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INTRODUCTION

The relative zone mobility #, of an ion X is defined as the ratio of its zone
mobility to the zone mobility of a standard ion (we have used butylammonium as the
standard cation and picrate as the standard anion!). In a previous communication!
we showed that #, is given by the equation:

Uy = UP[U(sta)P(std) | | i

where 72 and # gta) are the mobilities of X and of the standard ion in free solution,
and p and p(sta) are the adsorptive factors of X and of the standard ion. The adsorp-
tive factor measures the retardation of an ion by reversible adsorption on to the cel-
lulose fibres of the paper and for most small ions can be ignored (z.e. p = 1). However,
for ions having large flat hydrophobic faces, adsorptive effects become appreciable
and p < 1.

The possibility of calculating #, depends on the ability to calculate %/ gtq) and
p/psta)-

Our previous communication! dealt with the calculation of the first term, when
the shape of the ion under consideration was approximately spherlca.l or ellipsoidal.
In the present paper we extend the calculations to several amino acids and peptides,
some of them of irregular shape, measured against butylammonium as the standard
cation. The second term p/psta) has been evaluated experimentally; the instances
where it may safely be assumed equal to unity are discussed below.

CALCULATION OF %/ (stq)

The amino acids and peptides listed in Table I were run against butylammonium
as standard ion in hydrochloric acid at pH 1.51 - 0.04 (measured with a glass elec-
trode). The experimental procedure has already been described!. Since all the ions
under investigation are monovalent, they will suffer about the same proportional
retardation from interionic effects in a solution of glven ionic strength, so that

approximately:
wt ot gea) = %ot /U0t (sta) ‘ | . (2)

where #,*+ and #,* gtq) are cation mobilities in infinitely dilute solution.
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NH3+-CHR-002H -»NH3+-CHR-cog-—- NHp=CHR=CO3~
(1) Nt (11) o (111)

’(a) Calcuiatzon of charge 2
" The effective charge (2) of the catlon (I) depends on the extent of conversion of
the zthterlon (II) and hence on the hydrogen ion act1v1ty am. of the solut1on. :

e 'f(;'n

where K’L«-ls'the_apparent dlssoc1atlon constant for the reactlon I~-~ II -|- H+ and
—log an. = pH.is measured potentlometrlcally using a glass'electrode: The apparent
dissociation: ‘constant ‘K" (= —=’antilog pK,") is:related to the’ thermodynamlc dls-
soc:atlon .‘constant Kl (= — antllog pKI) by the equatlon' _‘ ‘ P

.f-:.

values of. 74 R seem reé,sonabie :‘for the a-amino Acids (Nos. 1-1:2) and’ pep’cldes5 ', but
may be. too low for the. aminobenzoic ac1ds (Nos. 14—16)

,,,,,,

I frlctlona.l ratlo ( f/fo) of the catlons denved from’ s1mple ammo amds such a.s
glycme and alanme, which have approximately elhpsmdal shapes, ¢an’ ‘be ‘obtained
by the appllcatlon of PERRIN’s equations®. However, the shapes of most of the amino
-acids are too. u‘regular for these equations to be apphcable. Consequently, the friction-

" al ratlos were:: obi:aurxei:lr from the limiting dlffuuon"coefﬁcxents Dyt of the amino
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TABLE I ‘ : o ‘ NS
RELATIVE ZONE MOBILITIES (u.-+) OF AMINO ACIDS AND PEPTIDES AT pI—I 1. 5

No. Compound 2z vuElrgt wt gt
(cale.)  (obs.))

1 Leucine - ' © ' o.890 ' 1.0X '0.65 0.67
2 . Norleucine : . . 0.890 (1.0l - 0.65 '0.68 -
3 Valine .. - ..0.880 - 1.0 - 0.69. 0.68
4  Norvaline - 0.898 1.0X 0.70 0.65
5~ Threonine. - ‘ - 0.823 1.0 ' 0.66 - 0.67
6- - Serine . ~ S .0,853 . 1.01 .. 0,76 " 0.70.
7 Proline . o _ . 0.772 1.0X 0.69 0.66

8 Alanine ‘0.895 1.02° ' 0.82° 0.83
9 Asparagine: : " ‘0.810 . 1.0T 0.68 0.68 .
10 Phenylalanine 0.720 1.01 0.51 0.53
11 Tryptophan . 0.004 1.0 0.48 0.49
12 Glycine © 0.895 1.02 °  0.06 ' 0.97
13 B-Alanine - 0.094 . . IL.10 1.02 1.02
14 o~Aminobenzoic. acxd 0.831 1.01 0.61 - 0.19
15 m-Aminobenzoic acid. =~ 0.982 ‘1.10 0.68 0.65
16 p-Aminobenzbic acid 0.910 I.10 0.69 0.66
17 Glycylglycine ' 0.892 1.10 0.86 0.82
18 Diglycylglycine 0.985 1.07 0.70 0.72

acid zwitterions (II). It has been shown that a modified STOKE’s equation applles to
the diffusion in water of these and other neutral organic molecules?:

“Do* = AT/5nrwEn(f/fo) - T ‘ ‘ ‘ ' - ‘ (6)
(f/fo) = kT /smDotry*n . (6a)

where % is Boltzmann’s constant, T the absolute temperature, and »,% the Van der
Waals radius of the zwitterion. Equation (6) has been found to hold fairly well for
glycine and alanine (which are sufficiently ellipsoidal for (f/f;) to be obtainable from
PERRIN’S equations)8, and hence may be ‘assumed to apply to the more 1rregular
amino acids which deviate widely from ellipsoidal shapes. Values of Dy* for the amino
acids and peptides of Table I are available from the careful work of LONGSWORTH?,
LoNGSWORTH's experimental values are for low solute concentrations, rather than
for infinite dilution, but will differ by only 1-2 9% from values for the latter condition.
(¢c) Calculation of the tonic mdms Pt - :

*- The Van der Waals volume V', of organic ions may be obtamed by the addltlon
of the volumes of the constituent atoms or groups, which have already been list-
edl 210,11 The Van der Waals radius », is thus given by the relation: Vi, = 4 7 v,3/3.
However, in aqueous solution it was sometimes found necessary to assume an in-
crease in volume because of hydration, in order to compute correct ionic mobilities
by the use of Eqn. (3). Thus it was found that the volume of the ionized carboxylate
group (29.5" As) had to be:increased by about 40 A3 to account satisfactorily for the
mobilities of ions containing this group?. On the other hand, it was not found nec-
essary to increase the Van der Waals volume (r1.5 A?) of the —NI-I3 group to ac-
count satisfactorily for the mobilities of substituted ammonium ions in water?3, in
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‘ th fa t that other types of ev1dence19 mdlcate thls group also to be hydrated i
It ”,uldi seem _that: with. substituted :ammonium: ions the effect;:of: hydration is.-
f:.counterbalanced by other effects, such as loosenmg of the surroundmg wate“ struc-
;_j_ture13 insofar as:mobilities are co: erned. 5

: ‘The Van der- Waals volurn'esl; calculated in thls way prove satlsfactory in. ex-
;_",plammg the mobilities - of monofunctlonal and some s1rnp1e polyfunctlonal com-
pounds?; 3, However, there is some: ev1dence that hydration increases;when- several
‘.polar groups are near each: other in an lon2 perhaps through cooperat v
'. zbmchng water- molecules “Thus the- catlons of glycine.(I; R = H). and.,,alanme (I
TRe= CH,,) -were found- to have moblhtles consuderably less . than calculated from
‘Eqn (3)% “The experlmental moblhtles may, be brought into line with' calculated
“values if it is assumed that the Van der Waals volumes of these catlons are mcreased

' by about 30°43, i g .
< The" ‘work: descrlbed in’ the present paper wrth the more extended serles of
; arruno amds of Table I corroborates this: ﬁndlng The relative’ moblhtles of these
,..catrons were obtamed from Eqn. (7) obtamed by comblnmg Eqns (3) and (6)

AT uo+ =1 6oz x xo*lzsz*Doi/krw'*'T rj S ’, ),
“For wa'ter.solu'tions at 25° this becomes:
1¢o+=3893Do=’=rw*/fw"' Y )}

D bemg measured in 1 cm?- sec-1 When butylammomum (up == 3 88 X IO"'" cm2
sec-l V"1 at 25 °) 1s used as the standard ion:

‘uo+/u0(gtd)+ =.1,00 >< I05 zDoi'rwﬂ:/rw

EENECT The moblhty ratlo calculated from Eqn (9) is. for aqueous solutlons at 25
However, the relative moblhtles of organic.ions having.radii larger than about 3 A

are not affected by: temperature'f3 In the present work temperatures were about 30°,
but were not controlled closely S > .

(d) Determmatwn of p/p(gm) - SR SEREERRERNIN SRR B o
, ‘The adsorptive factor. (p(gm)) of the butylammomum ion is known to be : 001
The same adsorptive. factors would be antlclpated for the cations of all.the amino
. acids: a.nd peptides listed in. Table I;. except perhaps phenylalamne, tryptophan and
the ammobenzoxc acids;: whlch contain aromatic. rings: The: adsorptive factors were
: determmed by the: rnethod' described: earlier!,. and. were: found to be approximately
.00 for all: the amino: acids (mcludmg phenylalamne) in’aqueous: hydrochloric acid.
(pH T.5): on:Whatman No. 1. -paper, with the exception only.of o-aminobenzoic acid
(pi=-0. 86) m-ammobenzolc acid' (p: =:0.82),;p-aminobenzoic acid (p° = o. 82), and
-tryptophan (#i=:0:80): The. different. wvalues :obtained . for- phenylalamne -and . the
- aminobenzoic: aclds illustrate.the fact that while:the: iadsorptive factor is. in general

govemed by, the area of. ﬂat hydrophoblc surface in‘ the molecule, other more spec1ﬁc
factors. a.realsomv'olveda ey

N
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COMPARISON OF CALCULATED AND OBSERVED RELATIVE ZONE: MOBILITIES
Combmmg Eqns. (I) (2) and (9) gwes. . .
Uy " = .1.00 - % :o5pzDo=*=rwi/rw . ., .. ~. . | lb:(xc)

when butylammonium is the standard ion. If no hydratlon of the amino ac1d cation
(I) is assumed, 7y* /7y,*+ varies from 1.18 for the smallest ion (glycine) to x.07 for the
largest (tryptophan), because of the increase in volume on ionization of unhydrated
—CO,H to hydrated CO,~*. The use of such values led to systematlcally high values
of u,+, the error being greater for the small jons than for the large ions. However,
when it was assumed that V,*+ of the cations was increased by 33 A% by hydration,
and the consequent values of 7% /rw+ given in Table I were obtained, the calculated
values of #,*+ were found to be in reasonably good agreement with the observed
values*¥, Better agreement could not be expected, considering the various approxi-
mations in the calculations, and the precision of only about 3-4 % in the observed
values.

The unexpected hydratlon of the cations (I) rnay be a consequence of a cooper-v
ative effect of the ammonium and carboxyl groups in binding water molecules:

H R
H. 8 o
N/ \C/ ~H
H~ i '
H
6. wu
S
H I—I---(')\H

In that case the effect should drop. off with separation of the groups. Some
support for this idea comes from the cations after No. 12 in Table I. An increase of
10 A%in the V,,* for the f-amino acids (Nos. 13 and 14), and of zero for the remaining
acids and peptides (Nos 15-18) has been assumed in arrwmg at the calculated values
of u#y* in the table. Tt is evident that these values are in rough agreement with ob-
served values, except in the case of o-aminobenzoic acid. We cannot explain the
anomalously low mob111ty of this cation, which merits further investigation.

It is realized that in this treatment a naive picture of the conduction process is
used: the decrease in mobility is attributed solely to an increased volume of nugratmg
ion because of hydration. In fact the retardation of ions in aqueous solutions is due to
a number of causes!$, of which this is only one. However, this treatment is justified by
its operational usefulness. It suggests that the mobilities of ammonium ions having
aldehyde, keto or nitro groups near the —NH4+ group may be less than those havmg
these groups more distant from the —NHj;+ group.

Attempts were made to analyse the relatlve zone moblhtles of ammo ac1d

* The question of the relative sizes of amino acld cations, anions and zthterwns seems
first to have been considered by SvenssoNl4, who, however, lacked any experimental evidence on
the subject "

* In a previous treatment!t relating »+ and Do , it was assumed that r*w A 7yt 1t is appar-
ent, from inspection of #p%/ryt values in Table I, that this assumption is in rough agreement
with the results in the present paper. :
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o The:relative zone mobllltles of several protonated amino ac1ds afid twé peptldes’
“have. been calculated from the. diffusion coefficients of the zwitterionic forms of the
- compoundsi’ Good' agréement’ with" observed:" values was'obtained ‘if ‘it" was aseumed
’ that the. Van' der Waals volume of protonated ‘G-amino’ a.c1ds is’ mcreased by 33 A%

o .' ‘_fby hydratlon. 3
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