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1. 

It is generally believed that the reactions of colloids do not obey 
the stoichiometric laws of general chemistry. This viewpoint 
is illustrated clearly in t,he discussion of the a.ction of neutral 
salts upon such physical qualities of proteins, as the swelling power 
of gelatin. The colloid chemists state that acetates, sulfates, 
tartrates, and citrates influence the swelling in t.hc opposite sense 
from chlorides, bromides, and nitrat,es, the latter causing more 
swelling of the gelatin than distilled mater, while the former cause 
R shrinking of the gelatin. Moreover, they claim that the rela- 
tivc efficiency of t,hc anions of bhc same group varies in a definite 
order. The influence of the cations is stated to be negligible. 
In a previous paper the writer has already reported facts showing 
clearly that the effect of neutral salts upon the swelling of gelatin 
is of a stoichiometrical character.’ Thus it was shown that all 
t,he univalent) cations of neutral salts, Li, Xa, K, and NHI, influ- 
ence t’he swelling of gelatin at exactly the same concentration no 
matter what the nature of the anion; and the writer had also 
proved that only an unsuitable method was responsible for the 
erroneous statements of the colloid chemists concerning the in- 
flucnce of salts upon the swelling of gelatin. 

The source of error into which the colloid chemists have fallen 
in this case is not difficult to understand. It happens that an 
adequate chemical reaction between neutral salts and proteins 

1 Loeb, J., J. Biol. Chem., 1918, xxxiii, 531. 
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78 Action of Neutral Salts on Gelatin 

occurs only when t,he salt is added in escess, and it also happens 
that a number of the physical qualities of the new salt-protein 
compound only become apparent if the cxccss of the salt which 
acted upon t,hc prot,ein is afterwards washed away. In most 
previous experiments the effect of the salt upon the protein was 
t&cd in the presence of the salt; so that when littlc salt was 
used no or too small an effect on the protein was produced and 
when too much salt was used the salt present prevented t,he mani- 
festation of the now qualities of the salt-protein product. Thus 
in Hofmcistcr’s experiments” the swelling of a block of gelatin 
was measured in the prcscnce of an excess of salt* and he measured 
in reality the resultant of two opposite effects; namely, the mass 
action of the salt upon the protein and the inhibiting effect of the 
salt upon tho swelling of the new salt-protein compound. It. is 
no wonder that with such m&hods no stbichiometrical results 
were obtained. 

Our method consisted in perfusing 2 gm. of finely powdered, 
non-blclached gelatin of equal sixc of grains (going t.hrough sieve 
size 50 but not through GO) twice with 25 cc. ~j8 NaCl. It) was 
assumed that wit,h t.his excess of salt a certain percentage of the 
gelatin molecules would react w&h the NaCl and form a new 
compound. The gelatin molecules being amphoteric but stronger 
as acid t.han as base should form with the salt a compound which 
we will symholizc as Na-G (sodium gelatinate). When WC remove 
the salt’ by perfusing the powder four times with 2.5 cc. of Hz0 
t,he Sa-G formed is supposed to remain after tha salt solution is 
washed away. Hence it is the addit,ional swelling of this sodilml 
gelatinate which served for the experiments in our previous13 
publish4 notes. 

This compoun(1 dissociat,cs clcctrolytically into G + &a, as 
was indicated by the fact that in the electrical field gelatin trentcd 
with Sa(:l, and t,hen washed with HzO, migrates exclusively t,o 
the anode (as tlocs the golatin not trcatcd with salt, which i3 a 
stronger acid th:ln base). This leaves the question open whet,hcr 
or not the Cl combines also with the gelatin or whether the rc- 
n&on is only between Na and gelatin; in other words, Which of 
the two following possible reactions t,akes pla,ce? 



Jacques Loeb 79 

< 

NHZII _ 011 

< 

NHsHCl 
1. Gelatin + NaCl = gelat.in + H,O 

COOH cooxa 
iYH~HOE1 NHzHOH 

2. Gelatin 
< 

+ K&l = gelatin 
< 

+ HCl 
COOH COONa 

If the second type of reaction takes place, free acid, HCI, 
should appear in t,he supernatant~ salt solution. This was ap- 
parcntlg not the case in our experiments. It should, however, 
be borne in mind that at least part of any free acid formed 
would combine with the gelatin and t,his combination between 
IICl and golatin might occur not only in molecuies of the type 

but also in the molecules not in combination with 

SH,HOH 
Nn; namely, g&An 

< COOH 
It is very probable that the 

react ion bcl.wecn gelatin and Sac1 in our experiment is not com- 
plctc; i.c., tlocs not transform all t,he gclntin molecules into Na gc- 
latin:ltr,. If, therefore, part of the acid is caught by the gelatin, the 
fact that the reaction of the supernatant salt solution does not 
bccomc mnrkcdly acid dots not speak against the assumption that 
the reaction which occnrs is the second reaction, which results in 
tho formation of asodium gelatinate. The decision of t.he question 
is not csscrrt in1 for our present purpose. WC may state that when 
vvc trcnt gclntin with an excess of NaCl a compound is formed 

+ 
which tlissociates electrolyt.ically int,o Na and a negatively charged 
geMin ion. If t,his gelatin ion contains also Cl the Cl is held in 
noll-dissoc:i:l.l)le or less dissocinble bondage; so that for all practical 
purposc~s WC arc dealing with a compound which we may call 
sodium gelatinate and which we will symbolize as X3-C. 

XH2H.0H 
Xon-trcatctl gelatin of the type gclat,in 

<,OOH 
swells in 

dist,illccl water, but the swelling soon rcachcs itsmaximum. Sodium 
gclntinatc swells also when pcrfuscd with an M/S NaCl solution 
and rc~~chcs :L maximum (nhich is lower than that of non-treated 
gelatin in II,O). This swelling is the ir~‘tiwl swelling which has 
nothing or little to do with the effect of t.hc salt and which will be 
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disregarded by us. If we remove, however, t,he excessive salt by 
pctrfusing t.he powder repentcdly with a SaCl solution weaker 
than M/S we find that below a definite concentration (M/M) of 
NaCl an additiona swelling of the gelatin takes place, which 
becomes the greater the greater the dilution of the washing solu- 
tion. This adtlitiona2 swelling which is the true effect of the salt 
upon the swlling of the gelatin we assumed to be due to the 
existence of thtb negative g&tin ion. That the gelatin ion has a 
negative chargo in this case has nothing to do with the phenomenon 
of additional swctlling, since positively charged ielatin ions (e.g., 
gelatin treat& wit.h acid) also give rise to an additional swelling. 
The assumpGon that the ionization of the gelatin is responsil)le 
for the additional swelling is not, necessary for the proof of the 
stoichiometric:J character of the influence of neutral salts on the 
swelling, though cverything spcnks in favor of this assumption. 

The fact of importance for us is the following: An excess of 
NaCl is necessary to cause the formation of Na gelatinate and the 
ntl&ibionaZ swelling only begins to appear if t,heexcess of th- s:~lt 
is removed and the AI//~ X\l’;l(I solution is replaced by a 11 64 
SaC1 solution. If the M/S SaCI is replaced by a still weaker 
naC1 solution the additional swelling becomes still greater. 
The stoichiometricnl character oj th.e inhibiting in,lluence of neutral 
salts upon the cztldilional swelli~q ~1s revealed in the jollowiny jncts. 

1. All neutral sodium salts with monovalent anion have untlcr 
the conditions (11’ the cxptGncwt the same limiting molcculnr 
concentration for the beginni!lg of the additional swelling, namely 
M/64 (Table I, Group I). 

2. All neutral sodium salts with hivalent anion have the sarnt: 
limiting molecular concentration for the beginning of the addi- 
tional swelling which is ari128 --clxactly half as large as that for 
t.hc salts with tuonovalent :lrlion. Since a hr ‘128 solution of 
Na,S04 has approsimat,ely as many sodium ions in solution as a 
M/84 NaCl solution, we can say that in all neutral solutions of 
a sodium salt with monovalrnt, or bivalent anion the limiting 
concentration for the additional swelling is dct.crmined by the 
concentrat.ion of Sa ions in the! solution which is ~,/64 regartllrss 
of the anion (‘r:i/)le I, GrollrJ 111. 

3. The limiting concentration for t.he additional swelling rernains 
the same when the salts tre:tt,cd first with M/S NaCl are after- 
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wards perfused with neutral solutions of salts of Li, K, and NH, 
with monovalent or bivalent anion (Table I, Groups I and II). 

4. Non-electrolytes, like cane sugar, glycerol, alcohol, have no 
such limiting effect upon the additional swelling in concentrations 
of 2 M and below, but behave like distilled water (Table I, Group 
v>. 

These four facts are only comprehensible on the assumption 
that the additional swelling of gelatin depends upon the formation 
of well defined metal gelatinates in which the metal ions, Li, 
Na, K, and NH,, can replace each other in the same stoichiometric 
way as in the case of simple inorganic salts. The fact that the 
nature of both bivalent and univalent anions and univalent cat- 
ions of the salt are of little if any importance fits well with the 
assumption that it is the ionization of the metal gelatinate which 
determines the additional swelling (Table I). 

In order to understand the figures it should be stated that the 
perfusion of gelatin occurred in cylindrical funnels of the same 
diameter so that the increase in the height of the cylinder, expressed 
in the table in millimeters, was the measure of the swelling. The 
measuremenm were usually made after 24 hours to allow all the 
water which was not held by the gelatin or in the minute capil- 
lary spaces between the granules to run off.31 l 

The perfusion of the 2 gm. of gelatin with 50 cc. M/S NaCl 
causes a considerable initial swelling which does not increase 
when the perfusion with M/S NaCl is repeated. When, however, 
for the subsequent perfusion (following that with ~/8 NaCl) 
a weaker solution, namely ~/64 or ~/128 NaCl, is used, additional 
swelling takes place and this additional swelling is the true effect 
of the previous salt treatment upon the swelling of gelatin. As 
long as this additional swelling is less Ohan 3 or 4 mm. in the 
height of the cylindrical mass of gelatin it may be disregarded 
since this is within the limits of unavoidable variation, due mainly 
to the formation of air bubbles in the mass and the error in measur- 
ing the height of the cylinder. The real additional swelling begins 
with an increase of 5 or 6 mm. in the height of the cylindrical 
mass of gelatin. The figures in Table I give this increase in 
the height of the cylindrical mass of gelatin in millimeters. The 

3 Loeb, J. Bio!. Chem., 1917, xxxi, 343. 
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reader will notice tha.t the increase between 5 and 7 mm. lies at 
~/64 for all salts of Croup I (type NaCl), while it lies at ~/I28 
for all salts of Group II (type Na&04) regardless of the nature of 
the anion. This is the most fundamental of our results whereby 
the fact is est,ablished that we are dealing with simple chemical 
substitution phenomena. 

Perfusion of Na gelatin with M/128 solutions of the salts of 
Group I (type NaCI) causes an additional swelling of from 10 to 
15 mm. in the height of the cylindrical mass of gelatin; the same 
quantitative effect is found for concentrations of ~/256 for salts 
of Group II (t.ype SanSO,). All through the table it is obvious 
that t,he salts of the type Na&04 give the same figures for addi- 
tional swelling when their molecular concentration is one-half of 
that for Group I, type NaCl. This is true regardless of the nature 
of t,he anion or cation, as long as the latter belongs to the alkali 
group including NH,. 

When we perfuse the gelatin (previously treated with ~/8 
XaCl) wit.h solutions of non-electrolytes (sugar, glycerol, alcohol) 
of different concentration we get the same effect as when we use 
distilled water. This is one of the reasons why we are inclined to 
assume that the limiting concentration for the action of neutral 
salts upon swelling is that concentration which allows so many 
of the sodium gelatinate molecules to dissociate electrolytically 
that the addit.ional swelling can begin. If our assumption is 
correct, the figures given in Table I might be utilized to calculate 
roughly the degree of electrolytic dissociation of the Ka gelatin 
molecules in the solution of a salt of a given concentration, by 
taking the dissociation in HZ0 as 100 per cent. 

The reader will notice that we do not utilize the absolute amount 
of swelling as a crit.crion for our conclusions, but use only equal 
swelling in different concentrations of salt. The absolute swell- 
ing cannot. be est.imated by our figures since they include not only 
the wat,er held inside the gelatin grains (the true swelling) but 
also the water held in the fine capillary spaces between the powdered 
granules which, however, may be only a comparatively small 
quantit:y. 

It seemed desirable to see whether we could determine the 
limiting concent,ration for the swelling caused by neutral salts of 
Type I (XaCl) and Type II (NazSOJ a little more accurately. 
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For this purpose 2 gm. of powdered gelatin were perfused twice 
with 25 cc. M/S I$aCl and then with solutions from between 
16 ~/512 to ~/512 of different salts of Types I and 11. In this 
case we found again that the molecular concentrations of salts of 
Type I (SaCI) which just permit swelling are twice as great as 
those for salts of Type II (NaSOd), and that the limiting concen- 
trations arc approximat’ely between 3,‘512 and 4/512 for Salts 
II (S&03and between 3 ‘256 and 41256 for Salts I (SaCI) 
il’able II‘). 

TABLE II. 

More accurate determinations of the limiting concentration of different salt solutions 
upon the additional swelling of column of sodium gelatinate. 

KiaCI .................. 

NaPTO 3 ............... SaUr 

.................. 

h-‘acss ................ 

LiCI ...... .: ........... 

Ii ncetnte ............. 
KH&. ............... 

(iYHa)zSO(. ............ 
Nai m:ilat,e ............ 
Pian tzkrtrste .......... 
Nn, oxalate ........... 
KSO,. ................ 

1.51 ,2 

’ !  
1.5, 3.5’ 2 
2.5’ 2 3.5 
213 3 
1.5 2 2 
211 4 

i !  mm.,  mm.i mm.  

,215 
I23 
I”4 ,- 
‘19.5 

I8 I 
,26.5’ 
22 j 

-__ 
8 113 21 

1 0 2.5 3 4.5 7 j 14 / 
---, _- 

11001 1 1 0 01 1 1 2.5 4.5 2.5 4.5 8 113 21 
1 1 0 1 0 0 1 0 0.5 0.5 1 4 1 4 5.510 22.5 
1 11110 1 1 1 0 1.5 1.5 3.5 5.5 3.5 5.5 9 16.522.5 

0 

0 ,I 

I 12 I 

11 2 5.5 5.5 5.5 5.5 9 12 

I 
1.5 1.5 4 5 3 113 j 

From these facts it follows that only the cation inhibits the 
swelling in this case and that univalent cations, Li, Na, K, NHJ, 
all act in exactly the same way in the same concentration no 
matter what the nature of the anion is. We can, th.ereforr. use 
the limiting concentration sf a neutra2 salt for the additional swelLing 
sf sodium gelatinate as a rough method for determining the molecular 
concenztration of the salt and for this reason we are entitled to state 
that the action of the neutral salts upon the swelling of gelatin is of 
a strictly stoichiometrical charactes. 

In all the experiments thus far repolted we always used the 
same ion-gelatin compound; namely, Sa gelatinate prepared by 
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treating t,he gelatin wit.h M/S XaCl. \\‘e have stated in a previous 
paper that we get the same results when we first treat the gelatin 
with some other neutral salt; e.g., LiCI. 

The effect of t,hc neutral salts of the alkaline earth metals rc- 
quires a special discussion. We have found that the salts of Mg, 
Ca, Sr, and Ba clo not cause an addit,ional swelling, and we are 
forced to t,he conclusion that’ such salts form cithcr non-ionizable 
gelat)in c~omponnds or compounds of a different type from those 
which originnte when sahs of the &ali metals combine wit.h 
gelatin. Pfciffer and von Modelski have shown that Ca forms 
with amino-acids and betnincs compounds containing two or three 
at,oms of amino-acid in the molecule; namely, 

(::qicl 
AC1 

as WC11 as Cn 
.4c1 <,*c, 

The idea suggcstsitself that similarproducts originate when the 
met,als of the alka.line earths combine with proteins like gelatin 
and that thtase larger compounds (of the t)ype calcium gelatinate) 
do not cause any additional swelling. M-e will represent such com- 

gelatin 
pounds under the symbol Ca 

<gelatin 
while the compound really 

formed may be of a more complicated or different nature than 
rrprcsmtctl by our splhol and may also contain Cl. If it is the 
ionized gelatin which causes the additional swelling it follows 
that such compounds as cxlcium gelntinat,e do not dissociate 
cblectrolytically or if they do so their ionization will result in t,hc 
formation of a polymerizecl or othcrwisc more complex gelatin 
anion, which for some uncxplaincd reason is not capable of swelling. 

That. the neutral salts MgC12, MgSO,, CnCl?, CaS04, &Cl*, 
and R&h, react with gelatin under the formation of definite 
metal grlat,inates and that t.hese compounds determine the nega- 
tivc influctnce upon swelling is indicated by the fact that the limit- 
ing concentration is identical for all t.hese salts; namely, about 
w,/512 (Table I, Groups III and IT’). This means that when we 
first perfuse gelatin with M/S NaCl to form sodium gelatinate and 
then wash t,he SaCl away with solutions of salts of the alkaline 

’ Pfciffer, P.. rind von Ytlodelski, J., 2. physid. Chem., 1912, Ixsxi, 339; 
1913. lxxsv, I. 
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earth metals, the additional swelling begins to appear when the 
concentration of the CaCL, etc., is about ~/512 or below. The 
fact that CaC& and CaSO+ and MgClz and MgS04 act alike 
confirms again the stoichiometrical character of the action of these 
salts on the gelatin. 

II. 

Hardy made the discovery that proteins when treated with 
acid migrate to the cathode and when treated with a base to the 
anode, and this fact was first interpreted as a “colloidal” phe- 
nomenon due to the “adsorption” of the H or HO ion by the pro- 
teir? or to the “transfer of the electric charges” of these ions to 
the protein. The writer pointed out that no such explanation 
was needed and that the phenomenon was a simple case of electro- 
lytic dissociation due to the fact that the protein molecule is an 
amphoteric electrolyte, which in the presence of acid must dis- 
sociate as a base and become a cation, while in the presence of 
base it must dissociate as an acid and become an anion.6 This 
chemical view has since been generally accepted but with an 
important alteration suggested by Hardy that when acid is added 
to a protein a salt is formed which dissociates into the anion of the 
acid added and a positive protein ion.7 

R lNHzHoH + HC1 -R /NH2HC* + Hz0 
\c OOH \c OOH 

NH,HCI 
R 

< 
. - ; /NH2H + (Al 

COOH \COOH 

Therefore, if we treat gelatin with acid, e.g. HCl, a salt (gela- 
tin chloride) is formed which dissociates into a positively charged 
gelatin ion and a negatively charged chlorion. When a 1 per 
cent solution is made of gelatin previously treated with HCI 
the gelatin no longer migrates to the anode but to the cathode. 

This new compound, gelatin chloride, which dissociates into 

5 The protein ion was supposed to be charged positively by the adsorbed 
H ion and negatively by the adsorbed HO ion. 

6 Loeb, University of California Publications, Physiology, 1902-04, i: 149. 
7 Hardy, W. B., J. Physiol., 1905-06, xxxiii, 251. 
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gelatin and Cl gives us an ideal chance to test, our stoichiometric 
theory. If this theory is right. we should expect that. if WC first 
treat powdered gelatin with dilute HCl, and follow this with three 
or four perfusions wit,h various concentrations of neutral salts, we 
should expect the following results: 

1. Neutral salts of t.hc type NaCl (e.g. univalent anion, univalent 
cation) should permit additional swelling of gelatin chloride at the 
same degree of dilution which under the conditions of our ex- 
periments was again M/64. 

2. Neutral salts of the type CaCl? (i.e. alkaline earth m&Is 
and univalent anion) should cause additional swelling of gelatin 
chloride in molecular concentrations exactly t,wicc as dilute as 
salts of the t,ypc NaCl; namely, from JI 128 down. The reader 
will notice that CnCIS should act upon gelat,in chloride exactly 
as salts of the type’ S:t$O, acted up011 sodium gelatinate in the 
previous cxpcrimt~nt~s reported in Table I. 

3. Salts of the t,ypc S&SO4 (i.e. univalent cation, bivalent 
anion) should allow additional swelling of gelat,in chloride in con- 
centrations from fir,, 512 and below; in other words, NatSO 
should act upon gelatin chloride as CaClz did upon the sodium 
gelat~inate in the previous experiments. It should form more 
complicated compounds symmetrical to those presumably formed 

< 

gelatin 
by ncgativc gelatin with Ca, cxprossible in the symbol SO4 

gelatin 
/gelatin 

corresponding to the symbol C 
“\ 

discussed previously. 
gelatin 

These prcdict,ions are fulfilled not only qualitatively but also 
quantitatively, as Table III shows. 

In order to understand t’he results of this table it should be said 
t.hat t.he preliminary perfusion with 50 cc. M :lOO HCl caused a 
considerable swelling, due to the strong ionization of the gelatin 
chloride formed and the low concentration of the HCl solmion 
lisetl for perfusion. When such a mass containing gelatin chloride 
was then perfused with a neutral salt above a certain critical 
concentration the ionization of the gelatin chloride was dimin- 
ished and hence the gelatin gave off water and the swelling was 
reduced. Instead of causing an additional swelling the higher 
concentrations of the salt, 51,:8 or ~~‘16, etc., cause a shrinkage 
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indicated by the negative sign in the t.able. This shrihkagc 
ceases w&h that. degree of dilution of the salt solution which no 
longer diminishes the original degree of electrolytic dissociation 
of the gelatin chloride, and with the next degree of dilution the 
additional swelling of the gelatin begins, indicated in the table by 
a plus sign. 

We have arranged the salts in the same groups as in Table I. 
The first group includes the salt#s with univalent cation and anion. 
The additional swelling of gelatin chloride begins in the same 
dilut,ion (with the exception of Na acetate which will be discussed 
lat,er) as was the case for the sodium gelatinate in Table I; namely, 
at M/M Second, it can be seen that the additional swelling begins 
in Group III (type CaBre) for our gelatin chloride at exactly twice 
the critical dilut’ion as for Group I; namely, at ~/128. This proves 
that regardless of the nature of t,he catsion the additional swelling 
begins at exactly the same concentrat,ion of t,hc (univalent) 
anion, and t,he value is the same for different univalent anions, 
for t,he simple reason that if a gelatin chloride is treated with a 
nitrate, gelatin chloride is transformed int,o gelat,in nit.rate. 

Finally, the bivalent anions behave t’oward gelatin chloride as 
do the bivalent cations toward sodium gelatinate; namely, they 
begin to permit additional swelling a,t a concentration of ~/512. 
We assumed t,hat this behavior was due to the format.ion of larger 
complexes of gelatin symbolized in the form SO., gelat.int or SO, 
gelatins, which apparently do not ionize. 

The acetates, Na acetate as well as Sr (acetate)z, behave like 
the bivalent anions, for some unexplained reason possibly con- 
nected with hydrolytic dissociation. 

Wherever shrinking effects of sulfates, oxalatcs, etc., upon the 
swelling of colloids actually occur, we are probably dealing 
with cases of protein salts of the type gelatin chloride, which are 
t~ransformed into salts of the type of protein sulfate, this latt’er 
t,ypt being as incapable of swelling as salbs of t,he type calcium 
gelatinate. 

It might be argued that the statements of colloid chemists con- 
cerning the specific effects of anions are correct when applied to 
gelatin chloride. Thus the shrinking influence of the sulfates 
and acetates might be claimed as a confirmation of their views. 
Such a statement, would overlook, first, the fact of the qualitatively 
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and quantitatively identical action of sulfates, oxalates, t,artrates, 
malates; second, of the ident,ical action of Cl, Br, NOo, CXS; and 
third, of the identical act.ion of Li, Na, K, NH4, Mg, Ca, Sr, and 
Ba. The truth is that the influence of neutral salts upon the 
additional swelling of gelat,in chloride is essentially of a stoichio- 
metrical character, though for some unknown reason acetate acts 
abnormally. 

We have assumed that, gelat,in chloride reacts with neutral salts 
only by exchanging its anion. Hardy and Paulis have suggested 
a diffrrent reaction; namely, 

/%HCI + k’cl = /H,HCl 

\c \c 
+ HCI 

0011 OOK 

If such a reaction t,a,kes place it is difficult t,o understand why 
CaCllz does not act in the same way upon gelatin chloride as it 
does upon sodium gelatinate; namely, by reducing its critical dilu- 
tion (where additional swelling begins) to ~/512, which is not the 
case. The fact that MgS04 behaves like NazSOd also suggests 
that, only the anion of the neutral salt react,s with the gclat.in 
chloride and that t.he cat.ion does not participat.e in the reaction. 

H’e, therefore, see that the limiting concentration of a neutral salt 
for the additional swelling of gelatin chloride could be used as a rough 
method for determining the mobcular concentration of the salt. This 
is only another expression for the jact that the influence of neutral 
salts upon the swelling of gelatin is of a purely stoichiometrical 
character. 

III. 

When we treat gelatin with NaOH, sodium gelatinate is formed. 
This swells considerably, presumably on account of its high degree 
of electrolytic dissociation into a negative gelat.in and a positive 
sodium ion. When we put such gelat.in into a neutral salt solu- 
tion that part of the swelling which is due to ionizat,ion of the 
protein (the “additional” swelling) should be suppressed as soon 
as the concentration of the salt solution reaches a certain critical 
value. 

Ke assumed that when wc treat gelatin with a neut,ral salt with 
bivalent cation, NaCl or K,SOd, sodium or potassium gelatinate is 

B Pauli,W., Forlschr. naturwiss. Forschung, 1912, iv, 223. 
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formed with a high ionization constant; while the anion of the 
neut,ral salt, Cl or SO+ dots apparently not combine with the 
gelatin; or if it combines does not participate in the electrolytic 
dissociation. 1Ve have a chance to put’ this view to a test, since, 
if it is correct,, gelat,in treated previously with a neutral salt should 
behave like that treated previously with NaOH. 

2 gm. of powdered gelatinwere perfused twice with 25 cc. M ,‘lOO 
KaOH to form sodium gelatinate. The mass underwent a cer- 
t,ain amount of swelling, the initial swelling, which will not be 
considered in the following figures. The mass was then perfused 
three times with 25 cc. of solution of different neutral salts, from 
AI ‘8 to HzO, t,o find out the limit,ing concentration n-here the 
diflcrent salts permit the beginning of the additional swelling. 
WC notice that for Group I (type NaCl) this limiting conccntra- 
tion where the effect becomes positive is ~,/32; the salt with a 
weaker acid, Sn acetate, and a weaker base, NHdBr, forming 
exceptions in an opposite sense-possibly due to hydrolytic effects. 
The limiting concentration for salts of Group II, type N&40:, is 
one-half of t’ht: preceding, namely M ‘61; for salts of Type III 
(CaCl,j and for Type IV it is ~12.56. 

The relative values for these three groups are the same as for 
sodium gclat.inato produced by the action of NaCl upon gelatin 
namely, NaCl: Sa$O4: CaC& = 1: 2: 8. 

The nbsolutc values for the limit,ing concentration of these 
different, salts for additional swelling are about but not quite 
t.wice as high for the sodium gelatin& produced by NaOH as 
for sodium gelatinate produced by NaCl. 

Theoretical Remarks. 

Our experin1ent.s were carried on wit,h t.wo types of gelatin salts, 
sodium gelat,inate and gclst,in chloride. The former is produced 
by bhe action of NaOH or NaCl, the latter by the action of HCl 
upon gelatin. 

The reaction between t,hc type sodiutn gelat.inat,e and neutral 
salts takes place by the exchange of the cations; the anions of the 
neutral salts apparently not entering into the reaction with the 
gelatin. The reaction between gelatin chloride and neutral salts 
consists in an exchange between the anions, the cations apparently 
not participating in the reaction. 
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CL. 

The gelatin compounds with univalent cation or anion, e.g. Na 
gelatinate and gelatin chloride, arc capable of swelling, while the 
gelatin compom~ds with bivalent anion or cation, c.g. Ca gelatinate 
and gelatin sulfate, arc not. The swelling of the former two types 
is apparently due to ionization and we may infer that the antag- 
onistic effect of the Cn upon sodium gelatinate and of SO, upon 
gelatin chloride is due to the formation of compounds not or less 
capable of ionization. Such an inference, though supported by 
certain facts, must, hon-ever, still bc proved more directly before 
it can be accepted. 

SUMMARY. 

The new method dcscribcd in previous publications for the 
determination of t.hc effect of neutral salts upon the swelling of 
powdered gelatin has been applied to sodium gelatinate prepared 
by the action of ~,‘100 NnOH and t.o gelatin chloride prepared by 

j-r ----__ ~:Lltl.-:wh~ i?~‘M “ld 11-G-L updfl’@m~;‘l. 
1. It was found that the additional swelling of gelatin chloride, 

produced by the action of ~,‘100 HCl upon gelatin, is inhibited in 
the solutions of neutral salts of univalent rnct,als and univalent 
anions (type NaCl) in concentrations’above ~~‘64 and by salts with 
bivnlent metal and univalent anions (type CaC12) in concentrations 
exactly half as high, namely above ~/128, no matter what the 
nature of cation or anion. Salts with bivalent anion (type Sa&YOA 
have a limiting concentration of a much lower order; namely, 
M !’ 5 12 L . 

2. It was found that the additional swelling of sodium gelatinate 
(produced by the action of nr/lOO SaOH upon gelatin) is inhibited 
in the solution of neutral salts of t,hc type NaCl when the concen- 
tration is above between a1132 and x,/61, and of salts of the type 
N%SOd when the concentration is half as high, namely above 
between III ‘61 and AI ‘128, no matter what, the nature of the cation 
or anion. Salts with hivalent cation, type CaC&, inhibit additional 
swelling in concentrations above between 1\1,‘256 and Mp’512. 

3. It was found that the additional swelling of sodium gelati- 
natc formed by the action of high concentrations (M/ 8 or ~r/4) 
of NaCI upon gelatin is inhibited in the solutions of salts with 
univalent metal and univalent anion (type NnCl) in concentra- 
tions above MM/M, and by salts with bivalent anion and univalent 
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cation (type pl’a&SOJ in concent,rations exactly half as high; 
namely, above M/128. The limiting concentration of salts with 
bivalent cation (type CaC&) is ~/512. The neutral salts, there- 
fore, produce the same type of compounds with gelatin as the 
bases; namely, metal gelatinates which diss0ciat.e into a positive 
metal and a negative gelatin ion. 

4. These facts show that the limiting concentration of neutral 
salts for the additional swelling is within the restrictions mentioned 
independent of the nature of the anion and cation of the salt and 
that t.his limiting concentration upon the swelling of gelatin could 
be used to calculate roughly the molecular concentration of the 
salt used. The influence of neutral salts upon the swelling of 
gelatin is therefore of a stoichiomctrical character. 

5. When neukal salts act upon sodium gelatinate apparently 
only the cation of the salt combines with the gelatin; and when 
neutral salts react with gelatin chloride only the anion will com- 
bine with gelatin but not the cation. When neutral salts act 
upon ordinary gelatin, metal gelatinates are formed which may 
or may not contain the anion of t.he salt in non- or little dissociable 
bondage. 

6. Our experiments show that. gelatin salts with univalent anion 
(type gelatin chloride) or with univalent cation (type sodium 
gelatinate) are capable of additional swelling, while salts of gela- 
tin with bivalent anion (type gelatin sulfate) and with bivalent 
cation (t.ype calcium gelatinate) are not capable of additional 
swelling. It has been suggested in the previous paper that this 
swelling of gelatin salts with univalent cation or anion is due to a 
high degree of electrolytic dissociation, while t.he lack of the power 
of swelling of the gelatin salts with bivalent cation or anion is due 
to the low degree of electrolytic dissociation of these compounds. 

7. Phenomena of antagonist,ic salt action can be produced by 
the transformation of protein salts of the type sodium gelatinate 
which are capable of additional swelling into salts of the type 
calcium gelatinate not. capable of additional swelling; or by the 
transformation of protein salts of the type of gelatin chloride 
capable of additional swelling into salts of the type gelatin sulfate 
not. capable of additional swelling. 
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