the viscosity determined
at 30° C. The specific viscosity/eomcentration (nsp/ec) was
calculated to be 0.264, whereas a 9.27 per cent arabiec acid
solution which had not been heated had o Wsp/c of 0.647.
0% by weight solutions were alsc heated for periods of
15, 30, and 60 minutes. The results showed a steady de-
crease in viscosity with increase in time,

50% by weight solutions were then prepared and heated
for the same intervals of time under the same conditions of
temperature. The results also showed a steady decrease in
viscosity with inereasing time.

60% by weight solutions were also prepaced and the
same m«hn' was carried out except that the intervals of
time were 5, 10, 15, 30, 60 and 90 minutes. The sclutions
heated for 30, 60, and 90 minutes contained many particles
of gel, and no viscosity determinations were made on these
solutions. The viscosity determinations made on the solu-
tions heated for 5, 10, and 15 minutes showed an increase
in viscosity.

Because of the gelation which occurred, the 60 and 50
per cent solutions were heated for intervals of 5, 10, 15,
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and 30 minutes in an oven at 70° C. The results showed that
an increase in viscosity could be obtained with the 60 per
cent solutions without gelation occurring, but the results
obtained were not consistent and the rise in viscosity was
small, Heating the 60 per cent solution at 80° C. was then
tried allowing 15 minutes for the solution to reach the
temperature of the oven. Although there was a rise in vis-
cosity, the results were not reproducible.

A constant temperature bath set at 30° C. was then tried.
Five minutes were allowed for the solutions to reach the
temperature of the bath. As before the results still were
not reproducible.

It was thought that the inconsistent results were due
to lack of uniformity in heating, therefore, the Erlenmeyer
~ flasks which had been used were replaced by test tubes.
This was done to allow for more uniform heating of the ara-
bie acid.

Another factor which had not previously been taken into
consideration was uniformity in the mixing of the arabic acid
with the water. As a result of the above two changes the
data became more reproducible. A plot was made of the re-

sults for 40, 50 and 60 per cent with 2.3 log n/¢ as the
ordinate and time as the abscissa. The curvesin Fig., 22

shows a linear rise and fall in viscosity with time dependent
on the concentration.
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Conglusions
The procedure does show promise that a rise in viscosity

can be obtained, but the rise isn't sufficiently high to be
of value. If the arabic acid solution could be prepared at
a still higher concentration, there could conceivably be a

two to three-fold rise in viscosity.

Since data obtained from surface tension measurements
are also of definite value in determining the worth of a
compound as an emulsifying agent, surface tension measure-
ments were made on the organic salts of arabic aeid,

For stability and greater ease of emulsification it is
necessary to have a low interfacial tension at the inter-
face between the aqueous phase and the oil phase. For ex-~
ample, an interfacial tension of ten dynes requires con-
siderable amount of energy to bring about emulsification.
Emulsification will take place on vigorous shaking with
an interfacial tension of 5 dynes; while in the case of
an interfacial tension of one dyne, emulsification will take
place with little agitation. The tension at the interface
may be calculated from Antonoff's Rule which states that
the interfacial tension is equal to the difference in sur-
face tension of the two liquids., (43)
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The surface tension at any interface is a foree causing
globules to coalesce, resulting in larger oil or water glo-
bules and possible breaking of the emulsion. The substances
used as emulsifying agents collect at the interface and aid
in lowering the interfacial temsion. Gum arabic, an emulsi-
fying agent which is soluble in the aqueous phase, does not
lower the surface tension of the agueous phase to any ex-
tent, therefore, the measurements given below were made with
the possibility that the organic salts in solution would
have a lower surface tension.

Experimental and Results

All measurements were made with the Cenco-du Nuoy Ten-
siometer at the temperatures shown in the table. Calibra-
tion of the instrument was made using a one gram weight.
The average reading on the scale for the one gram weight
was 58.47. The circumference of the ring used was 6.010 em.
The constant for the instrument was determined by the fol-
lowing equationg

e
where M = the weight added, g = 980.3, L = circumference of
ring, and § = scale reading. The constant as determined by

the above equation was 1.395. It was multiplied by the scale
reading cbtained for the various solutions to change the
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values to dynes/em. No corrections were made for tempera-
ture and other factors, Table VI shows the results ob-

tained. The determinations were made on 10 per cent solu-
tions, the preparation of which is given in Part I of this

6.2 50, ® e,
Sonml Sesten. . ARy

u.mm‘. ". 50." ll’ Ce
Hydroarabate ’
Triethylenetetra~

mine 37.9 52,87 23° ¢.
Hydroarabate
Butylamine 37.7 52, 22° ¢.
Irlg:::nu .
Ethylenediamine 37.4 52,17 22° ¢,
Hydroarabate

Conclusicns

As seen from the table there was some lowering of sur-
face tension in the case of the organic salts, but the dif-
ference was not too significant.




TEST FOR DILATANCY IN ALUMINUM ARABATE

It was observed in the preparation of aluminum arabate
solutions for viscosity mtm given in the previous
section, that a 20 per cent ‘aluminum arabave gel appsared to

be stiffer and more viseous when stirred r*“lr. therefore,
determinetions were made to ascertain whother the compound
has dilatant properties. ;o ‘

Dilataney is defined as the property of certain sus-
pensions in which the resistance to flow inereases at a
greater rate than the inerease in rate of now.‘ A classic
mnloofuhumumw«tmnmlorwnmm.
If the surface is struck sharply, the sand is rigid and solid;
but slow, sustained stirring causes the sand to flow. Di-
rectly opposite in character is thixotropy, in which a sus-
pension loses part of its consistency when agitated but re-
gains its original consistency when allowed to rest. This
is in contrast to Newtonian flow in which the rate of shear
_,h directly proportional to shearing force. (1)

i Amttmltmdmoruommuofnm
these types of phenomena. Typical examples are the Couette
and MacMichael viscosimeter.

The MacMichael viscosimeter, which was used for the test,
consists of a spindle plunger assembly supported by a wire.
This plunger dips into the sample which is contained in a
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rotatable cup. When the cup is rotated, the spindle plunger
assembly is subjected, through the sample, to rotational
forces which are related to the viscous properties of the
sample. The assembly continues to rotate until the torsion-
al reaction of the wire suspension just balances the torque
exerted by the cup through the sample. Then, a dynamic
equilibrium results and the foree is measured in MacMichael
units. By calibration of the wire used with a suitable
standard, the MacMichael units may be converted to centi-
poises. The following equation is used for the conversiong

€
where K = the constant, N\ = viscosity in centipoises, H =
depth of submergence of the plunger, N = number of revel-
utions of the cup per minute, and M® = deflection in Mac-
Michael degrees. After K has been determined with a com-
pound of known viscosity, the formula is then used to solve
for the viscosity of the compound desired.

Y\- F

hmumﬂmhrammulw-

. tonian or dilatant, a plot is made of deflection vs. revol-

utions per minute, If the suspension is Newtonian, the curve
will be linear and pass through the origin. A suspension
which has dilatant properties will give a curve which shows
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a rapid increase in deflection with a small increase in rate
of flow. (1)
Experimental and Results
A #30 wire was used on the MacMichael viscosimeter.

Calibrations were made with glycercl at 25° C. The specific
gravity was 1.25, and the viscosity for glycerol of this
specific gravity was 366, (46) The K values were determined
at 3 different rates of shear, and the results are shown in
Table VII. The depth of submergence or H value was 4 cm.

-—_—M‘
»° RPM. K
10 25.3 3700
15 36,6 3570

18 bhoS 3610

The K value which was used in the caleulation of the
viscosities was 3600 an average of the K values in Table VII.

Determinations were then made on a 20 per cent alumi-
num arabate solution at several different rates of shear.
A plot of deflection vs RPM or rate of shear is shown in
Fig. 23.

The linear curve shown indicates that the gel is not
dilatant but has thixotropic properties.

The curve shown in Fig. 24 illustrates the effect of rate
of shear on the viscosity. The curve also illustrates its

thixotropic properties.
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Figure 24. Curve obtained with a Maciichael
viscosimeter.
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From the data obtained in the viscosity study and sur-
face tension measurements given in the preceding sectinn of
this thesis, several o;uh-uu applicable to MM1-
cal emulsions are implied.

First of all, in the viscosity study it was shown that
the arabic acid solution had the lowest viscosity of any of
the solutions considered, therefore, one might conclude that
emilsions prepared with arabic acid as the emulsifying agent
would cream ury‘ readily; for according to Stoke's law, the
viscosity is a factor in the rate of creaming of an emulsion
or the rate of settling of particles in a suspension.

Next, in order of increasing viscosity, were the golu-
tions of the divalent inorganic salts and the organic salts
containing two, three, and four amine groups. Emulsions made
with these salts would be expected to c¢ream at a slower rate
than the arabic acid emulsions but would have a higher cream-
ing rate than emulsions made with gum arabie; since gum ara-
bie solutions have a higher viscosity than the solutions of
the salts stated above.

Following this were the solutions of the monovalent in-
organic salts and the organic salts of compounds to which
one carboxyl group could be attached. These solutions had
a higher viscosity than the gum arabie solutions, and there-
fore, emulsions prepared with these salts would be expected
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tohavonlmcuuugnnthumof&oulnur_uu
mentioned.

The solutions of the trivalent inorganic salts had the
highest viscosity of all the solutions prepared at concen-
trations above 8 to 10 per cent, but at low concentrations
the viscosity was lower than the solutions of any of the
other salts. From this data, the creaming rate would be
expected to be very low at the higher concentrations and
very high at the lower concentrations. At the higher con-
gentrations solutions of these salts may well serve as sus-
pending agents.

It may also be noted from the curves in the preceding
section, that the presence of salts and, in particular, di-
valent salts decrease the viscosity of the solutions. From
these results, it may be concluded that the presence of any
salts in an emulsion or suspension would produce a small de-
ecrease in the efficiency of the substance: as an emulsifying
agent or suspending agent, but the presence of divalent salts
would cause a large decrease in the efficiency of the sub-
stances.

Secondly, from the data obtainsd from the surface tension
measurements one might expect that there should be less cream-
ing in the emulsions prepared from the organic salts than those
prepared from the inorganic salts or arabic acid itself. Since
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according to Stoke's law the particle size of the oil globules
in an o0il in water emulsion is a factor in the rate of cream-
ing of an emulsion, and since surface tension is a factor in
the particle size; the lower surface tension of the organiec
salts solutions should indicate a smaller particle size for
the oil globules of the emulsions prepared with the organic
salts,

" No work of a pharmaceutical nature has been reported
with the exception of Krants and Gordon, who have reported
the preparation of emulsions with arabic acid, sodium ara-
bate, ferric arabate, and lead arabate. They stated that
stable oil in water emulsions were formed in each case with
the exception of the lead salt from which no emulsion could
be prepared. (38)

- In a discussion which follows, the results of a pre-
liminary *ﬂl«uﬂ.m investigation on arabic acid and
1ts salts dw given. :

Experimental and Results
Emulsions
In a preliminary study several emulsions were prepared

with a mortar and pestle using the 432:1 method (Continental
Method). The oil used was U.5.P. heavy mineral oil. In each
case 10 cc. of water was added to the primary emulsion. The
following emulsifying agents were used; acacia, arabic acid,
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sodium arabate, and arabic acid neutraligzed with sodium hy-
droxide solution., This latter emulsion was prepared by using
0.5 N, sodium hydroxide solution as the aqueous phase. A
sufficient quantity of the base was added to neutralise the
arabic acid. After preparation the emulsions were allowed
to stand in bottles at room temperature to study their
stability.

These emulsions were observed under a microscope to
determine whether there was any difference in sise of the
globules of oil. The emulsion prepared with arabie aecid
mmuuup«-m_mruumommu-
est and most uniform globules. In order of increasing sise;
arabic acid-was second, and sodium arabate and acacia were
" third having about the same sise globules.

The emulsicns were also observed for mold growth,
After three days mold growth was observed in the acacia
emulsion, but none in the others. After eight days mold
growth was also observed in the sodium arabate emulsion.
After three months mold growth appeared in the arabic aecid
emulsion, but none was noted in the emulsion prepared from
arabiccaeid neutralized with sodium hydroxide.

Observations on creaming of the emulsions were likewise
made. After 3 days some creaming had occurred in the acacia
emulsion, and after eight days creaming had cccurred in all
four emulsions studied. The greatest amount of creaming was



seen in the acacia emulsion with sodium arabate second, ara-
bie acid third, and arabic acid neutralised with sodium hy-
droxide showed the least créaming.

The emulsions listed above along with other emulsions
were then prepared. mmnuanawm
those above; ethylenediamine, trimethyl bensyl hydroxide,
diethylenetriamine, triethylenetetramine, dodecylamine, and
octadecylamine. These compounds were added to the mineral
oil in amounts necessary to neutralise the arabic aeid which
was also added to the oil. These substances were thoroughly
mixed with the oil before the water was added. The emulsion
prepared from arabic acid neutralized with sodium hydroxide
muplotlolm-dot'fnumamm’num-
ly. Only the primary emulsions were made.

Examination of the oil globule sise showed that the
emulsions prepared with dodecylamine, octadecylamine, di-
nmm.mwwnmunuvm
small oil globules. Comparatively large oil globules were
observed in the other emulsions.

After a two week period no creaming was noted in the
emulsions prepared from the following agents; octadecyla-
mine, dodecylamine, diethylenetriamine, and trimethyl bensyl
hydroxide. These emulsions were more viscous than the others
which may explain the lack of creaming. All the other emul-
sions had creamed within a day from the time in which they
were prepared.




Ointment Bases
humdmungnmuauma&mdmml-
dm,umwmttMMeﬂMnuuh
utilized as ointment bases. Application of a layer of the
emul sions in which dodecylamine, octadecylamine, diethylene-
m and trimethyl bensyl hydroxide to the skin, pro-
duced a flexible film after drying for a few minutes. The
£ilms adhered well to the skin and were still intaet after
one hour. The films could be washed of{ with water. 10
per cent sulfur triturated with the emulsions produced a
smooth ointment.
Suspending Agent “
rmmutummannmmtmn-
triturated with a 10 per cent solution of acacia, arabie
acid, and sodium arsbate. Neither the arabic aeid nor the
sodium arabate proved to be any more effective than acacia
as a suspending agent.

Mucilages
The mucilages of acacia, arabic acid, and sodium ara-

bate were prepared according to the U.S.P. XIII formula for
Mucilage of Acacia but omitting the preservative, bensoic
acid. Aftep ten days mold growth appeared in the sodium
arabate mueilazejand in about the same time the odor of fer-
mentation was detected in the mueilage of acaecia Elthough
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there was no evidence of mold growth at the time. After 3
mmnumnmnmwmtamum
arabic aeid mucilage.

Syrups

Syrup of acacia, arabic aeid, and sodium arabate were
prepared according to the N.F. VIII formula. The syrups
were placed in bottles previously boiled in water. The pre-
pmsmm-nm“m at room temperature. After
six months no mold growth was noted in either of the prepara-
tions, but in the syrup of acacia there were indications of
fermentation.

Conclusions

Although the investigation was only of a preliminary
nature, the following conclusions may be drawng

a. Arabic acid preparations are less prone to mold
growth than prepanations made from acacia.

b. mmmmmnuam.m.
dodecylamine, diethylenetriamine, and trimethyl benzyl hy-
‘droxide may be useful as ointment bases, And the films form-
~ed on the skin could serve as a means of retaining a medica-
ment on the skin.

' 4. BEmulsions of almost any pH may be prepared with the
arabie aecid.
e. As might be expected, a correlation may be noted




mmmmummmw. The
w‘»mmmmmmm
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This part of the thesis contains research work done
which was unrelated to the purpose of the projeet, but never-
theless represents interesting ideas and theories of possible
work which could be done on arabic acid.

The first portion deals with the possible use of arabic
acid and sodium arabate as chromatographic adsorbents. In
the second portion a quantitative method for the determin-
ation of arabic acid is deseribed.

M%WAZMMHI

It was thought that arabic acid and sodium arabate might
ndnhoumuMMtsuﬁmma
having an action like ion-exchange resins, Theoretically
an organic acid would pass through an arabic acid column
and be collected in the first few fractions but would be
held on a sodium arabate column almost indefinitely. The
acid would be held on the colusn by the changing of a hy-
drogen ion for a sodium ion. A basie compound would be held
on the column by the arabic acid but would pass through a
sodiun arsbate column. Thus by using various combinations
of arabic acid and sodium arabate the fraction in which an
acidic or basic compound would be collected could be regu-

lated at will be varying the quantities of the arabiec acid
and sodium arabate.
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Experimental and Results
A colusn 1 em. by 4 em. containing arabic acid was set

up. wu.“mwulu.ofmnnm
on the column. Elutions were made with 20% n-butanol in
chloroform. m«.mm\nnoow.u‘aoh
fraction was titrated with .0077 N. sodium hydroxide.

A sodium arabate column with the same dimensions as
ammmn‘.mmm’n“dmuamtwuo
arabie acid column was carried out.

From the results given in Table VIIT and IX it may be
mmmmuuuutmmmmmyu
both cases.

Table VIII
Fraction no. e & N. NaOH

11.4
i
0.6
043
043
0.3
0.2
0.2
0.2
0.2

g*“*ﬂ’wf\dﬂh‘
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m Noe ce. .0077 N.

12.5
6.0
1.6
0.5
0.5
0.3
0.3
0.2

0.2
0.2

s‘.ﬂ.\lf\i”l‘

It is apparent that the procedure as given would be
of no value. Since arabic qmumumuum
soluble only in water, the jwesence of a small amount of
ntwnyn“himlmmwmmn-
actiony dﬁi&mmdﬁnntwmmto
arabic acid and sodium aresbate too gummy tolallow the passage
of any substance through the column.



TITRATION OF ARABIC ACID WITH CEEPRYN SOLUTION

The method involves coacervation which occurs when twe
hydrophilic sols with opposite charges come in contact with
each other. This results in the formation of droplets or
aggregates. It is believed that the shells of tightly
bound water molecules surrounding the particles prevent them
from coalescing, but the electrostatic attraction of their
opposite charges holds a number of particles together in the
form of a droplet, vhp may be mieroscopic or macroscopic
in sige. (43,45) Cetyl pyridinium chloride or "Ceepryn®
which is a bacterioecidal agent is also a surface active
agent and thus has a relatively low surface tension value.
Since arabic acid has a relatively high surface tension
value, it was assumed that the titration could be follow-
ed by surface tension measurements with a tensiometer. It
was thought that the end point, that is, the point at which
the Ceepryn had completely reacted with the arabic acid
would be detectable from the surface tension measurements.
It was reasoned that at the end point the arabic aecid
would be completely removed from the solution and only ex-
cess Ceepryn would be measured.




Experimental

It was observed that the addition of arabic acid sol-
ution to a Ceepryn solution resulted in the formation of a
white precipitate which disappeared on further addition of
arabic acid solution. Because of this observation, an at-
tempt was made to titrate the Ceepryn solution with arabic
acid.

A 100 cc. sample of a 110,000 solution of Ceepryn was
titrated with 0.509% arabic acid while taking surface ten-
sion measurements at intervals during the titration. The
DuNuoy Interfacial tensiometer was used for the measurements.
A small amount of solution was poured from the beaker into
a watch glass for the measurements and then returned to the
beaker after each measurement was made. The ring was rinsed
and flamed after each measurement.

The change in surface tension occurred too rapidly im
this case therefore, a 131000 Ceepryn solution was tried.
This time the change insurface tension was too slow and re-
quired a large amount of arabic acid solution to readh the
end point. A 0.1% solution of arabic acid was then used
to titrate a 100 cc. sample of 1310,000 Ceepryn solution.
Better results were obtained in this instance, but when the
surface tension was plotted against amount of arabic aecid
used the curves obtained were not comsistent. The actual

.
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surface tension was not caleulated, but the readings taken
on the tensiometer were used.

The procedure was then reversed, and the arabic acid
was titrated with the Ceepryn solution using the same method
as given above. A 50 ce. sample of a 0.1% arabic acid solu-
tion was titrated with 131000 Ceepryn sclution after having
first used a 110,000 dilution with poor resilts. In this
case the curves and end points shown on the curves were
consistent. The end point was considered to be the point
at which the curve and straight line intersected. Varying
concentrations of arabic acid were then titrated with the
121000 Ceepryn solution. The curves in Fig. 25 show typi-
cal curves obtained at various dilutions when the surface
tension was plotted against the amount of Ceepryn added.

Higher concentrations of arabic acid above 0.1 gm. were
titrated with a 13100 Ceepryn solution., A plot was then
made with weight of arabic acid titrated vs., amount of
Ceepryn solution needed to obtain an end point. Two curves
were made, one for the concentrations of arabii acid titrated
with the 131000 Ceepryn solution and one for the concentra-
tions titrated with the 1:;100 Ceepryn sclution. In both
cases the curves were linear as shown in Fig. 26, except
when the concentration of arabic acid went above 0.5 ga.
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SUMMARY

Gum arabic which consists mainly of the potassium, cal-
clum, and magnesium salts of arabic acid has been one of the
most widely used emulsifying agents, ever though it has pre-
sented difficulties because of the low viscosity and the
variation in viscosity of its solutions. For these rea-
sons, arabiec acid and numerous salts were prepared and
studied to determine their value in pharmaceutical techno-
logy.

Arabic acid, which has not previously been prepared in
a dry state, was obtained in a dry, powdered fiyvm without
changing its physical or chemical properties.

; The procedure for its preparation which was adopted
afteér other methods had proved anul was as follows.
The arabic acid solution was prepared by putting a seven per
cent gum arabic solution through a hydrogen-activated ion-

. exchange resin column to remove the cations. The solution
was then run through a spray-drier to obtain arabie acid in
the powdered form. The results of viscosity determinations,
equivalent weight determinations, gptical rotation measure-
ments, and pH titrations showed that no significant change
had occurred in the arabic acid molecule on spray-drying.

Thermostability studies made on the arabic nu‘m
proved it to be stable to heat except at high temperature for
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a long period of time.

The preparation of the sodium, potassium, caleium, mag-
nesium, gine, ferric, aluminum, butylamine, trimethyl bensyl,
ethylenediamine, diethylenetramine, and triethylenetetramine
salts of arabic acid is described. Only the sodium salt was
obtained in the powdered form. All the other salts were
allowed to remain in solution. An attempted Mﬁm of
the octadecylamine and dodecylamine salts was unsuccessful.

8ince data obtained from viscosity cdeterminations and
surface tension measurements are of definite value in de-
termining the merit of a substance as an emulsifying agent,
surface tension measurements and viscosity determinations
were made on arabic acid and its salts.

Since the colloidal particles of arabic acid contain
a negative charge, and since this charge has a definite
effeet on the viscosity; theref ore, a study of its effect
on the viscosity of the solutions was made. From the re-
sults obtained the following conclusions were drawnp

a. The low viscosity of the arabic acid solution was
due to the low pH which suppressed the charge resulting in
a more compact molecule and less hydration.

b. The higher viscosity exhibited by the solutions of
the monovalent inorganic salts was due to a high charge re-
sulting from an almost complete dissociation at a pH of 7.
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¢. The solutions of the divalent inorganic salts had
a low viscosity as a result of an intramolecular attraction
of the carboxylic acid groups. This mekes the molecule more
compact resulting in less hydration.
¥ d. The solutions of the trivalent inorganic salts had
: a very high viscosity at high concentrations and a very low
viscosity at low concentrations. An explanation for the
high viscosity is that an intermolecular attraction linking
two or more molecules together, whereas at low concentra-
tions an intramolecular attraction oceurs.
, e. The solutions of the butylamine and trimethyl bensyl
k salts both have similar curves, and both of these curves
were similar in magnitude and appearance as that of the
monovalent inorganic salts.

£, The solutions of the ethylenediamine, diethylene-
a triamine, and triethylenetetramine salts of arabie acid had
» similar curves both in magnitude and appearance, and these
L curves were similar to the divalent imorganic salts. It
' theref ore was concluded that the attraction was intra-
molecular and that only two of the amino groups of the tri-
amine and tetramine reacted.

As part of the viscosity study, arabic acid solutions
were heated to observe the effect of heat on the viscosity
of an arabic acid solution. The study showed that at high
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concentrations it was possible to obtain an increase in vis-
cosity, but at low concentrations the viscosity decreased.

; Surface tension measurements made on solutions of the
organic salts of arabic acid showed no large difference in
surface tension between the salts and arabic aecid.

It was observed in the preparation of aluminum arabate
for viscosity determinations that a 20 per cent solution
appeared to have properties of dilatancy, but determinations
made on a MacMichael viscosimeter showed that the aluminum
arabate gel had thixotropic properties rather than dilatant
properties.

A preliminary pharmaceutical investigation which was
carried out showed the possibilities of some of the organic
salts as emulsifying agents, and that the primary emulsions
made with these salts may possibly be used as ointment bases.
A correlation was noted between the surface tension, oil
globule sige, and stability of the emulsions prepared.

Arabic acid and sodium arabate were used to prepare other
pharmaceuticals in which gum arabic has ordinarily been used.
It was found that the arabic acid preparations were less
prone to mold growth than gum arabic.

Two analytical applications for arabic acid are des-
eribed. :

An attempt was made to use arabic acid and sodium ara-
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bate as chromatographic adsorbents, but this proved to be
unsuccessful..

A semi-quantitative titration method for the determin-
ation of arabic acid was developed. The titration was car-
ried out using ecetyl pyridinium chloride or "Ceepryn" with
surface tension measurements used to determine the end
point. It was found that the amount of cetyl pyridinium
chloride needed to obtain an end point was directly pro-
portional to the amount of arabic aecid in solution. This
method may also be used to determine an unknown quantity of
cetyl pyridinium chloride.
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