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Group Separation of Amino Acids by Adsorption Analysis 
By A. TISELIUS, B. D R A K E ,  and L. H A G D A I - I L ,  Uppsala 

After the pioneer work of E. FISCHER x and H. D. 
DAKIN 2 on methods of protein analysis, little advance 
was made during the years 1920-1940, when electro- 
dialysis s was really the only method to be developed. 
During the current decade, however, several methods 
embodying" new principles have been described. The 
most important of these are the microbiological assay ~, 
the application of the principles of isotope dilution ~ and 
of solubility productS, and adsorption anatysisL Of 
these, the first two require special biological or technic- 
al equipment, and as adsorption has been intensively 
studied in this Institute, we decided to explore the 
latter method s . 

The first article dealing especially with the condi- 
tions for the adsorption of amino acids ~ was published 
at the time that DAKIS'S method of analysis became 
known, but several years elapsed before the results 
were applied to protein analysis. Around 1940, 
however, several series of articles began to appear, 
some in Germany and some in England and America. 
The German investigators I° have merely developed the 
classical method of TSWETr, but the others xx have also 
evolved and applied quite new methods in which ad- 
sorption has been replaced by partition between two 
liquids phases. Another important recent advance is 
the replacement of some of the usual adsorbents by 
ion exchange resinsl% As no attempts will be made in 
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this paper to enumerate all the papers published in the 
field, the reader is referred to some recent reviews 
and monographs 1. 

The procedure we first adopted was that described by 
SCHRAMM and PRIMOSlGR~, but we soon found that their 
method could be improved in several particulars; first 
by the use of better adsorbents, and secondly by avoid- 
ing many of the evaporations, Which are both time- 
consuming and liable to introduce errors. The evap- 
orations are now reduced by running some of the 
adsorptions in series, i. e. as in the separation of leaf 
pigments 3, but in a quantitative manner. 

The method is based on the following considerations 4: 

(1) Only the aromatic amino acids are adsorbed on 
active charcoal 5. 

(2) From the filtrate, the basic amino acids are 
selectively adsorbed on Wofatit C 6. 

(3) The remaining amino acids are all adsorbed on 
Wofatit KS 7. 

(4) Of the amino acids in group 3, only the acid 
ones are retained by Amberlite IR-4S. 

By "aromatic" amino acids are meant those con- 
taining a benzene ring, i .e.  phenylalanine, tyrosine 
and tryptophane; by "basic", those with an isoelec- 
tric point above' 7, i. e. arginine, lysine and histidine ; 
by" acid", those with an isoelectric point under 5, i.e. 
aspartic and glutamic acids; and by "neutral", those 
with the isoelectric point at about 6, i. e. those with 
one carboxyl and one amino group, excepting the aro- 
matic ones, but including proline and hydroxyproline. 

Method 

In the following description of our analytical proced- 
ure, we refer to fig. 1 with accompanying explana- 
tions. For convenience it is assumed that a total of 
about 50 mg of amino acids is to be analyzed. 
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Adv. in Protein Chem. a (1946), in press. 
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bu t  the matter  is still being studied. 
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First three filters containing charcoal, Wofatit  C 
and Wofatit  KS respectively are connected in such 
a manner that the eluate from the first filter must flow 
through the second, and the eluate from the second 
through the third. The amino acid soluti.on in about 
10 ml 5% acetic acid is forced through the filters, be- 
ginning with the top filter. To make sure that  all acids 
other than the aromatic ones have been washed from 
the charcoal, an addffional 50 ml 5% acetic acid are 
forced through 1 (fig. 1; op. 1 a). 

op.~ op.~b 
P 

I °- 
t.._~ t 

op.2 

r --"[~}--*Ev~.---*- 

-"~[~]-~ E~p.~ 

op.~ 

Fig. 1. Diagram ot the analysis procedure. 

The different filters are indicated by squares, imagined in five phases 
of the analysis. 

¢t = Carbo activatus, ~ = Wofat i t  C, ~, ~ Wofati t  KS, ¢~ = Amberlitc 
IR-4. Op. ~ operation No. Evap. = evaporation. 

The different groups of amino acids have been denoted by:  Ar = 
aromatic, B = basic, Ae -~ aeid~ N ~ neutral. - The small letters 
denote the eluents: p = 5% acetic acid~ q -  20% acetic acid, 
r = 5% phenol in ~0% acetic acid, s = N HC1, ~ = distilled water.  

At this stage the top filter, which contains only 
aromatic amino acids, is removed and through the 
remaining two filters is passed a quantity of 20% 
acetic acid. The purpose of this is to wash the Wofatit C 
free from neutral and acid amino acids, among which 
the leucines are most strongly retarded (fig. 1;op. lb) .  
The expression " re ta rded"  is used here to distinguish 
the behaviour of these amino acids from that  of the 
basic ones, which must be retained. I t  can be men- 
tioned here, that  the solution to be analyzed may have 
a content of HC1 not exceeding N/100. With higher 
concentrations the histidine is liable to pass  the 
Wofatit C filter. 

1 T. WIEL•ND, Die Chemie 56, 213 (1943). - A. J. P. MARTIN, 
R. L. M. SY~GE, Adv. in Protein Chem. 2, 1 (1945), - S. CLAESSON 
(Diss.); Ark. Kern. Min. Geol. ~aA, No. I, I (1946). - A. TtsEt.tus, 
Adv. in Protein Chem. a (1946 L in press. 

The quanti ty of solution used must be determined 
by the adsorption capacity of the actual sample of 
Wofatit C. Thus in the case of a particular preparation 
which has been used and regenerated many times, 
we have found that  1 liter 20% acetic acid will elute 
leucine quantitatively without eiuting any histidine. 
But in the case of the same sample that  had been used 
only a few times, is was possible to elute the leucine 
by the use of much smaller quantities of acetic acid. 
Evidently, the adsorption capacity of Wofatit C in- 
creases with use, but as this applies equally to all 
amino acids, it raises no difficulties, because it is only 
necessary to increase the volume of fluid. 

When the filters have been washed as described 
above, they are very slowly eluted with the following 
solutions: for the charcoal 300 ml 5% phenol in 20% 
acetic acid, and for the Wofatit  filters 500 ml and 
750 ml respectively N HC1. The two latter eluates are 
evaporated on a water bath,  so that  the amino acids 
are left as solids, only contaminated with small 
amounts of impurities, which do not disturb the sub- 
sequent analysis. Unfortunately this simple evapora- 
tion is not satisfactory for the first eluate, but a suit- 
able alternative procedure is described in the experi- 
mental part. In this way the aromatic and basic amino 
acids are obtained as separate evaporation residues, 
while the acid and neutral ones are obtained together 
(fig. 1; op. 2). 

The latter residue is dissolved in about 10 ml water 
and the solution is poured through Amberlite IR-4 
in filter & After washing with a further 100 ml water 
the neutral amino acids will have passed the filter, 
while the acid ones will be retained and can then be 
eluted by 250 ml N HC1. The two eluates are evaporat- 
ed separately on a water bath and the two groups of 
amino acids are obtained in pure form in the respective 
residues (fig. 1; op. 3 and 4). 

!n order to make the method more convenient we 
have also tried metal filters, goldplated internally, of 
the type described by TISELIUS and CLAESSON 1. As 
ouc filters were intended for running in series, they 
were slightly modified and some coupling devices were 
designed 2 (fig. 2). With a suitable set of interchangeable 
filters and connections the whole analysis may be per- 
formed very conveniently, and it is also possible to 
perfuse each filter either in the direction used ori- 
ginally, or in the reverse direction if this latter alter- 
native is thought to be the better. 

x A. T1sEmus, S. CL^~'SSO~, Ark. Kern. Min. Geol. 15B, No. ItS, 
I (194~). - See also note I, page 23, 2nd column. 

a I t  is impossible to pack an adsorption column homogeneously, 
therefore the front of the solution will always be mote or less 
irregular. By the use of coupling pieces with a quite narrow channel, 
a good turbulent mixing of the liquid flowing between two fi lters is 
afforded, and the front entering the second filter is made horizontal. 
In  the near future the role of such coupling pieces will  be t reated 
in detail  by one of us. (See also Ark. Kern. Min. Geol. 24A, No. 16). 
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For satisfactory results, with 50 mg of mixed amino 
acids, the filters should have the following approXim- 
ate sizes : 

Filter ~ CA, III,  HAc 
Filter fl W, C, HAc 
Filter 7 W, KS, HAc 
Filter 6 IR-4, HC1, aq 

1000 r~ mm ~ 
2000 ~ mm 3 
8000 ~ mm 3 
4000 ~ mm 3 

These will cover all types of amino acid mixtures, 
obtainable from proteins, even those having unusually 
high or low concentration of certain groups. The only 
exception is the case of the protamines, which contain 
about 90% arginine. If only an aliquot of the eluate 
from W, KS, HAc is used for the separation of acid 
and neutral amino acids, a smaller filter with IR--4 
should be used, e.g. for two fifths of the total a filter 
of 2000 zc mm s should be used. 

The capacities of the filters used normally (i.e. with 
about 50 mg of material) are, as mentioned above, 
1000, 2000, 8000 and 4000 z~ mm 3 respectively. From 

Fig. ~. Sectional drawing, showing some metal  filters coupled together 
by the aid of connection pieces and provided with containers for the 
eluent. The operations here illustrated are from left to r ight  No. 10c, 
2fl and 2 7 (in the last  ease the filter is placed in the reversed position). 

a set of  metal filters whose capacities form a 2-power 
series, it is thus possible to select the four which are 
most suitable for analysis of any given amount of 
sample. In this way a considerable range can be cover- 
ed with a minimum number of metal filters. 

Experimental part 

The amino acids we have used have all been of the 
highest purity obtainable, usually pro anatysi or C. P. 

x Explications in the experimental  part,  

Those whose adsorption 
studied are: 

Aromatic: 

Basic: 

Acid: 

Neutral: 

properties have been most 

Phenylalanine, and to a lesser extent tyro- 
sine and tryptophane. 
Arginine, histidine hydrochloride, and to a 
lesser extent lysine dihydrochloride. 
Aspartic acid and glutamic acid (the latter 
sometimes as hydrochloride). 
Glycine and leucine, and to a lesser extent 
cystein hydrochloride, proline and hydroxy- 
proline. 

These amino acids have been intentionally chosen 
as being the most unsuitable for series analysis, be- 
cause it is only in this way that a reliable method can 
be elaborated. Thus we have chosen phenylalanine 
because it is, of the aromatic amino acids, the most 
easily eluted from charcoal, and so on. 

The adsorbents that have been used are: 
(1) Carbo Activatus (Merck,~armstadt), which had 

been washed once a day for two months with distilled 
water and afterwards dried. Small parts of this large 
batch (number III  of CLAESSOrr 1 was used for this 
work) are boiled in 20% acetic acid, then washed in 
distilled wator many times and finally stored in 5% 
acetic acid. Every filter is, after filling and before the 
adsorption, washed through with about 100 ml 5% 
acetic acid s. This adsorbent is called CA, III, HAc. 
Because of the finely divided state of the charcoal, air 
pressure must be applied in order to force liquids 
through the filter, but in the case of other adsorbents, 
pressure need only exceptionally be applied. 

2 and 3. Wolatit C and Wo[atit KS (IG. Farbenindu- 
strie) are two ton exchange resins, which together with 
some Amberlites we have obtained from "Nordiska 
Armaturfabriken", LinkSping. The first resin contains 
COOH-groups and the latter SO3H-groups. 

Wofatit C is ground to a particle size of about 0.1 mm 
and put through 10-15 "cycles" with N HCl--water-- 
N/2 NaOH--water--N HC1 and so on, after which it is 
put through some cycles with N/I0 NaOH instead of 
N/2 NaOH. This Wofatit is stored in N HC1 until use 
and then it is first washed with water--N/10 NaOH-- 
water--N HCl--water--20°/0 acetic acid, after which it 
is kept in glacial or 20% acetic acid overnight, and is 
further washed with 20% acetic acid just before the 
experiment. This adsorbent is called W, C, HAc. 

Especially during the first 10 washings the NaOH 
extracts great quantities of coloured substances, but 
towards the end of the whole procedure the washings 
become progressively lighter in colour. When using this 
Wofatit in acid or neutral solutions, no colour at all is 
extracted. A greater drawback of Wofatit C is, that 
it swells strongly in alkaline media and also, but to a 
much smaller extent, in acid solution. As this adsorb- 

I S. CLAESSON (Diss.), Ark. Kern. Min. Geol. "23.4, No..1, 1 (1946). 
2 G.SeIIRAM~, J. PRtMOStC, tt, Bet, dtsch, ehem.Ges. 77, 417 (1944). 
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ent in our method is only used in acid or neutral  sol- 
utiorr, th i s  phenomenon is without significance when 
glass filters are used. The metal  filters, however, must 
be packed with just the correct amount,  so tha t  the 
resin neither swells too much nor forms cracks or loose 
pockets. 

Wofat i t  .KS is prepared in the same manner  as Wo- 
fatit  C. I t  is more stable, does not give up such great 
quantities of colour and does not swell so markedly.  
This adsorbent is called W, KS, HAc. 

(4) Amberlite IR -4  (The Resinous Products and 
Chemical Company, Philadelphia) is an ion exchange 
resin of the alkylene polyamine formaldehyde type. 
I t  was ground to a particle size of about  0.1 m m  and 
during several days washed al ternately with N HC1 
and wate r - -a t  least 25 times with each. This is done 
most conveniently by  pouring the liquids through a 
column of the adsorbant,  e.g. in 250 ml portions for 
50 g substance. The 2reparat ion is stored in water  
and is before use washed with further quantities of 
water. This adsorbent that  extracts  only negligible 
quantities of nitrogen, is called IR-4, HC1, aq. 

The great advantage with the Wofatits,  Amberlites 
and other organic ion exchangers over the usual ad- 
sorbents is tha t  they  can easily be  regenerated 1. 
Below is given a description of our methods for doing 
this for the different exchangers. 

Wofat i t  C (about 2000 z~ m m  8) is after the experi- 
ments washed with 300 ml N HC1 and then with 300 ml 
20% acetic acid. Both solutions are passed very  slowly 
through the filters. Wofat i t  KS (about 8000 z~ m m  a) 
is washed in the same manner  but  with somewhat  
greater  volumes. Amberli te I R - 4  (2000--4000 n m m  3) 
is washed with 300 m l N  HC1 and then with nearly 
1 1 water.  In  all these cases the substance need not 
be removed from the filter which, once packed, can 
be used m a n y  times. 

Because of the great quantit ies of eluents tha t  are 
used, it has been hardly possible to free them from 
nitrogen. Our reagents have however been very pure, 
and we have simply subtracted their  blank from our 
analysis values. 

With the phenol we have had some trouble. A prep- 
aration that  we first used was found to destroy phenyl- 
alanine during evaporation in a beaker on a water bath. 
For this reason we tried instead freshly distilled phenol, 
which at first seemed to be better, but  it was soon found 
that it too destroyed some of the phenylalanine. Vacuum 
evaporation could not be applied, as we could not con- 
trol the splashing of the 5 % phenol in 20 % acetic acid, 
and for that  reason we tried the following method. 

The eluate is collected in a 500 ml Erlenmeyer flask, 
which after the etution is closed by a ground-in wash 
bottle head, the normal outlet of which is connected to 
the air pressure line. The head has been slightly modified 
so that  an oblique jet of air is directed on the surface 
of the liquid with a swirling motion. The flask is heated 

x R. J. MYERS, J. W. E^srl~s, F. J. MYERS, Ind. Eng. Chem. aa, 
607 0941). 

on a boiling water bath and evaporation is almost com- 
plete in two hours. When only a few ml of the liquid are 
left, about 20 ml of water or acetic acid are added and 
evaporation is continued with heating and blowing to 
complete dryness (about 15 minutes). The residue con- 
tains only traces of phenol but 99-100 % of the phenyl- 
alanine. 

As a quant i ta t ive test o~ the distribution o[ nitrogen 
we have throughout used the micro-Kjeldahl method. 
Our modification (CuSO 4, K~SO 4, H~O~) has not given 
theoretical values for the basic*amino acids, bu t  we 
have applied an empirical correction factor, and we 
hope to find a more satisfactory modification. 

For qualitative tests of amino acid distribution in the 
elaboration of the method we used the ninhydrin reac- 
tion. 1 ml sample was boiled for 1-2 minutes with 0-5 ml 
M phosphate buffer pa  7 and two drops 1% aqueous 
ninhydrin. A violet-blue (or in some 'cases red) colour 
indicated the presence of some tens of 7 of amino aqid. 
When only smaller quantities were available, we boiled 
together for 1 minute in a dwarf test tube 2 drops of 
sample (about 0.1 ml), 1 drop 2 M phosphate buffer PN 
7 and 1 drop 2 % aqueous ninhydrin. A weak but distinct 
colour was thus obtained with quantities as small as 
about 1 7 of glycine or 5 7 of phenylalanine. 

Below we give some experimental results from series 
analyses o~ amino acid mixtures, containing about 45 mg 
of free amino acids. The calculated and the obtained 
values for two different solutions and the compositions 
of these are tabulated.  The amounts of adsorbents used 
are for CA, III, HAc 1400--1200 z~ m m  3, for W, C, HAc 
2100 2000z~ m m  3, for W, KS, HAc 8500---8000z~ mms 
and for IR-4 ,  HC1, aq (sol. 2; exper. 4 and 5) 4000 to 
2000 z, m m  3. Metal filters have been used in exper. 1, 
2 and  4, and glass filters in exper. 3 and 5. As to 
solution No. 1 no H~S has been used, but  in exper. 4 
and 5 both solution No. 2 and the 5% and 20% acetic 
acid were t reated with this reagent, corresponding to 
the descriptions of SCHRAMM and PRIMOSIGrI 1. 

Solution No. I and 2. Composition per sample (5 ml). 
[ . . . . . . . . . . . .  

i Group Amino acids 

Ar  P h e n y l a l a n i n e  
Tryptophane 

B Arginine 
Histidine-HC1 

Ac Aspartic acid 
Glutamic acid-HCl 

N Glycine 
Leucine 
Cysteine-HCl 
Hydroxyproline 

Total 

Solution No. I 
mg I 7 N  

5.0 410 

7.5 2815 
2.5 

7.5 575 

15,0 4030 
12.5 

50.0 7830 

Solution No. 2 
mg I ~ N .  

3.92 531 
1.96 

1.96 1361 

3"92 

2-35 981 
9-80 

5-61 2520 
9"36 
1"87 
3"74 

44-5 5393 

x G. SCHRAM~I,J, PRIM0SlOX, Ber. dtsch, chem.Ges. 7Y, 417 (1944). 
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Solution No. t. Nitrogen/ound in amino acid groups, 
as % o[ total calculated nitrogen 

Exper. No. 

1 
2 
3 

Mean 

Calc. 

Arom. Bas. 

5-5 
5.5 
5.3 

5-4 

5-5 

32.5 
30.9 
31.1 

31.5 

t 32.5 

Acid + neutr. Total 

62.1 100.2 
62.O 98"3 
62.7 99.1 

62.3 99.2 

62-1 100 

Solution No. 2. Nitrogen found in amino acid grozfps, 

Exper. 
No. 

4 
5 

M e a n  

Calc. 

ds % of total calculated nitro 

Atom. Bas. Acid + Neutral 
neutral 

10.7 22.6 67.0 47.2 
10.5 24-8 64-0 46-3 

10-6 23-7 (65-5) 46.S 

9-9 24.8 65.3 47.0 

'en 

Acid[ Total 

18.2 99-100 
17-3 99 

1 7 - 8 t  99-100  

18.3 100 

As can be seen from the preceding tables, the results 
are not as good as could be desired. On the other hand 
they are of the same accuracy as those of SCHRAMM- 
PI~IMOSIG~I ~ and of TaEORELL-AKESSO~ 2. The low 
values for the basic amino acids probably depend on 
some destruction during the evaporation of the eluate 
from W, C, HAc, and the disproportion between aro- 
matic and basic amino acids in exper. 4 and 5 prob- 
ably depends on the fact that  arginine is to some 
small extent retained on charcoal, when the eluting 5 ~/o 
acetic acid is saturated with H~S. These errors in the 
analysis are still being studied, and there is reason to 
hope that  they may soon be eliminated. In that  event 
the method should be accurate to within 0.5% of the 
total N. 

The following details of actual experiments give an 
idea of the relatively shor t  time required for an ana- 
lysis. Op. l a  may take 1 hour (i.e. the rate of per- 
colation should "be about i ml per minute). Op. l b 
may go .faster, 1 1 being passed through in about 
2 hours. On the other hand, op. 2 must precede slowly, 
and ~ a y  conveniently be made overnight. As a rule 
we try to elute the filters fl and 7 the same.day that  
the analysis is begun, taking at  least 4 hours for this, 
after which the evaporations are performed on a water 
bath during the night. 

The next morning, when eluates 2 fl and 7 have 
evaporated, the residue 7 is dissolved in water and 
poured through the 3 filter. The elution of this with 
water and with N HC1 may t~ke one half and one hour 

1 G. SCHRAMM, J. PRIMOSIGH, Bet. dtsch, chem.Ges. 77, 417 (1944}. 
z H. TH~OaELL, A. AKESSOS, Ark. Kern. Min. Geol. 16A, No. S, 

t (t942). 

respectively, and these eluates are evaporated on a 
water bath during the next night. 

The whole analysis is thus performed during two 
working-days, while the K]etdaht analyses will take 
the same time as in other methods. The preparation of 
the filters the day before the analysis does not take 
long, and during the analysis itself a great deal of 
time is left for other work, e.g.  a parallel analysis. 

Discussion 

The method is founded on the idea of former in- 
vestigators, especially SCHRAMM-PRIMOSIGH x, of  sep- 
arating an amino acid mixture into groups by a 
combination of chromatographic procedures. In ad- 
dition to this we have also adopted the principle used 
in the qualitative separation of the leaf pigments ~, 
namely the use of a series of adsorbents, one after 
another in the same operation. What  is new in our 
method is the coupling together ill series of independ- 
ent filters, which can be detached and separately 
eluted, so that  a quantitative separation of amino 
acids into groups is possible. In addition some facts 
upon which the method is based are new, namely the 
adsorption of amino acids from 20% acetic acid on 
Wofatit C and KS and the subsequent elution from 
these adsorbents by N HC1. 

A great advantage of the method is that  the reagents 
used are all easily removed by eyaporation, thus avoid- 
•ng the accumulation of salts in some fractions, as 
occurs in some other procedures for adsorption ana- 
lysis a. In addition any salts that  may originally be 
present in the amino acid mixture are automatically 
removed (fig..1; op. l a  and b). Also the use of pyridine 
as eluent (frequently used in earlier works) has been 
totally avoided. A serious drawback at present is, 
however, the great difficulty of obtaining Wofatit C, 
but we have heard that  at tempts are being made in 
America to produce an adsorbent with similar prop- 
erties. 

As yet we have obtained only four groups against 
SCHRAMM-PRIMOSIGH'S five:, but we plan to separate 
the neutral group into two parts, using some ion 
exchange resin (in place of the alumina) together with 
formaldehyde, ethanol, acetone or some other subs- 
tance, that  changes the electrical properties of the 
amino acids. 

Some drawbacks with the electrodialytic method 
are that  it does not accomplish a separation of the aro- 
matic from the neutral amino acids and that  some 
operations must~ be performed twice 4. On the other 

1 G. SCHRA•M, J, P~IM0SIGH, Ber. dtsch, chem. Ges, 77,417 (1944). 
2 L. GATTERMANp, Die PraMs d. org. Chemikers, 24th ed., 

page 402, Berlin 1936. 
s j .  W. I~ua~oF~'¢ J.  biol. Chem. 141, 711 (1941). - F. TURBA, 

Ber. dtsch, them, Ge$. 7~B, 1829 (1941). 
4 H. TH~OR~LL, A. AKESSON, Ark. Kern. Min. Geol. I6.4, No. 8, 

i (19a~). 
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h a n d  i t  permits  the  de te rmina t ion  of a m m o n i a  n i t ro-  
gen, which we have not  yet  s tudied b u t  hope soon to 
explore. 

Since we hope to use the method  for analysis  of virus 
proteins,  we plan  on the one h a n d  to adap t  i t  for use 
on prote in  hydrolysates ,  a n d  on the  other  to decrease 
the a m o u n t  of mate r ia l  required. The accuracy of the  
me thod  even wi th  very  small  a m o u n t s  should be as 
high as is a t t a ined  by  the usual  ana ly t ica l  methods  for 
amino acids. Na tu ra l ly  we also hope to apply  the 
method  for the estimatior~ of as m a n y  ind iv idua l  amino  
acids as possible, us ing colorimetric or other methods ,  
where no  specific adsorpt ion  procedures are available.  

This  inves t iga t ion  has been f inancial ly  suppor ted  
by  a gran t  from "" Sta tens  Tekniska  Fo r skn ings r~d"  

We wish to express our sincere g ra t i tude  to Dr 

N. G. HEATLEY, who has  k ind ly  revised the manuscr ip t ,  
and  we also t ha nk  Miss SONJA LINDBERG, who has 
performed a great  n u m b e r  of Kje ldahl  analyses.  

Z u s a m m e n / a s s u n g  

Es wird eine leicht durchfiihrbare Methode ffir die 
T rennung  yon  Aminosi~uregemischen in die vier natiir-  
lichen Gruppen - aromatische, basisehe, neutrale  und  
saure - beschrieben. Die Methode beruht  auf der Ver- 
wendung yon vier Absorptionsfiltern, wovon drei hin- 
tereinandergeschaltet  sind und die separat eluiert wer- 
den. Die Genauigkeit  der Methode ist die bei der Amino- 
sAureanalyse iibliche; die fiir die Frakt ionierung be- 
n6tigte Zeit ist die gleiche wie diejenige der schnellsten 
Methoden, die bis jetzt  fiir solche Zwecke benutz t  wur- 
den..,Der groBe Vorteil der neuen Methode besteht darin, 
dab jede Trennungsreakt ion nur  einmal durehgefiihrt 
werden muB und dab alle Frakt ionen v611ig salzfrei er- 
hal ten werden. 
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V a r i a t i o n  de la  c h a l e u r  sp~c i f ique  du c a o u t c h o u c  
e n  f o n c t i o n  de  l ' f i longat ion  

La thdorie ddveloppde par VOGT 1 prdvoit que la cha- 
leur spdcifique du caoutchouc dtird dolt btre inddpen- 
dante  de l 'dlongation (& condition que la tension, 
longueur constante,  varie l indairement a v e c l a  temp6- 
rature). HAMILL, .-V~ROWCA et ANTHONY i ont montrd 
que la th6orie de VOlT cesse d 'e t re  applicable lorsque 
l 'extension du caoutchouc'  est accompagn6e de ta for- 
mat ion d 'une  seconde phase. 

D'apr~s les mesures de ORNSTEIN, WOUDA et EY- 
.X1E~S a, la chalcur sp6cifique du caoutchouc vulcanis~ 
varierait  consid6rablement avec l '~ t i rement ,  passant  
par un min imum (65 % seulement de sa valeur initiale) 
pour une extension de l 'ordre de 100%. 11 s 'agissait  
de mesures de la chaleur sp6cifique moyenne entre  80°C 
et la t empera tu re  ordinaire. Avec un  dispositif per- 
me t t an t  d '~valuer la chaleur sp6cifique vraie g la tem- 
perature ordinaire, BOISSONNAS 4 a r6p~t6 ces mesures 
et obtenu des r~sultats tr~s diff~rents de  ceux d'ORN- 
STSL~. Pour un  *chantiUon de caoutchouc non  vulcanis6, 
le chaleur sp6cifique ne varie pas plus de 3% entre 
0 et 200% d'~longation; pour un  6chantiUon de caout-  
chouc vulcanis~, elle v a r i e a u  plus de 10% entre 0 et 
~00 %. 

II nous a paru int6ressant de reprendre ces derni~res 
mesures en augmentan t  leur precision. Le calorim~tre 

w. w. vo~;z, dans ,Chemistry and Technology of Rubber,,, 
p. 375-76, Reinhold Publ. Corp., New York (1937). 

W. H. HAMILL, B.A. MROWCA et R. L. Au'rrtouv, Ind. eng. 
Chem. 38, 106 (1946}. 

3 L. S. OR~SrEL~, J. Wov~A et J. EY~RS, Proc. Acad. Sci. 
Amsterdam 33, ~73 (1930). 

C. G. BOISSO,~NAS, Ind. eng. C_&em. 31, 761 (1939). 

employ6, d~riv6 de celui qui  a ~t6 uttlis6 par BOISSON- 
~AS, est du type  Nerns t -Eucken .  Sur un  cylindre de 
,,Dellite~ x (diam~tre 15 mm, 6paisseur 0,4 ram, lon- 
gueur 90 mm), sont  enroul6s un  fil de plat ine (thermo- 
m~tre) et un  fil de cons tan tan  (chauffage). Un  ill de 
caoutchouc (2 m environ, section Carrie 3--4 mm ~) 
est bobin6 sur ce support  & l'61ongation d~sir6e; le tou t  
est suspendu dans un  r6cipient dans lequel on fair le vide. 
L 'ensemble est plong6 darts u n  thermostat .  L'~nergie 
fournie p a r  le courant  de chauffe produi t  une 616vation 
de ta temperature  du caoutchouc de 1°C environ. 

En  raison des grandes pertes thermiques dues ~ la 
faible capacit6 et la grande surface de l '6quipage, la 
courbe t e m p 6 r a t u r e - t e m p s  s '6cartait  trop de la ligne 
droite pendan t  le refroidissement (phase finale de la 
mesure), pour  permet t re  de caleuler la correction au 
moyen de la classique formule de Regnaul t -Pfaundler .  
Nous avons employ6 un  proc6d6 tr~s simple, applicable 

route mesure calorim~trique dans laquelle, la marche 
de la  temperature  est ne t tement  exponentielle. On 
~tablit  un  graphique sur papier logari thmique (6chelle 
lin~aire en abscisse' pour le temps, ~chelle logarithmique 
en ordo'nn~e pour  la temperature) ;  le coefficient angu- 
laire de la droite obtenue donne alors le coefficient de 
la formule de Newton. La reproductibili t6 de nos me- 
sures a t te in t  ainsi -J-0,2%, bien que la correction de 
la fuite thermique soft de l 'ordre de 8 %. 

Les mesures faites avec un  ~chantillon de caoutchouc 
non  vulcanis~ (ill d6coup6 clans de la feuille anglaise), 
25°C, ne mon t ren t  pas ,de var ia t ion  de la chaleur sp~- 
cifique avec l '~tirement,  pour des ~tong.ations comprises 
entre 0 et  300 % (volt trac* I). Pour  les caoutchoucs vul- 

1 Papier bakelite, produit par la Fabrique suisse d'Isolants, 
Bretonbac. 


