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COIviBINING EIGHTS OF PROTEINS WiTH ACIDS 

LTRODU CT ION 

Early workers in protein cheuiistry, nane1y, Bugarszky and 

JÄebernan, S3renson, Laqueur and Sackur, hardy, Robertson, and 

Pauli (55) (56) were in fairly good agreement as to the general 

nature of sait formation by proteins (i). Revolutionary ideas were 

introduced in the Anerican literature by Procter and Wilson, and 

Loeb and co-workers (49) (64). These workers (6) proposed that the 

combination of proteins with acids and bases is a stoichiometric 
chemical reaction such as: 

R-N112 t ROl R-hCl 

R-OOh '- NaOli RC CONe H20 

k.any titration curvès have been obtained, particuiarly by 

Loeb and co-workers to prove this theory. Futhermore if there is 
a stoichioinetrio reaction between proteins and acids or bases, the 
salts formed should dissociate as ordinary saiLs. his idea was 

tested by Loeb and Hitchcock (8), and many others (74) (67) (57) 

(63) (56). The stoichionmetric character of t:e reaction between 

proteins and hydrochloric acid has been quite well established 
and an apperently true combining weight obtained. Unfortunately 

in the literature of the last few years the tendei:cy has gro to 
call the combining weight so obtained the equivalent weight, Cohn 
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(26), Prideaux (6e). There is no doubt that definite coiribining 

weights of gelatin and HC1 or alouxnin hCl are obtained but the data is 

not sufficient to call these conbining eights equivalent weights, 

as is being done. There is not conclusive evidence in the literature 

at the present time that the combining eight of proteins is the 

same for all acids or bases, as very little accurate work has been 

done with any acid but HC1. 

Biologists and physiologists, who are not too familiar 

with chemistry, are misled by such statments. It is therefore of 

interest to make a further study of the problem, and point out the 

error, if error exiss. This paper presents work done on two pro- 

teins, gelatin and albumi, and several acids, namely, hCl, hBr, HC104, - 

t12SO4. Combining weights have been obtained electrometrically and 

viscosity determinations have also been made as suggested by Dacon (a). 

III ST OR1C4L. 

The literature on this subject is quite ex+ensive; to give a 

complete suiimìary of it in a paper of this length even though it were 

devoted entirely to the historical aspects of the subject, would 

be impossible. Robertson has published a good summary of the early 

literature (66) and hoffman and Gortner have a good suiunary up to 

1924 (42). 

Early workers used several methods of study, aruiiely, titrations 
with indicators, coagulation of protein salts by alcohol or similar 

media, and double decomposition such as: 



protein hydrochloride 1-calcium phosphotungatate 

protein phosphotungatate 1-calcium chloride. 

The quantity of calcium chloride present vs taken as a ¡neasure of 
the reaction (2). The ¡nain disadvantage to the use of indicators 

is the lack of a sharp endpoirt and the fact that the indicators, 

themselves acids or bases, may react with the proteins. The results 

obtained ere not at all reliable. The coagulation and precipitation 

studies were not particularly good, because the protein is probably 

changed in some way by such treatneit (78). 

Sjoqvist (69) was one of the first to make physical chemical 

studies of proteins. He determined the acid and base binding of ov- 

albumin by the conductivity method. Hardy in 1905 detected salt 

formation with addition of NaGi to albumin by the conductivity 

method (fli). 

The freezing point lowering has also been used by many inves- 

tigators; Bugarszky and Liebermann (14) and more recently by a 

Japanese investigator, Takeda, (72) who found that in an albumin 

aolution .004 normal in HC1 there are as many Cl ions as albumin 

ions. lie also found that sodium albuminate 18 more highly dissociated 

than NaI. The same may be said of the ammonium salt. 

Trie introduction of the more recent methods of investigation 

must be attributed to Hoffmann and Cohnìeim (42) ("s) (40), who 

attempted to measure the hydrogen ion concentrations of protein 

solutions by the catalytic effect on version of cane sugar. As 

late as 1921 Winte and Kruer (80) use the rate of saponification 
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of ethy1 acetate to measure the amount of alkali not bound in a 

gelatirie-sodium hydroxide mixture. These methods hovever are not 

sensitive enough. 

The introduction of electro-chemical methods of determining 

hydrogen ion concentrations by Sorensen simplified the experimental 

procedure greatly. Lanabe and 1atula in l9Li (49) found that the 

amount of acids or base bound by a definite amount of protein increases 

to a maximum and remains at that maximum even though an excess of 

acid or base be added. he hydrogen ion concentrations used by 

these investigators ere, hocever, not high enough to draw such a 

conclusion and in some of their experiments there is a definite 

decrease of bound hydrogen in the more concentrated range. That 

the amount of acid or base bound actually reacbes a constant value 

recently has been questioned by hoffman and Gortner (41), Prid.eaux 

(59), and JErrera (25). 

There are to distinct theories of acid and base binding 
by proteins: first, that it is a chemical reaction and second, that 

binding is due to adsorption. Loeb arid co-workers were among the 

first to postulate a stoichiornetric chemical reaction. That view 

has been defended by Cohn and Prentiss (22), Ferguson (28), Bacon 

( 8), and others. 

Gortner and Fof1ian take an intermediate viev.point and 

point out that both factors must be considered. They explain that 

the first part of the reaction is chemical, the second is adsorption. 

lianeraten (dl) was one of the first to suggest that acids and bases 
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might not be in chemical coinbintion vith protein. Oryng and 

peuh (61) interpret curves of acid and bese binding as adsorp- 

tion curves, because of their shape. 

In his work on the binding of acids by proteins Loeb states 

(47, pages 40 to 64) that titration curves leave no doubt that hydro- 

chloric acid, sulphuric acid, oxalic acid, and phosphoric acid coin- 

bine with proteins in the same stoichiomeric way that they corbine 

with crystahloids. That these simple facts had not been discovered 

earlier is due only to the failure of workers to consider the hydrogen 

i:on concentration of their solutions. Had this been done, Loeb 

concluded, no one v;ould have thought that they .ould combine in any 

other way. However, Peuh and hirschfeld (61) have shown that the 

binding of acetic acid is djXi'erent than that of hydrochloric even 

at the same pn. hoffman and Gortner (42) have shovn that the binding 

of acid and alkali decreases rapidly v;ith the temperature. They do 

not get definite breaks in their combining curves and further they 

have curves in which the amount of acid bound when plotted against 

PH values -rims almost parallel to the "bound acid" axis at low pli 

values. They obtain in sne titrations more acid or base than should 

be obtained if the acid or base were not combined and one hundred 

per cent dissociated. 'T'hey state furtner that the flattening ofi 

is due only to the method of plotting. 

There have been other forms of curves, Lloyd and ayes (46) 

obtained curves with three breaks. Miss Lloyd interpreted the breaks 

as being due to ionization of definite groups. hitchcock (36) crit- 

icised Miss Lloyd's work on the basis of the method of calculating 

results and the use of too dilute solutions. 



Beiden (lo) explains the corbintion of proteins and dry 

h3 by c1sorption solely, the corbintion of I-iCi and ge1tin chexnicl1y. 

lie also gives a very good suiiary of the li+erature. Erich heyrnann 

(4) studied the heat ot reaction of egg albumin vith 1101, KC1, CaC12, 

and AgiiO3. In all cases it. v;as siriall, 20U to OO calories, nuch too 

small for chercic&]. reaction, but about right for an adsorption process. 
liedraws the conclusion that there is no sharp distinction betv;een 

the two methods of combination. 

J. A1mquist and David . Greenberg (i) studied albuxrin- 

electrolyte systems by the rotatory poer of li»ht and decided that 
the binding was chemical. 

Hitchcock has nade some of the best determnthations of acid 

binding by gelatin. He obtained the value 1090 in 1922 (36). That 

value was changed to 1070 (6) after accurate determination in 1929. 

he pointed out in that paper that if cells without liquid junction 
potential iere used slightly different results vould be obtained. 
A paper appeared by him in l92 (8) containing the results of 

measurements of a cell without liquid junction. he cell used is: 
Ag, AgG1, hCl + protein, h2t 

By using this cell the value 142 vas obtained in this last paper 

in which he used Failey's principle (26) of a linear variation of 

the log of the mean activity coefficient of the acid with increasing 
protein concentration. Eis method is most satisfactory and is used 

by the author. 

Bancroft has made studies of the absorption of volatile acids 
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and bases by gelatin (4) (5) rd other proteins in n attempt to see 

whether or not definite cheir.ic1 cornpouds re formed. lie plotted the 

amount of volatile bese (Mía) or acid (±iCi) fixei. at equilibrium at 

constant pressure, smooth curves indicate absorption oniy, broken 

curves indice the formation ol defiiite cherr.ical compounds. Gel- 

atm as not found to iorm a definite compound ith Mis. LC1 on the 

contrary was found to forni definite corpounds, Beiden 1as verified 

the work of Bancroft. Laer phase rule studies by bancroft using 

non aqueous solvents has verified his earlier work, ho':ever, NaCh 

.as the base used (7) (8). The gelatin was dissolved in a siall 
amount of water, the acid or base in a non aqueous solvent. The 

gelatin solution v;as poured into the non aqueous solvent, and the 

excess titrated. If smooth curves of a bound acid or base resul+ed 

the interpretation was adsorption. Breaks in t}e curve were inter- 
preted as compound formations. The articles referred to above are 

good evidence that adsorption plays a part in reactions beteen 
proteins and acids or bases. Beid.en (io) gives a good summary of 

the literature, his discussion of theory is also good. 

It might be vieil at this point to sumrarize briefly the 

work on the calculation of combining weights of proteins. In table 
I belov, values obtained for the combining veight of gelatin with 

hOi are given. 0f these values, those obtained by Hitchcock and 

Ferguson and Bacon have been accepted as probably the most reliable. 
The following table IA, contains values obtained for the 



8 

combining weight of albuitin and the methods used. in obtaining those 

values, as vel1 as the authority quoted. The similarity of the values 

by booth and Sorenson is of particular interest. booth used 

formaldehyde in the titration as recommended by Sorenson (1909) (74). 

Combining 
Weights 

1472 

332 

1063 

1665 

835 

1070 

1010 

1040 

1090 

1090 

1090 

839 

1428 

11,767 

885 

1250 

1380 

Table I 

Combining Weih of Gelatin and Ecl 

Investigator Reference Method Used 

Pr id e aux 

Beiden 

Lloyd and Mayes 

Manabe and katuis 

Blasel and katula 

hitchcock 

Friedman 

hitchcock 

Ferguson 

Hitchcock 

Bac on 

Vinten and Kruger 

Bracewell 

Bracevell 

Vogel 

Li oyd 

Loeb 

66 Hydrogen electrode titration 

10 Adsorption of ECl by dry 
ge1at.n 

46 "ttrtion with Hydrogen 
eLect rocie 

51 E1ectromeric titration 

li 

.6 Electroinetric titration 

29 Viscosoity 

6 Measured cells cìthout 
liquid junction 

27 Electrometric titration 

37 Electrometric titration 

5 Viscosity 

80 Calalytic Action 

1' Titration 

13 Calculated 

79 Electrometric titraion 

46 Estimated 

47 Titration 



Combining Investigator Reference Method Used 
Weight s 

11060 Chapman, Greenberg, 17 Conductivity 
and Smith 

1180 Atkin and Douglas 2 Electrometric titration 

1135 Greenberg and Schmidt 30 Electrometric titration 

Table IA 

Combining Weight of Albumin and 1101 

1282 Sörenson 74 Sulphuric acid titration with 
hydrogen electrode 

1230 Booth 12 Sulphuric acid titration with 
hydrogen electrode 

1110 Osborne 57 Titration with 11Cl and 
phenolphthalein 

Methods of Oelculating Combining Weights 

The first method of determing bound hydrogen was to take the pli 

of protein solutions and the ph of solutions of the same acid or base 

in water, drawing smooth curves for both. From the first curve the 

amount of acid or base necessary to change water to the same pli was 

subtracted, the result being bound hydrogen or bound hydroxyl. Manabe 

and Latula (51) and Tague (76), as well as others, used this method 

with good results. 

Blasel and Matu].a (11) used the formula: 

cil 
n= N-_ 
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in which: 

n is the amount of hydrogen or hydroxyl bound, 

N is original normality of protein sol, 

ii is the measured hydrogen hydroxyl ion concentration of 

the protein solution at e uilibriwn, 

is the degree of dissociation calculated from conductivity 

data. It has been shown, ho;;ever, that the degree of dissociation 

calculated by conductivity methods does not agree with the activity 

coefficient determined by electrometric means. Lloyd and kayes (50) 

considered that a closer approximation for the value of hydrogen ion 

or 0H ion concen.ration is obtained by taking the square root of the 

product of the positive and neg&ive ion concentrations as the basis 

of calculation. The above equation then becomes: 

,J 
cation concn. X anion conan. 

fl N - 

Hitchcock and Cohn (21) (6) have refined the method and use 

the equation: 

H 
b m -- 

-Y 

In the above equation: 

b is the bound hydrogen or hydroxyl ion 

m is the calculated molality of acid 

H is the activity of hydrogen or hydroxyl ion 

y the activity coefficient of the acid or base. 

Hitchcock considers t:e method of Lloyd and ILayes to be in- 

ferior to his own. he attributes the peculiar curves of these authors 
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to the method of their calculation (6). The earlier methods assumed 

that ti-e protein salt present had no effec-. on the activity of the 

acid used. Liss Lloyd assumed complete ionization of the protein 

sait, but that has been shovn to be wrong many times (70) (15) (17). 

lt will be noted also that Hitchcock's equation is more desirable 

because it expresses concextration in terms of molality. 

Combining Weights 01 Gelatin 

Experimental 1-rocedure 

In all of t'ne determinations ith gelatin, Eastman Kodak 

electrodialized gelatin vas used. This material had an ash content 

of .02573, on a dry basis and a l solution had a pli 4.8. 

Determinations of the ph's of the solutions v;ere all made in 

an air thermostat at 35°C t .2 using a quinhydrone electrode. The 

calomel half cell used was checked throughout the v;ork against 

a potassium hydrogen phthalate buffer whose ph was 3.925 at ¿5° (18). 

The eid. obtained in this vay for the calomel ball' cell v;as 0.2389v 

which compares favorably with the values 0.28dv given by iìchealis 

ad Fales (52) rd 0.290v by Clark (le). In obtaining the combination 

curves of gelatin with acids tv;o different methods were used. In the 

first a known ajiount of gelatin solution vas placed in the electrode 

vessel, quinhydrone added and acid introduced from a burette. The 

initial emf. was determined and the emf. measured after each addition 

of acid. This method necessitates the use of normality for acid con- 

centration which is somewhat objectionable. Furthermore some error 

is introduced by the method si:ce the p of a protein solution changes 
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on dilution. The above described method will be referred to as the 

titration method. 

In order to overcome some of the objections mentioned above, 

experiments were performed by 'eighing into tared bottles equal samples 

of the gelatin solution, adding the required amount of acid from a 

burette and diluting to 50 grams total eight. By this method it 

was possible to express the concentrations in terms of molality and 

also to keep the protein content constant. 

Experimetal Results 

A. Gelatin and Hydrochloric Acid 

Bacon has reported that the combining eights of protein can 

be determined by viscoscity studies (e). In unpublished work done by 

Friedman, organ, and Klenm (29) the combining weight of gelatin was 

determined by that. method usingthe acids acetic, phosphoric, sulphuric, 

and hydrochloric. The values obtained for the combining weight with 

hydrochloric acid average about 1010. This may be compared with the 

values 1090 obtained by Ferguson and Bacon (24), 1070 by liitchcock (u), 

963 by Greenberg and Sohiìidt usixg an acid dye, (14), 500 by 

Lloyd and Mayes, 678 by Manabe and ILatula (48), and 85 by Blasel and 
Matula (10). 

Table II gives the results obtained for the combination of 

gelatin with HOi using the titration method. The combining weight of 

gelatin for liCl calculated from this data is 1068. I1 is to be noted 

that the maxixxnm binding of hydrochloric acid was between pli 2.47 and 

1.80, beyond which pli the experimental results were bad. The value 
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Table IT 

Coribini. ieiht of 1c1in 'vith HC1 

i- i 
. . 

.ti:riï 

61.3 1626 4.86 l.4x1o5 1.000 0.000014 0.86 

0.00521 0.3 1732 4.72 l.9xl0 0.936 0.40O O.Q0519 0.84 

0.00)25 5817 1836 4.54 2.9x105 0.921 3.000031 0.009C2 1.63 

0.01333 57.5 1931 4.8 4.2x10 0.J09 0.000046 0.01333 2.32 

0.01948 58.7 2042 .19 6.5x105 0.889 0.000072 3.01941 3.48 

0.0321 54.8 2142 4.O .3x105 0.885 3.000105 0.02213 4.07 

0.0278 52.8 2273 3.82 1.5x10'4 0.873 3.00O16 0.0276 5.23 

0.0321 50.9 2436 3.56 2.8x1o4 0.375 0.000320 0.0318 6.24 

0.0363 49.6 2658 3.20 4.6x1043 0.fl 0.0007?4 0.0357 7.19 

0.0403 48.2 2897 2.81 1.55x1:) 0.869 0.001733 0.0385 7.9e 

0.0437 46.9 3095 2.47 3.4xl0 0.867 0.00392 0.03) .48 

0.0478 45.6 3241 2.74 5.8x10 0.864 0.00672 0,0411 9.02 

0.0516 '1.4.2 3352 2.05 8.x10 0.862 0.01031 0.0413 9.35 

0.0553 42.7 30.07 1.95 l.1x10 0.G(0 0.0128 0.0425 Y.5 

a.0567 41.5 3504 1.6) 1.6x102 0. 5 0.018 0.0361 9.20 

iì is the calculo.terì molality. 

G is bhe nu:.:3r of raii1s of gelatin por liter. 

is the observed e:!. 

PH is calculated froirL the foregoing values of E. 

of hy1roen 
ctivity is the concentr tian ion in the e1it in solution. 

Y is the acti.'ity o3Tficiett of th3 hy1roen ion tiken 

from 3catchard's data. 

MH is calcointed from activity divided by rand the actual 

hydrogen ion concíitration in the gelatin solution. 

131I is : - :.i. 

is the :iols of bound hyrog.n diviled by the concentration 

of the gelatin s.1tion, g,nultiplied by 10300. 



The value of 1068 is obtained by averaging four points in the above 

pa range. Hitchcock shoed that there is no change in the amount of 

bound hydrogen between pHis 2. and .991. Accordingly, the author does 

not hesitate in using the relativly high pff as the true measure of the 

conthining capacity of gelatin for HC1. 

B. Gelatin and Sulphuric Acid 

The combining weight obtained for gelatin with sulphuric acid 
by viscosity is 908. This value is the average of to values 890 aid 

925, obtained by Friedman, i.organ, and Klemtic. "he value found electromne- 

trically in this investigation was 904. The procedure used in obtaining 
this value was a modified titrtion, the results of which are shon 
in table IV. 

values found literature for the activity 
coefficient of sulphuric acid in the literature were those by Randall 

and Scott (6). The freezing point method was used in obtaining these 
values. In a later paper Randall attempted to show the similarity of 

this data to dataobtainedfrom einf's. The author found it 
necessary to calculate his on activity coefficients. This was done 

by adding to 100 cc portions of water varying avounts of acid, and 

deterniining the pif from hich activities ere calculated. Dividing 
the activity by the molality the activity coefficient was obtained. 
The values are somewhat higher than those of Randall and Scott. mable 

III contains the two sets of data. 
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Table III 

activity Coefficients of 

Randall and. Scott (t : 25°C) Ingrain (T ¿5°C) 

Cone. Y Cone. Y 

0.0005 0.912 

0.0001 0.876 

0.002 0.825 

0.005 0.734 0.00566 1.02 

0.01 0.648 0.00869 0.96 
0.02 0.553 0.01090 0.825 

0.05 0.424 0.01990 0.730 

0.1 0.341 0.095 0.561 

0.2 0.272 0.1831 0.454 

0.5662 0.369 

The activity coefficients are not presuied to be accurate, but are 

probably better in iiy system of deternining pis t ¿5°C than are 

those of Randall and 3cott. 

There are Live points at the niaxixu of the coenbination curve 

obtained. The combining eiht wts calculated by averaging these five 
points, v;hich are in thé pH range 2.2 to 1.5. It should be noted that 
at ph values ber than these, the amount of bound hydrogen falls off 
rapidly. 

C. Gelatin and Perc.1oric &cid 

Viscosity data by Friedman, Morgan and Klen gives a combining 
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Tb1e Iv 

The Cnbining Weight of Gelatin with 112304 
bil 

- - _) iaL gx1(Y 

0.00440 4i.O 0.1745 4,55 O.28lx1O 1.106 O,25xlOO,OO4j7 1.02 
0.00778 40.2 0.1923 4.26 0.548x10 0.961 0.000u570 0.0077 1,92 
0.01311 42.9 0.2002 4.]. 0.740x10... 0.801 O.000u9 0.U102 ..O4 
0.01685 42.4 0.2089 3.99 0.102x10 0.764 0.0003.34 0.01622 .94 
0.02175 42.9 0.2174 .85 0.l41x10 0.726 0.000194 0.02156 5.02 
0.01903 42.5 0.218 .92 0.12x10 0.79 0.000166 0.01886 4.4 
0.0275 4.1 0.2218 .78 0.l66x10 0.721 0.O00230 0.252 5.45 
0.02565 42.8 0.248 6.7 0.186x10 0.716 0.000260 0.o259 5.96 
0.02775 41.6 0.2645 .57 0.268x10 0.711 0.000ó77 ;.027o7 6.57 
0.0296 46.7 0.291 .49 .2x10 '? 0.707 0.000457 .0291 6.81 
0.0685 4.0 0.2667 3.05 0.890x10 0.686 0.0016 O.O72 8.65 
0.0473 42.6 0.2991 2.52 0.S05x10 0.665 0.0046 0.0427 1o.o2 
0.0555. 41.6 0.6190 2.19 0.645x10 0.646 o.oioo 0.0456 10.95 OQO98 37.7 0.i642 1.9 0.01146 0.666 0.0180 0.0418 11.08 
0.0726 43.0 0.3394 1.8[. 0.0139 0.606 0.0229 0.0497 11.55 
0.0906 42.6 0.6544 1.61 o.0245 0.564 0.0454 0.0469 11.00 
0.968 37.1 0.3614 1.5e u.0617 0.555 0.0570 0.0698 10.72 
0.1172 38.0 0.3688 1.b 0.0420 0.565 0.0785 0.0687 10.19 
0.1470 40.7 0.767 1.4 0.0565 0.496 0.1140 0.00 8.12 

TaLle V 

The Coibining Weight of Ge1tin with 110104 

0.01294 21.1 0.2239 3.75 0.178x10 0.911 0.195x10 0.01275 6.05 
0.0260 21.6 0.2935 2.16 0.45x10' Q.884:cL277 0.02023 9.37 
0.0464 21.2 0.3473 1.73 0.0186 0.865 0.0215 0.0249 11.74 
0.0595 21.2 0.3636 1.47 0.03385 0.858 0.0694 0.0201 9.46 
0.0681 21.0 0.3692 1.37 0.0426 0.854 0.0499 0.0182 8.68 
Q.0800 21.1 0.3720 1.32 0.0476 0.849 0.056. 0.0237 11.22 
0.0965 21.7 0.783 1.22 0.060 0.842 0.0715 0.0250 11.54 
0.1050 21.1 0.3860 1.14 O.072 0.841 0.0860 0.0190 9.01 
0.1162 21.1 0.6852 1.11 0.0775 0.840 0.0921 0.241 11.40 
0.1285 21.5 0.3916 1.00 0.1000 0.869 0.1192 0.0093 4.28 
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weight for gelatin with perchioric acid of 995. A itodified titration, 
data for which is in table V, was uade vith liGiO4. The average of 

seven points in the pli range 1.73 to 1.11 is iO.4 x 104g. of bound 

hydrogen per grain of gelatin which in turn gives a coibining weight of 

960. The points are soxnewht scattered, probably because of poor 

temperature control. The values of activity coefficient used are taken 

from Scatchard's (68) data for ECl at 25°C but the error introduced 

by their use is probably not very great. The use of the activity data 
for ECl and liCL4 interchangeably has been s'novn to be dependable. 

Melson and Libhefsky (58) state that trie activity coefficient of 

hydrogen in ECl and nClO4 for concentrations up to 1.1 rnolal are 

suantionally the same. They state, however, that the activity of' 

the C104 ion is not the same as that of the Cl ion. Lenhardt and 

Schuhmnan also values 

D. Gelatin and Hydrobroinic Acid 

A modified titration of gelatin with hBr was made. There are 
no corresponding viscosity data to check the results against. The 

curves obtained are not ver good, the bound hydrogen does not come to 
a definite maximum, but is soniewhat unsteady even in concentrated 
solutions of gelatin. The values taken as being a maximum are in the 

-4 pli range 1.54 to .92 and average 10.57 x 10 g. This corresponds 

to a combining weight of 945. The activity coefficients used ere 

calculated by the author. Much of the uncertainty of this particular 
experiment and t'ne unexpectedly high values recorded for the activity 
coefficients of iiBr may possibly be attributed to the fact that Hr 
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is a reducing agent and should not be used with quinhydrone. Thi8 

as not realized until the ork was completed and possibly the value 

obtained for the combining veight of' gelatin ith EBr is unreliable. 

The data are in table VI. 

Table VI 

Coenbining Weight of Gelatin and ffßr 

m g E pH A M bI-I gxlO4 

0.001846 42.9 4.2060 4.04 0.0000912 0.17 00.00078 0.001768 O.41t.. 
0.0382 43.0 O.28l 4.78 0.00166 1.17 0.00142 O.O66O 0.55 
0.6655 42.5 0.3587 1.54 0.0288 1.14 0.0252 0.0402 8.48 
0.0758 42.9 0.S667 1.41 0.0689 1.12 0.0&47 0.0411 9.58 
0.0760 41.5 0.36688 1.66 0.398 1.12 0.0655 0.0405 9.75 
0.0871 43.3 0.775 l.2 0.7856 1.09 0.O59 0.0û2 7.65 
0.0954 43.3 0.6847 1.12 0.0759 1.07 0.0709 0.0245 5.75 
0.1061 42.7 0..7l7 l.. 0.0468 l,o45 0.0449 0.0612 l4.2 
0.1161 42.8 0.808 1.18 0.0661 1.025 0.0605 0.0516 112.06 
0.1525 42.8 0..886 l.o5 0.0891 0.975 0.0914 0.0591 13.8 
0.l72 47.8 0.3967 0.92 0.120 0.940 0.1276 0.0446 10.41 
0.1817 4.2 0.400e 0.80 0.Lô8 0.925 0.1492 0.0.25 7.52 
0.217 42.3 0.4061 0.78 0.o6 0.g75 0.1897 0.0276 6.52 
0.2622 42.4 0.4084 0.76 0.186 0.855 0.2175 0.0157 3.71 
0.0660 40.3 0.4144 0.6 0.2.5 0.c0t u.29.0 0.0410 10.15 

Table VII 

Cnbining Weight of Albumin and liC1 

0.00209 7.86 0.4633 
0.00396 7.80 0.4276 
0.00624 7.84 0.4089 
0.00826 8.22 0.3971. 
0.0106 7.84 0.39ó0 
0.0124 7.70 0.3775 
0.0146 7.80 0.3699 
0.0166 7.94 0.6658 

0.0186 8.22 0.3621 

3.68 
3.07 

3.75 
2.55 

50 

3.22 

2.09 
2.02 

2.96 

0.000209 0.000219 
0.000851 0.000902 
0.00178 0.00191 
0.00282 0.00604 
0.00316 0.00644 
0.00617 00.00672 
0.00816 0.0089 
0.009155 0.01061 
0.01110 0.0123 

0.956 
o 9 4 

0.933 
0.927 
0.919 
0.913 
0.899 
0.892 

0.905 

0.00187 
o .00306 
o .00433 
o .00522 

0.00716 
0.20568 
0.00561 
0.00599 
o .00630 

0.000238 
0.000392 
o .000551 
o .000663 

0.000913 
0.000737 
0.000719 
o .0004 
o .000777 
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Combining eihts of lbumin 

Experimental Procedure. 

There are two fundamentally different methods of preparing 

ovalbumin. One was originated by hopkîns and Pinkus (43), later modified 

by orenson and co-workers (71) and in turn by Laos. (49). Peuh 

has used a somewhat different procedure lar preparing ovalmin. 

After the preliminary separation of the ovalbumin from egg white by 
a 

LRosa's method, the sol was dialyzed aairst flowing distilled water 

and then elecfrodialyzed. An applied emf. 01 500 volts was used but 

the current was kept down to 250 rnilliamper.s by appropriate resistances. 

Electrodialysis was contiued until the current was a minimum with 

no external resistance in the circuit. 

The minimum current was 9L- t. ialysis was carried on at 8°C 

in a refrigerator, in a Pauli dialyzer made from glss reagent bottles. 

The purfied protein gave no test for I± with a modified 1essler's 

reagent, likewise no test for t:e sulfate ion could be obtained. The 

ash content was quite low The protein was preserved by saturation 

with tohuene, and it was always kept in a refrigerator. Before use, 

the toluene was removed by bubbling hydrogen through the solution. 

Svedberg frowned on the use 01 hydrogen and used nitrogen. Sorenson 

(72), however thinks hydrogen to be quite satisfactory. The author 

could find no differences in the two methods. nf. determinations in 

the following work were made by means of Bollen's hydrogen electrode. 
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Experineita1 Results 

odified titrations were used throughout the work with albuthn. 

The results with albuiiin are siinilr to those obtained with gelatin. 

Although gelatin binds iore acid in ti.e high pli regions tban does 

a1buin, the uiaxinum point is at a higher ph with albumin than with 

gelatin. The curves are smoother with albumin, probably because of the 

use of te hydrogen electrode in place of quinhydrone. With lid, 

Table VII is a group of points forming a ivaximu which is quite 

definite. The maximum is in the ph range 2.50 to 1.96, giving a corn- 

bining weight of l50. 

Conclusions 

The data obtained in this investigation warrant the statement 

that no definite equivalent weight for gelatin or albumin can be de- 

terxnined electrornetrically. The values obtained for the combining 

weights of gelatin ranged from 1068 with 1101 down to 904 with H2304 

with values of 960 and 945 for hClO4 and HBr. These differences, in 

all cases but r, are undoubtedly beyond the range of experimental 

error and are in good agreement with values obtained from viscosity 

studies (26). 

Gelatin acts as a very weak base and any attempt to titrate it 

with an acid will be complicated by the hydrolysis of the salt formed. 

Accordingly, with stronger acids one would obtain a value inearer the 

true equivalent weight, but one can never be certain of' the value 

until hydrolysis has been accounted for. 
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The fact that the amount ol bound hydrogen per gram of gelatin 

does reach a maximum value and remains there over a considerable pH 

range is nicely explained by the chemical theory of gelatin acid 

combination. The hydrolysis exp1a.ation offered above fits with the 

chemical idea. The results can also be explained, however, as an 

adsorption phenomenon; the maximum is then due to a saturation con- 

dition and the differences with different acids to the effect of the 

negative ion. The first explanation, however, seems by far the more 

reasonable because of the fact that so amar.y different investigators 

with different samples of gelatin have been able to obtain similar 

values for the combining weight of geltin with lid. 

The above line of reasoning applies in a similar manner to the 

equivalent weigx7it of albumin. 

Summary 

The combining weights of gehtin with lidi, H2So4, HC1O4, and 

HBr have been determined electronietricaily yielding values ranging 

from 1068 to 904. 

It has been demonstrated that the combining weight of gelatin 

depends upon the acid used. 

The combining veights of albumin with HC1 and li2504 have been 

i. 
Results have been explained on the basis that hydrolysis of the 

protien salt formed causes the apparent difference in the combining 

weight of a protein when determined with different acids. 
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