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SOLUBILIZATION OF INSOLUBLE MATTER IN NATURE*®

IT. THE PART PLAYED BY SALTS OF ORGANIC AND INORGANIC ACIDS
OCCURRING IN NATURE

by
INES MANDIL, AMELIE GRAUER anp CARL NEUBERG

Department of Chemistry, Polytechnic Institute of Brooklyn, N.Y ., and Department of Biochemistry,
New York Medical College, New York, N.Y. (U.S.4.)

In part I of this series the general significance of the problem of solubilization for
processes occurring in nature has been discussed and the special part played by adeno-
sine triphosphate has been described!. At neutral or slightly alkaline pH and under
physiological conditions of temperature, insoluble organic and inorganic compounds are
solubilized by the soluble salts of a large number of inorganic and organic acids. From
a biological point of view it is noteworthy that these materials also prevent precipitation
of many nearly insoluble substances.

We have shown? that the number of these solubilizing substances—hereafter
designated as “‘solvents”—-is considerable. In this paper we shall concentrate on typical
compounds which occur in nature. The number of these ““solvents” could be increased
enormously as analogous compounds are widely distributed. The range of materials to
be solubilized—hereafter designated as “‘substrates” —seems unlimited.

To get an idea of the effects involved we shall report the behaviour of “solvents”
selected at random: Pyrophosphates, triphosphates, metaphosphates, ribonucleates,
desoxyribonucleates, a- and B-glycerophosphates, hexosemono- and di-phosphates,
DL-lactates, D-glucuronates, D-galacturonates, D-gluconates, pyruvates, tartrates,
malates, ascorbates, chondroitinsulfates, isocitrates and salts of glucosaccharic and
mucic acid. Besides the alkali salts of metaphosphoric acid, salts with ethylene-diamine,
ethanolamine, dimethylamine and ammonium salts were also investigated. In the case
of pyrophosphate the bis-trimethylamine-disodium salt has been used as well.

To prove that more than simple cation exchange takes place experiments were de-
vised showing the solubilization of insoluble Mg salts in Mg salts. MgCO,4 and Mg3(PO,),
were dissolved, or their precipitation prevented, by addition of Mg-glycerophosphate,
Mg-gluconate, Mg-fructose-1,6-diphosphate.

It could be shown convincingly that, ¢.g., a solution of sodium-fructose-6-phosphate
after having solubilized BaSO, or CaCO, can further solubilize added MgCO,, MnCOQO,,

* This series of investigations was supported by grants-in-aid from the U.S. Atomic Energy
Commission and from the American Cancer Society upon recommendation of the Committee on
Growth of the National Research Council and Federal Security Agency, Public Health Service,
Bethesda, Md. This investigation was also aided by a contract between the Office of Naval Research
and the New York Medical College.
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Cay(PO,),. This is of interest for the elucidation of the nature of the solubilization
phenomena. Many of these “solvents” solubilize ammonium magnesium phosphate,
calcium oxalate, calcium fluoride, uranyl phosphate, uranyl-, lanthanum- and cerous
nucleates, and other similarly insoluble compounds.

The “solvents”” have been applied in the form of their alkali, alkaline earth or
ammonium salts, and as salts of organic bases known to occur in nature. As “‘substrates”
we have chosen insoluble inorganic salts and organic cell constituents or metabolites.
Since new examples of the participation of inorganic matter in biological processes, and
the importance even of rare elements for the course of these processes are revealed daily,
we have selected insoluble compounds formed by elements from all groups of the periodic
table. These include: carbonates, phosphates, silicates, sulfates, borates, fluorides, fluoro-
phosphates, chlorides, iodides, iodates, selenites, selenates, tellurates, sulfites, phosphites,
arsenates, vanadates, chromates, molybdates, tungstates, sulfides, mercaptides, phospho-
molybdates, phosphotungstates, oxalates, azides, cyanides, thiocyanates, cobalti-
cyanides, ferrocyanides, ferricyanides, pectates, alginates, celluronates, nucleates.

Calcium-fructose-diphosphate (prepared from Mg fructose-1,6-diphosphate and
CaCl,), and the calcium salt of humic acid are solubilized by several “solvents”. The
same is true for many insoluble salts of Y, Zr, In, La, Ce, Pr, Nd, Th.

Pyrophosphoric acid is present in the interesting mineral pyrophosphoritet and is frequently
considered a transformation or cleavage product of complicated organic compounds”. KORNBERG
AND LINDBERG® have demonstrated the enzymic formation of pyrophosphate besides DPN in the
system ATP-nicotinamide-ribonucleotide. A purely inorganic mother substance of pyrophosphoric
acid is triphosphoric acid® which in turn is related to metaphosphoric acid?.

The ability of pyrophosphates to form complexes has been known for a long time. In particular
soluble double salts of insoluble pyrophosphates and soluble alkali pyrophosphates have been des-
cribed. An idea of their structure is given by HaLDARS. It is possible that the behavior of myosin
dissolved by Na,P,0, (AMBERSON ¢f al.%) is due to the same phenomenon. KoHn!® found that the
solubility of insoluble ferro- and ferri-cyanides in Na,P,0, is due to the formation of soluble double
salts of heavy metal- and sodium pyrophosphates.

Comparative and systematic investigations of the action of the ‘““solvents” men-
tioned above on these “substrates” led to the data tabulated in Tables I-XXIII.

Besides the “solvents” included in the tables the solubilizing effect of salts of
glucosaccharic acid, mucic acid** etc. has been investigated.

Most of the substances under consideration are constantly built up and degraded
as they circulate in tissue fluids and become fixed in various organs.

To show the relationship to general and biochemical processes we should like to
indicate the importance of some of the “solvents” and ‘“substrates” for these processes.
These observations include recent findings as well as older data the significance of which
was not fully recognized at that time.

Among the insoluble phosphates, so-called basic salts of the type originally formulated as
Cag4(PO,),. CaO occur far more frequently® than previously assumed. These substances deserve our
interest since they may be considered as derivatives of the 5 basic phosphoric acid P(OH);. They
include important fertilizers such as the mineral kakoxen FePO,-Fe(OH), and Ca,P,0, found in
the Thomas slag of the Bessemer converter or in furnace linings (salamander). They too were brought
into solution under the given conditions by some of the “solvents” tabulated.

* Pyrophosphate is liberated from ATP in the presence of coenzyme A (F. LipMANN, J. Am.
Chem.*Soc., 74 (1952) 2384).
* The neutral salts of this acid formed with morpholine and piperidine are relatively soluble.
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Since the natural occurrence of metaphosphates!* was discovered by LIEBERMANN in yeast and
by HARDIN in aqueous extracts of cotton seed meal, the presence of the substance has been repeatedly
reported in microorganisms and plant cells and in some cases even in animal organs!?. SPIEGELMAN
aND KAMEN13, WIAME AND BRACHETY and others pointed out that different highly polymerized
forms of metaphosphates occur. The molecular weight of the water soluble metaphosphate isolated
from Aspergillus niger was determined as 6000—7000%%. The existence of an enzyme, able to hydrolyze
this condensed phosphate to orthophosphate increases the interest attached to metaphosphate. This
enzyme was found in 1928 by Kirasato! in the laboratory of the senior author. The high activity and
the wide distribution of metaphosphatase were described at an early datel”. More recently it has been
reported!® that even synthetic high molecular weight polymetaphosphates of molecular weight
>>1,000.000 are depolymerized by a metaphosphatase from molds. According to ELLIsS et al.l® the
enzyme is also present in the wool root. The effect of different cations on the ability of metaphosphate
to form complexes was pointed out by van Wazar AND CAMPANELLAZ0. Quaternary ammonium
ions do not take part in complex formation, alkali ions form weak complexes, other metal ions give
rise to strong complexes. In this connection it seems worth mentioning that even sodium can form
phosphato-complexes; they are loose complexes, since the solubilizations described in this paper
were easily carried out with sodium metaphosphate.

Further evidence that at least 2 species of metaphosphate occur in nature is the fact that
only one form readily exchanges radioactive phosphorus with the medium. The reaction in which
trimetaphosphate is formed from hexametaphosphate is irreversible?l.

As yet no triphosphoric acid has been found in nature. Kinetic studies of BELL? and also of
VoGEL AND PoDELL? show that hexametaphosphate is hydrolyzed to orthophosphate and trimeta-
phosphate. The latter can be hydrolyzed to ortho- and tri-phosphate, while triphosphate itself is
hydrolyzed to ortho- and pyro-phosphate. Since we have been able to carry out the last-mentioned
reaction by purely enzymic means® and since the wide distribution of a specific triphosphatase has
been established?®?, the possibility that triphosphoric acid takes part in biochemical processes can
not be excluded®. This would be in accord with the fact that this inorganic mother substance of
ATP affects reactions taking place in muscle tissues and in fermenting yeast cells??, 24,

The destruction of all amylatic activity of a-amylase? in the presence of Na,P,0,, is due to
the sequestering of the Catt ions necessary for the reaction. Similarly inhibition of peptic digestion
of edestin in the presence of polyphosphate as observed by BERSIN?® appears to be due to the com-
plexing of activating ions.

In view of all these relationships with biological problems we made a special study of the
solubilizing process of the different condensed phosphates. While various functions have been assigned
to the polyphosphates?, the role which should be ascribed to the natural storage of polyphosphates
has not been elucidated. Apart from the possibility of storage for specific needs?” there might be
some connection with the processes of phosphorylation. Ordinary phosphoric anhydride is formulated
as P,O,, rather than P,O, (PauLiNG). On addition of water this yields not only H,PO, but also
metaphosphoric acid. In ether suspension the anhydride is a useful phosphorylating agent!?, possibly
due to intermediary formation of ethyl metaphosphate®®. An addition to anhydro sugars has also
been reported®; later phosphorylations were carried out with pyrophosphate and triphosphate®.
Another function of polyphosphates is to split off water and bring about cyclizations®.

POCl, which is extremely stable against water (NEUBERG, MEERWEIN) and reacts as a mixed
anhydride of PO(OH); and HCI is also the simplest reagent for the production of acid esters of
pyrophosphoric acid in aqueous solution??32,

As a final example of the manifold transformations of phosphoric acids, the transformations
of orthophosphates and phosphites under neutron bombardment might be mentioned. In the course
of these reactions salts of hypophosphoric acid, HyPO,, are formed3?; we have therefore included
hypophosphites and phosphites in our investigations. The latter are of interest since BaBa® has found
an enzymically cleavable monoallylphosphite in nature.

Besides the ‘‘bioelements’” many other elements take part to a greater or lesser degree in
biological processes. Their physiological behavior is being investigated to an increasing extent, partly
in connection with isotope studies. The number of relevant publications is enormous and only a
scattered few will be referred to:

Problems of the migration and precipitation of Ca carbonate and phosphate in organisms
are treated extensively® in connection with histoplasmosis and pulmonary calcification (CHRISTIE)
on the one hand, shell formation in molluscs (BEVELANDER) on the other.

Calcium and fluorine show a definite tendency to form combinations with phosphates. The
oldest example is the wide distribution of apatite Ca,F(PO,),. In the inhibition of enolase WARBURG
AND CHRISTIAN® demonstrated the formation of an organic magnesium fluorophosphate complex,
thus explaining for the first time the cause of fluoride inhibition of enzymes. A similar combination
is assumed in the case of phosphoglucomutase®” while lecithin is believed to take part in complex
formation with calcium and magnesium through its phosphate residue®. Many instances of analogous
behavior are known!:2:3. Permanent or temporary formation of complexes of the type which may
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be involved in the solubilization effects described in this paper has also been observed in the binding
of iron by lycomarasmin®® or the chelating of cobalt by histidine®. The removal of inhibiting ions
by precipitation or sequestration has also been described4!. Coordinate complexes of antimonyl
compounds??, translocation of iron in pineapple$, combinations of plasma globulin with metals#
and complex formation with inorganic acids in connection with phosphatase activity® belong to
this group. An account of the essential constituents of sea water for growth of marine diatoms?6
and a review on complexes in physiological chemistry?’ furnish many remarkable details.

Some lesser known facts about trace elements may be worth mentioning: Zn is a universal
antagonist of snake and bee poisons®®. After RAULIN (1869) had shown the need for Zn to satisfy
the mineral nutritional requirements of certain fungi and a special chemical role had been assigned
to Zn in the transformation of intermediaries of carbohydrate metabolism?®, gallium which frequently
accompanies zinc in trace amounts was found to be a necessary oligometal for the development
of Aspergillus niger®®. The presence of Cr in plants®® seems worthy of attention. WikLAND aND
SoNDERHOFFS! found that oxidative conversion of acetic acid to succinic and citric acid by yeast
was possible in the presence of Bat™ salts. According to Cori®® the enzymic formation of glycogen
from hexosephosphates is catalyzed by Bat+. In Brazil nuts Ba is stored to more than 1% of the
dry weight%3.

Lead, which can accumulate in plants®, appears to play a part in a special effect of hyaluroni-
dase; in its presence the erythrocite sedimentation due to hyaluronidase is increased®. Enzymic
decarboxylations of oxaloacetic acid are activated by a considerable number of bivalent cations
including Pb, Ba, Cd%. HenzE's discovery® that the blood cells of ascidians contain a chromogen
which on ashing yields 10 %, V,0, is one of the remarkable observations in the history of biochemistry.
V is present in relatively large amounts®® in plants and animals including human teeth®® as well
as in petroleum and other fossil materials®. In these remnants of the tertiary geological period V
is bound to porphyrins. The V complexes were formed through transmetallization from substances
resembling chlorophyll and hemin®.

After early investigations of SOEHNGEN (1913) have stressed the importance attached to the
changes in nature from soluble to insoluble Mn compounds and vice versa more recent findings®
show the existence of a Mn cycle in the soil. Due to the simultaneous action of inorganic and organic
soil constituents Mn goes through various oxidation stages in this cycle. EDLBACHER AND BAUR®
report a Mn-proteid in arginase. In this complex Mn can be replaced by Cd or V++. According to
Hormann% Mn is of particular importance for the development of fungi and plants.

The solubilization of insoluble matter must play a significant part in processes
occurring in the soil. The number of “substrates” would be unlimited, the number of
“solvents” considerable. These ‘‘solvents” get into the soil with dead animal or plant
residues, but in part they are also formed directly by the living organisms present in
the soil.

This is true, e.g., for nucleic acids and nucleotides. As early as 1893 PETIT® found nucleic acids
in humus. KocH AND OELSNER confirmed this® and recognized that the nucleic acids formed are
conserved intact in the soil for many months and are only slowly decomposed by the normal microbial
flora. SCHREINER®® arrives at a similar conclusion and other authors too%” advanced evidence for the
presence of nucleic acids and nucleotides in the soil. Other relatively stable substances present in
the soil are the phytates. Their occurrence has been reported by WRENSHALL, DYER AND SmiTa®
as well as by YosHIDa®. Besides the salts of inositol hexaphosphate (phytin), inositol monophosphates
seem to be present™. In plants phytin occurs as a Ca-Mg salt, but also as pure Ca-phytate™.

The “‘solvents’’ investigated also include uronic acid derivatives which in various forms are
widely distributed in nature. The special importance of conjugated glucuronic acids for the problem
of solubilization has recently been stressed by us?. In addition we studied salts of free glucuronic
and galacturonic acids, of polygalacturonic, alginic and polyanhydroglucuronic (celluronic) acids.
Different polyuronides, mixed polymers of oligosaccharide and uronic acid units, play an important
role as residues of higher and lower plants, fungal and bacterial polysaccharides in the carbohydrate
metabolism of the soil™. Condensed uronic acids occur in iles mannan®™, in cereal straws™ and in
cereal products®™. We have investigated salts of D-mannuronic acid and its carboxylic acid group
containing polymerized anhydride known as alginic acid, both as ‘‘solvents’” and as ‘‘substrates”
in our solubilization studies.

Amongst the ‘‘solvents” the ester sulfates of high molecular weight deserve special mention.
SyLvEN's investigations™ show their occurrence and their role in processes taking place during the
development of the stromal matrix, fibroblasts, mast cells, mesenchymal tumors and new formations
of tissues and in local detoxication reactions in granulation tissue. The protective action of chon-
droitin sulfate preventing precipitation of BaSO, has been observed at an earlier date’.

““Substrates’’ investigated include protein-metaphosphates. While metaphosphoric acid has been
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used as a protein precipitant for a long time, well-defined crystallized reaction products were first
described by PERLMANN". A new biological function has been assigned by OBELMEYER® to the in-
soluble compounds formed between proteins and nucleic acids, the solubilization of which we investi-
gated previouslyl;? and in the present study.

Enzymes bound to cell nuclei show only a fraction of their activities. They become fully activated
when a protein is added to combine with the nucleic acid of the cell nucleus thus liberating the enzyme
by protein exchange. These facts are in accord with an older finding of WARBURG AND CHRISTIANS!
who liberated the oxidative fermentation enzyme precipitated with nucleic acid by an exchange
reaction with protamine. GEBERS AND DEUTICKE®? reported a special solubilizing ability of salts of
nucleotides of the adenylic acid system for muscle proteins. The many examples of the ability of
nucleates and related substances to form a large variety of complexes!:? appear to be related to
a number of enzyme interactions®3.

We have previously reported the solubilizing ability of the most diverse groups of organic acid
salts?. In connection with these “‘solvents’’ some additional remarks seem in order: The number of
acids known to be intermediaries or end products of metabolism is very large. FosTER AND CaRsON®,
BERNHAUER®, Env® and THIEMAN AND BONNERY give details on the formation and occurrence of
acids important for animal and plant organisms. Evidence for complex formation of malonates,
succinates, carbonates and pyruvates, was advanced by RILEY et al.88, Organic acid salts of this
type have a function in the uptake of inscluble material from the soil. They are eliminated by plant
roots together with nucleotides according to LUNDEGARDH AND STENDLID®. Relatively simple
phosphorylated substances belong to the same group. Sugar phosphates have long been recognized
as products of microorganisms and animal cells, BURKHARD AND NEUBERG isolated phosphoric acid
esters of various sugars from beet leaves. BARRENSCHEEN AND PaNy®! have shown that fructose
monophosphate results from assimilation. It is well known that more recently phosphoglycerate has
been recognized as the primary product formed in the assimilation of green plants. Its homologue,
phospho-D-arabonate?®? and the glycerophosphates widely distributed in nature should also be men-
tioned. The a- and #-forms of the latter compound show the same ‘‘solvent’ behavior; it is possible
that their buffer capacity® which is used in certain cases is connected with solubilization effects.

A short summary of a few other findings connected with the problem may be appended®.
Pyro- and meta-phosphates prevent blood clotting?; ordinary orthophosphate can act as a phos-
phorylating agent in vitrob; metaphosphate may possibly be originally bound in celis®; phospho-
silicic acid ester is said to occur in the mannogalactan of trigonella foenum graecumd; silicic acid
itself is present in animal organs in the form of an alcohol-ether soluble estere. Uranium is deposited
in the animal skeletonf and accumulated by cyanophycees8. Uranyl salts form complexes with
glycerophosphatest as with many simple polyhydroxycompounds. Molybdates form complexes with
phosphoric acid estersi as well as with H,PO, and exert a catalytic effect on the hydrolysis of organic
phosphate bondsk. La is present in yeast!; Nd precipitates proteins from very dilute solutions™.
Thorium is an activator for polygalacturonidasen. Ca, the complexes of which have been recently
investigatedo: P, has been found to have definite functions in the activation of proteolytic and other
enzymesd: T, s, The relation of Be to problems of general toxicity and specific enzyme inhibition has
been studiedt and the same is true for the acids of seleniumt.

Amongst the “solvents’” investigated we have included iésocitrates since they are regular pro-
ducts of metabolism. Besides the naturally occurring optically active acid™ we have used the racemic
isocitric acid made according to the directions of PUCHER AND VICKERYV. Salts of D-glucosaccharic
acid were studied since this acid has occasionally been found in nature and may act as an inter-
mediary in the formation of citric acid by aspergillus niger¥. Furthermore, the acid deserves attention
as specific inhibitor of p-glucuronidase*. A Ba-metabolism has been described in the larvae of Droso-
phila repletay. Finally reference might be made to the relationships between the problems of the
present investigation and the phenomena of hydrotropy?. Recently FLIEG? referred to this point;
he called attention to the fact that the solubility of calciumphosphate is increased in the presence
of surface-active substances, such as saponins, soaps, alkaline humates and sodium choleinate.

The relevant facts selected and referred to give some idea of the variety of aspects
connected with the problems under consideration and the many relationships resulting
therefrom.

The solubilization processes are essential. This is why we believed that the study
of this phenomenon should be extended and placed on a wider basis, the more so as
many of the results are unexpected. The data collected are too voluminous to be reported
completely, but typical examples selected from the various groups and tabulated below
should indicate the range and allow comparisons of the substances studied.

* We are indebted to Prof. H. B. VickERY for a sample of this acid.
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EXPERIMENTAL

The experiments indicated in the tables were carried out according to the schemes
and description given in Part I of this series!.
The following abbreviations are used in the tables (pp. 546-565)

ppt. = precipitate cl. = clear b. = boiling sh. = shaking

inh. = inhibition r.cl. = remains clear w. = warming slig. = slightly

t. = turbid alm. = almost st. = standing .= Control

sol. = solution o = no solution

MP = Sodium metaphosphate Na Pyr. = Sodium pyruvate

PP = Potassium pyrophosphate Na Lact. = Sodium lactate

TP = Sodium triphosphate NH, Lact. = Ammonium lactate

EMP = Monoethanolamine metaphosphate NH, Ch.S. = Ammonium chondroitin sulfate
NaG = Sodium glycerophosphate Na Mal. = Sodium malate

RN = Sodium ribonucleate MgFP = Magnesium fructose-diphosphate
Na Cel. = Sodium celluronate Mg G = Magnesium glycerophosphate
Na Gal. = Sodium galacturonate Na Glyc. = Sodium glycolate

Na Asc. = Sodium ascorbinate CMMS = Sodium carboxymethylmercapto-
NaGluc. = Sodium glucuronate succinate

Na Gl. = Sodium gluconate DRN = Sodium desoxyribonucleate

Mg Gl. = Magnesium gluconate K Tart. = Potassium tartrate

The inorganic ‘“‘substrates’’ mentioned in the tables are formulated as normal compounds
regardless of occasional deviation in composition.

General remarks

A cursory glance at the experimental material presented shows a wide range of
naturally occurring substances with solubilizing abilities. These “solvents” can act on
an enormous number of inorganic and organic compounds under physiological conditions
of temperature and hydrogen ion concentration. A significant concomitant of solubili-
zation is more or less complete deionization of the ‘““substrate”. Important elements
such as, e.g., the biometals are thus protected from precipitation and removal from the
sphere of biological activity. The binding of pharmacologically effective substances to
“solvents” may produce altered conditions. For processes taking place in animal or plant
organisms it is noteworthy that the “solvent” besides bringing the “‘substrate” into
solution enables it to migrate through the organism. The carrier function may be stopped
by enzymic degradation of the ““solvents” and the previously dissolved material be made
available for specific reactions at new sites. The “solvents” investigated are naturally
occurring substances and known substrates for specific enzymes. We must assume a
constant regeneration of the enzymes but also of the “‘solvents” which are among the
regularly circulating products of cellular metabolism. A mechanism is thus envisaged
which by a continuous chain of events serves biological tasks. We have shown that
such mechanisms do exist*. It might be added that enzymic degradation products of
difficultly soluble compounds, often readily soluble in the form of their neutral salts,
may become good “‘solvents’ for the originally insoluble ‘‘substrate”. Evidence indicates
that nature competes with itself to provide more and better solubilizing agents.

We are indebted to Dr MARIANNE KREIDL for helpful assistance.

* These examples will be given in detail in a later publication. For a preliminary report see
Federation Proc., 11 (1952) 253.
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TABLE I
MAGNESIUM AND CALCIUM SALTS
Substrate.
Solvent CaCOg* Cag(POy )" * MgCOg*** Mgg(POy)qt MgNH, POt
M MP 1 ml sol. 1 ml sol. 1 ml sol. 0.5 ml inh.
M PP 0.5 ml sol. 0.5 ml sol.
M[2TP 1 ml sol. 1 ml sol.
M EMP 1 ml sol. 1 mi sol.
M NaG. 1 ml sol. 2 ml inh.
r.cl.
5% RN 1 ml sol. 2 ml sol.
109, Na Cel. 0.75 ml sol. 2 ml sol. pH 7, 1 m] sol.
at higher pH t. alm.cl. r mlinh. pH 8§,
1 ml inh. if MgCl,
added first,
before other
ingredients t.
M Na Gal. 0.5 ml sol. o.5ml sol. pH 7, 0.5 ml sol.
at pH 8 t.
M Na Asc. 1 ml sol. 2 ml inh. 1.5 ml sol. 2 ml inh.
r.cl. on w.
M Na Gluc. 0.5 ml sol. 2 ml inh. 1 ml sol. 1.5 ml inh.
r.cl. on w.
M Na GL 1 ml sol. 3 ml inh. 0.2 ml sol. 1.0 ml inh.
pH 8 pHo pHo9g pH g, r.cl.
M Na Pyr. 0.5 ml sol. 1 ml sol. 0.5 ml sol. 0.5 ml sol. 0.5 ml inh.
up topH g on st. pH 7, pH 7, r.cl. on st. pH 7 1 ml sol. r.cl.
on w. t. up topH g (1 h observed)
M NH,-Lac. o.1 ml sol. 1 ml sol. o.1 ml sol. 0.5 ml inh.
at pH 11 t. pH 7-8,onw.t. pH 8, cL. r.cl. up to pH 8,
up topH ¢ on st. t.
M Na-Lac. 1.5 ml sol. 2.5 ml alm. 1 ml sol. 1 ml sol.
pH 8 sol. pH 7.5, pH 8 pH 8
at higher pH t.
10% NH, Ch.S. 2 ml sol. 2 ml inh. 2 ml inh.
r.cl. on warming r.cl. on w.
M4 Mg G1. 1.5 ml sol. 1.5 ml inh. 1 ml inh.
on st. after 5° r.cl. on w. after 57 t.
1.5 ml inh.
M Na Mal. 2 m} sol. w.

*C:2ml H,O: 0.
** C: 3 ml H,O ppt.

*** ppt. forms on w., C: 1 ml H,O ppt. remains. C: 5 ml H,O, inhibition on addition of NH,OH

cryst. ppt.

T ppt. on w., C: 3 ml cold H,O alm. cl,, ppt. on w.

tt C: 2 ml H,O ppt.

Experiments were also carried out with: M Na-glycolate, 1.5 M K-tartrate, M Na-carboxy-
methylmercaptosuccinatettt (resemblance with citric acid) and 69, Na-desoxyribonucleate. The

results were analogous.

t1t Formula: H,C-COOH
HC-COOH
I

S

H,C-COOH
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TABLE
URANYL, MANGANESE, FERROUS,
Sub-
Solvent UOyHPO,* U0,S MnCOg ** Mng(POy ), FeCO*** Fey(POy ) ot

M MP 3 ml inh. 2 ml sol. w. 0.3 mlsol. 0.4 mlsol
on w. t. (colorless)
(green-yel.)

M PP 3 ml sol. w. 3 ml sol. w. o.5 mlsol. 0.2 mlsol

: (colorless) (colorless)

M2 TP 3 ml inh. 2 ml sol. w. o.5 mlsol. 0.2 mlsol.
(alm. (colorless)
colorless)

M EMP o 1 ml sol. w. 0.3 ml sol. 0.2 ml sol.
(alm. (colorless)
colorless)

M|2 MFP 2 ml inh. 1 ml sol. 0.9 ml sol.
(greenish)

M NaG

M MgG 2 ml inh. 2 ml inh. 2 ml sol. 1 ml inh.

) (green)

5% RN 3 ml inh. t. 2 ml inh. 2 ml sol. 0.7 ml sol.

cl. on sh. (green-black) (greenish) (green)

M Na Cel. 1 ml sol.

M Na Gal. o

M Na Asc. o o 1 ml inh.

on st. or w. t.

M Na Gluc. 2 ml inh. pH 6 2 ml inh. 0.6 ml sol.

at higher pH t. on st. 2’

M Na Gl. 1 ml inh. 0.4 ml sol.
on st. 27
(greenish)

M Na Pyr. 0.5 ml sol. o 0.5 ml sol. 1 ml sol.

pH 7,
at pH 8 t.

M NH,-Lact. 0.4 ml sol. 0.4 mlsol. 0.6 mlsol.
on st. t. after 1 h t.
(greenish)

M Na-Lact. 1.5 ml sol. o 1 ml sol. 1.6 ml sol.
pH >8t. omnst 5

M NH, Ch.S. 2 ml inh. 2 ml sol. 2 ml inh.

M]|4 Mg Gl 2 ml inh. 2 ml inh.
(colorless) (alm. colorless)

M Na Mal. 0.5 ml sol. 2 ml inh. 0.5 ml sol.

(greenish)

* Sol. cl. after standing some min.

*okw

C. as above.
t C. as above.

** C. 2 ml H,O or M/10 Na-acetate t.

tt C. all solutions combined no ppt.
t1t The inh. experiments with Co and Ni are convincing as Ch.S. does not dissolve, that means
that the NH, part of the salt does not dissolve by complex formation.

Experiments were also carried out with M Na-glycolate, 1.5 M K-tartrate and M Na-carboxy-
methylmercaptosuccinate. The results were analogous.
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VII
FERRIC, COBALT AND NICKEL SALTS
strate
Fe(OH)4tt FePO, CoCO, Cog (PO, ) NiCOsttt Nig(PO,y)q
1 ml sol. w. 0.7 ml sol. w. 0.2 ml sol. 0.z ml sol. 1.5 ml sol. 0.4 ml sol.
(yellow) (viol. pink) on st. 5”
1 ml sol. w. 0.7 ml sol. 0.3 ml sol. 0.2 ml sol. 1 ml sol. 0.3 ml sol.
(yellow) (violet)
1.5 ml sol. w. 0.7 ml sol. w. 0.2 ml sol. 0.2 ml sol. 1 ml sol. 0.4 ml sol.
(colorless) (viol. pink) on st. 37
1 ml sol. w. 0.7 ml sol. w. 0.3 ml sol. w. 0.2 ml sol. 1 ml sol. 0.4 ml sol.
(colorless) (violet) on st. 3’
2 ml inh. 1.7 ml sol. 1 ml inh. 0.7 ml inh. 2 ml sol. 1.5 ml inh.
cl. on st. 57
2 ml inh. 2 ml inh. o 0.7 ml inh. 2 ml sol. w. 1.5 ml inh.
(pink)
3 ml sol. 2 ml inh. 0.5 ml sol. 0.7 ml inh. 1 ml sol. 1 ml sol.
on st. 3’
2 ml inh. 2 ml sol.
0.5 ml inh.
0.5 ml sol. [ 1 ml sol. 1 ml sol.
r.cl. on w. red r.cl.on w.
0.5 ml sol. 2 ml inh. 0.5 ml sol. 1 ml sol.
(red.viol.) yellow on st. 57
1 ml sol. 0.6 ml sol. 0.5 ml sol. 0.4 ml sol. 0.5 ml sol. 0.6 ml sol.
(red. viol.)
0.5 ml sol. 1 ml sol. 0.25 ml sol. 0.5 ml sol.
on st.
1.5 ml sol. 3 ml inh. 0.2 ml sol. 0.3 ml sol. 0.2 ml sol. 0.2 ml sol.
2 ml sol. 2.5 ml sol. 1 ml sol. 2.5 ml sol. 1.5 ml sol. 1.5 ml sol.
on st. 37 (alm. colorless)
2 ml inh. 2 ml inh. 1 ml inh. 1 ml inh.
2 ml sol. 2 ml inh.
on st. 107 (pink.) (pink)
0.5 ml sol. 0.5 ml sol. o.5 ml sol. 0.5 ml sol. 0.5 ml sol.
(pale green) pink pink
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TABLE
SILICATES
, Sub-
Solvent CuSiog* MgSiOg* CaSi0g* ZnSiOg Aly(Si0g )q
M MP 0.8 ml sol. 0.5 ml sol. 0.5 ml sol. 1 ml sol. 1.5 ml inh.
colorless
M PP 0.5 ml sol. 1.5 ml sol. 0.5 ml sol. 0.5 ml sol. 1.5 ml inh.
green
M[2TP 0.5 ml sol. 1.5 ml sol. o.5 ml sol. 0.5 ml sol. 1.5 ml inh.
green
M EMP 0.5 ml sol. 0.5 ml sol. 0.5 ml sol. o.5 ml sol. 1.5 ml inh.
green
M NaG 1.5 ml inh. 3 ml sol. w. 2 ml sol. 1.5 ml inh. 1.5 ml inh.
after 17t.
5% RN 1.5 ml inh. 1 ml sol. 1 ml sol. 1.5 ml sol. 1.5 ml inh.
10% Na Cel. 1 ml sol. w. 2 ml sol. 1 ml sol.
2 ml sol.
M Na Gal. 0.5 ml sol. 0.5 ml sol.
M Na Asc. 1 ml sol. 1 ml sol. o 2 ml inh.
on w. t.
M Na Gluc. 1 ml sol. 1 ml sol. 1.3 ml inh. 2 ml inh.
on st. 57 r.cl.on w.
M Na Gl 0.5 ml inh. 1 ml sol.
rcl.24 h
M Na Pyr. 0.5 ml sol. 0.5 ml sol. 1 ml sol.
on st. after on w. t.
ht.
M NH,-Lac. 0.2 ml sol. 0.5 ml sol.
M Na-Lac. 1 ml sol. 1 ml sol.
M NH, Ch.S. 1 ml sol. 1 ml sol.
r.cl. on w.
M Na Mal.
* C. 1 ml H,0 ppt.
** C. 2 ml H,O ppt. All solutions colorless.

Experiments were also carried out with M Na-glycolate, 1.5 M K-tartrate, M Na-carboxy-

methylmercaptosuccinate* **

*

results were analogous.

*** H,C-COOH
|
HC-COOH
!

S

|
H,C-COOH

(resemblance with citric acid) and 6% Na-desoxyribonucleate. The
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VIII
strate
PbSi0y MnSiOy Fz.Sioa * Feg(Si0g )y ** C0Si0, NiSiO,
1 ml sol. 1.4 ml sol. w. 1 ml sol. 1.5 ml sol. w.
(alm. colorless)
2 ml sol. 1.4 ml sol. w. 1 ml sol. w. 1 ml sol. w.
(blue) on st. 2’
1.5 ml sol. 2 ml sol. w. 1 ml sol. 1.5 ml sol.
(pink) w. on st.
0.5 ml sol. 1.4 ml sol. 0.8 ml sol. 1 ml sol. w.
on st. (pink)
3 ml inh. 3.4 ml inh. 1.5 ml inh. 1.5 ml inh.
(pale pink)
3 ml inh. 2 ml inh. 1.5 ml inh. 1.5 ml inh.
(green)
2 ml sol.
0.3 ml sol. o
1.3 ml inh.
0.6 ml sol. 0.4 ml sol. w.
4 ml sol. 0.1 ml sol.
on w. flakes
of Si0,
5 ml sol. 2.5 ml sol. 2.5 ml sol.
2 ml inh.

2 ml inh,
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TABLE XXII
NUCLEATES
Solvent
Substrate 10% Sodfum celluronate Remarks
Ca-nucleate 2 ml inh. pH 7.2 C. z ml H,O clear, turbid on w.,
r.cl. on w. remains t. on cooling
Al-nucleate 1 mlsol. w. pH 6 Ca-nucleate sol. by M Na malate
r.cl. up to pH 8 at pH 5.5-7.5

La-nucleate

=

ml inh. pH 6
.cl. at pH up to 8

lal

Ce-nucleate

[

ml sol. on st. 3’ pH 8

UO,-nucleate 1 ml sol. pH 6
r.cl. at pH up to 8
Ferric-nucleate 1 ml sol. on sh. pH 3
r.cl. up to pH 7.5

M [100 Quinine sol. r. cl. up to pH 7
nucleate

M /100 Strychnine sol. r.cl. up to pH 7.5
nucleate

TABLE XXIII
VARIA

Ferricyanides and Cobalticyanides: results are analogous to those obtained with Ferrocyanides.

Gallium: Ga(OH), and Ga,[Fe(CN),], are solubilized by M PP, M/2 TP, and M NaG.

Magnesium fluovophosphate: The precipitation of Na-fluorophosphate by Mg-acetate is delayed
on previous addition of 5% RN or 6% DRN.

Alginates: Cu-, Mg-, Ca-, Al-, Mn-, Fe(II)-alginates are solubilized by M MP, M PP, M/[2 TP,
M EMP, M NaG and 5 % RN. Mercurous alginate is solubilized by M MP, M PP, M /2 TP, M Na Pyr.
on warming.

Pectates : Mg-, Ca-, Al-, Fe(II), Fe(III), Mn-pectates are solubilized by M MP, M EMP, 5% RN.

Calcium humate: prepared from the soluble Na- or NH,-salt. Typical turbidity on warming.
The precipitation is inhibited when M MP, M PP, M/2 TP or M EMP are previously added.

Basic Calcium-gluconate is solubilized by M Na malate and 5% RN; pH 11.

Calctum-fructose-diphosphate : This compound is soluble in cold and insoluble in hot water.
Notoriously a suspension of the insoluble Ca-salt redissolves on cooling. The hot-precipitation is
inhibited on addition of many inorganic and organic ‘“‘solvents’” which are mentioned before.

In a similar manner the precipitation of numerous naturally occurring acids by salts of alkaline
earth and rave earth metals (Ce, La, Y, Pr, Nd etc.) is prevented.

8-Hydroxyquinoline compounds :

Cu-compound: inh. with 5% RN.
Zn-compound: inh. with M /2 TP and 5% RN.
Co-compound: inh. with M /2 TP and 5% RN.
Ni-compound: inh. with M EMP and 5% RN.

Alkali salts of propanediol phosphoric acid, 5-phospho-p-arabonic acid, phytic and 3-phospho-
D-glyceric acid have been proven as good ‘‘solvents’’.

Precipitation of

Part of the description of the phenomena under consideration may be amplified by the statement
that neutral salts are now found capable of accomplishing in a far more general way tasks previously
assigned to a limited extent to free acids or alkalis. The exact mechanism involved must naturally
differ for various types of reacting substances. The effects due to multifunctional groups, auxiliary
valences, intra- and intermolecular and interionic forces, association, simple addition and coordination
compounds, chelates, molecular compounds and aggregates of higher order, clathrates, all play a
part. Experiments dealing with the various systems will be reported in a later communication.
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SUMMARY

It could be shown that the salts of inorganic acids, and especially of a great number of organic
acids are capable of solubilizing insoluble mineral constituents and organic materials, or of preventing
their precipitation. These compounds are formed from elements which belong to all the groups of
the periodic system and to the most different classes. The solvents are found everywhere; they are
obligatory intermediaries, continually reformed, or final products of metabolism, or cellular con-
stituents. They perform at the same time the function of carrier of the solubilized material. The
transformation products of materials of high molecular weight which can form salts are often excellent
solvents. The general importance of these phenomena is discussed.

RESUME

Les auteurs ont montré que les sels d’acides inorganiques et surtout de nombreux acides organi-
ques sont capables de rendre solubles des constituants minéraux et des matiéres organiques insolubles
ou d’empécher leur précipitation. Ces composés peuvent contenir des éléments appartenant a tous
les groupes du systéme périodique et faire partie des classes de corps les plus diverses. Les “‘solvents”
se trouvent partout: ce sont des intermédiaires obligatoires, reformés continuellement, ou des produits
finaux du métabolisme, ou bien des constituants cellulaires. Ils remplissent en méme temps la fonction
de véhicule de la matiére solubilisée. Les produits de transformation de matiéres & poids moléculaire
élevé qui peuvent former des sels sont souvent des excellents solvents. L'importance générale de
ces phénomeénes est discutée.

ZUSAMMENFASSUNG

Fiir Salze anorganischer und namentlich zahlreicher organischer Sauren wird die Fahigkeit
nachgewiesen, unldsliche Mineralbestandteile und unlésliche organische Materialien in Ldsung zu
bringen oder vor dem Ausfallen zu bewahren. Die Verbindungen konnen allen Gruppen des perio-
dischen Systems und den verschiedensten Korperklassen angehoren. Die Lésungsmittel sind ubi-
quitar, sie sind fortlaufend neu geschaffene obligatorische Zwischenstufen oder Enderzeugnisse des
Stoffwechsels oder Zellbestandteile. Sie erfiillen zugleich Schlepperfunktionen fiir die solubilisierte
Materie. Salzbildende Umwandlungsprodukte hochmolekularer Substanzen erweisen sich oft als
treffliche Solventien. Die aligemeine Bedeutung dieser Erscheinungen wird dargelegt.
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