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The concentration dependence of diffusion coefficient of potassium chlorate in water has been 
measured at 25°C using the Taylor technique. The results have been treated according to the 
extended Hartley-Crank interpretation of the concentration dependence of diffusion coefficient 
and compared with diffusivities published for lithium and sodium chlorates. 

In interpreting many processes on a quantitative basis, diffusivities of the substances 
involved are the basic component of the starting information on the system under 
study. Although many techniques have been developed for measuring diffusion 
coefficients, very little accurate data on diffusivities are available (see, e.g., revie\\'s 
of the present state of knowledge on diffusion in electrolyte solutions in refsl-7). 
Potassium chlorate attracts interest in regard to diffusivity determination because, 
among other reasons, kinetic studies have been made on recrystallization of this salt 
from aqueous solution 8 ,9, and diffusivities of lithium and sodium chlorates have 
been published 1 o. 

As a cooperative effort, measurements of the diffusion coefficient of potassium 
ohlorate in water have been' made by the diaphragm-cell method at the Department 
cf Physical Chemistry, Institute of Chemical Technology, Praguell , and by the Taylor 
technique of trace injection dispersion in laminar flow of liquid in pipes using an ap
paratus developed by Hancil, Rod and Rosenbaum 12. The latter method has been 
used by a number of investigators to measure the diffusion coefficient13 - 28 . Experi
mentally, one follows a quantity z proportional to concentration or a suitable con
centration difference, depending on the type of the analytical concentration sensor 
employed. For highly sensitive sensors, it has proved desirable l2 ,19 to correct the 
response to the initial pulse for a linear drift of the null signal of the sensor. The final 
theoretical form for the response to a concentration pulse is then 

(1) 
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where B1 = D, B2 = LjV, B3 = d2j4 and B4 involves (in addition to quantities 
characterizing the amount and concentration of the sample ir,jectcd into a stream 
of the carrier liquid) a constant characterizing the proportionality betwe(ll the con
centration and the final amplitude of the recorded response. 

Assuming precise measurement of time, a constant variance of the quantity z(t), 
uncorrelated errors and their normal distribution with zao mean, the method of maxi
mum likelihood can be used to estimate the required parameter B1 from Eq. (1) 
on the basis of experimentally determined response z(t) (refs 12, I 9). Alternatively, 
it is possible to evaluate the diffusivity by the method of moments which, in principle, 
may be equally accurate l9 , 

EXPERIMENTAL 

The procedure and the appurufliS have been described in detail elsewhere 12. A new feature 
of the apparatus was a stainless steel capillary of length L "~ 2·tQ m and 1·5 mm inner dia
meter. About 5 mm3 of sample was admitted to the stream of a carrier solution of a chosen con
centration by throwing a six-way tap fitted with a sampling loop. The concentration of the sample 
was by 1 to 2% lower than that of the carrier solution. The result ing concentration profile was 
determined by means of a differential refractometcr (Knauer) placed at the end of the stainless 
steel capillary thermostatted at 25'0 ± 0·05'C. The reference cell of the refractometer always 
contained the carrier solution. The main capillary was connected with the inner cell of the refrac
tometer through a 30 cm steel capillary of O· 2 mm inner diameter. The cell volume was c. 8 mm3 . 

The evaluation was made on the assumption that this connection affected only the so-called ef
fective radius of the capillary. This radius, which represents the apparatus constant, can be 
determined experimentally by measuring the response curve for a systcm of known diffusivity. 
As previouslyl 2, the calibration was made using a potassium chloride solution containing 1'8 wt.% 
KCI (in the vicinity of this concentration, the diffusivity of KC1 in waler, 1'830.10- 9 m2 /s, 
is little concentration dependent, as indicated by a plot of D against concentration which shows 
a flat minimum in this region26 . 27 ). The volume flow rate of the carrier solution was kept con-

TABLE I 

Measured values of the differential diffusion coefficient of potassium chlorate in water at 25°C 
---------

m DOl' 109 , m 2 /sa c Dc' 109 , m2 /sh c Dc' lO9, m2 /s h 

----- .. _--. ---~ 

0 1·829 0'049 1·743 0'301 1·628 
0'06 1'625 0-097 1'649 0'355 1'625 
0·12 1·57 0'15 1·654 0·408 1·622 
0·24 1·50 0'2CO 1-629 0·455 1·592 
0·535 1-38 0·248 1·625 0·501 1·543 

" Results of this work; b results of Kozlova 1 1 . 
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stant at 20 ± I ml/h by means of a linear proportioner (Infumat, MLR); the corresponding 
average flow rate in the capillary was 0'3144 cm/s. 

Pota.'.liurn chloride and potaJJium chlorate of analytical grade were purified by triple fractional 
recrystallization from water redistilled in a quartz apparatus. Before use both salts were dried 
ill a desiccator over P20S for three weeks. The points of the response curve were recorded equi
distantly at 5 and I Ii s intervals, and were evaluated by numerical optimization using Marquardt's 
algorithm 12. Four to six values were measured for each of the four concentration levels chosen; 
averages of the values are listed in Table I, along with data obtained by Kozlova 11. A slight 
difference in the concentration dependence for the two sets of measurements can be seen in Fig. I; 
the bar on each experimental point indicates the difference between the maximum and minimum 
measured values in the case of our data and an estimate of standard deviation for data of Kozlo
V:.i 11 

Other quantitative characteristics of the measurements and the conditions for applicability 
of mathematical relations used in evaluating the experimental results are summarized in Appen
dix /. Physicochemical properties of the system are listed in Table II. 

RESULTS AND DISCUSSION 

A phenomenological model of the concentration dependence of the diffusion coef
ficient for electrolytes has been described in the literature: Hartley's and Crank's 
model of the concentration dependence of diffusivity for binary systems has been 
extended by Agar to completely dissociated electrolytes (cited according to Robinson 

TABLE II 

Values of physicochemical properties of aqueous solutions of KCl03 at 25°C used in calculating 
the concentration dependence of diffusivity 

( 
a 0'001 0'002 0'005 0·01 0'02 0'05 0'1 0·2 0·5 

a(c) 0·978 0'969 0'952 0'933 0·910 0·866 0·827 0·780 0·703 

Ilw/ n.., 
a 4096 2048 1024 512 128 32 8 

G( 1·000 0·977 0'972 0'959 0·932 0'875 0·797 

b 0·1 0·2 0'3 0·4 0·5 0'6 0·7 11/ 

:'± 0·749 0'681 0'635 0'599 0·568 0·541 0'518 

1> 0'913 0·887 0'867 0·849 0·832 0·816 0·802 

c c 0'01054 0'02114 0'08675 0'25875 0·52516 0'05 0'10 0·333 
11/,,0 0'99979 0'99952 0'99810 0'99514 0'99242 0'99957 0'9985 0·994 

pa I 2 3 4 7-999 rna 0·5 

C2 1'0034 1'0099 1'0165 1'0233 1'0484 Q(m) 1'0338 

a Ref3 7; b ref.5; c ref.4. 
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and StokesS ; for the derivation, see refs5 ,6,29,3o, and for discussion of the final form, 
refs l ,7,10), and subsequently by Wishaw and Stokes31 to partly associated electro
lytes. The final form for 1 : 1 electrolytes 

(2) 

is usually considered in the simplified form6 ,lo 

(3) 

To a first approximation, the diffusion coefficient D12 of an ion pair may be estimated 
on the basis of simple geometrical and hydrodynamic considerations (see, e.g., the 
treatment used by Wishaw and Stokes31 to estimate D12 for ammonium nitrate). 
Alternatively, it may be evaluated as the only empirical parameter by optimization 
in fitting experimental values of the function D( m) to a theoretical relation of the type 
of Eq. (3). 

For complete dissociation of an electrolyte, in which case IX = 1, experimental 
data on De(m) can be used to determine the hydration number from the slope of a li
near plot according to the relation 
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(4) 

FIG. 1 

Concentration dependence of dilfusion coef
ficient of potassium chlorate in water at 25°C. 
Experimental points: 0 theoretical limiting 
values of DO; • results of this work; (') results 
of Kozlova and SamohYI. Calculated lines 
(Eq.3): ---- h = 0, ex = 1; --- II ~ 0, 
D12=887~m2/s; -.-.- 11=0, D 12 = 
= 950 ~m2/s 
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where 

(5) 

or a viscosity-corrected relation 12( D), 

(6) 

The hydration numbers hi and h2 evaluated from the functions II and 12 may dif
fer significantly, depending on the nature of the function Y/0/Y/' Using Eqs (4) to (6), 
Campbell and Oliverio have evaluated experimental data on De(m) for sodium 
and lithium chlorates (Table III). A check on their procedure has shown a negative 
value of h2 .for NaCI03 (for details, see the second part of Table III). The concept 
of negative hydration is synonymous to increased mobility of solvent molecules 
in the vicinity of some ions (the so-called structure breakers), and is still a subject 
of interest (see, e.g., a recent discussion presented by Geiger35). Campbell and Oliverio 
have noted that the positive values obtained by them for the hydration number h2 
represent the lower limits of the hydration number estimates (i.e., they include the 
influence of the secondary hydration layers, whereas the II I values likely reflect 
the nature of the first hydration shell only). A definite conclusion that may be drawn 
from their results is that the sodium salt is less hydrated than the lithium saltlo. 
From our data on the concentration dependence of diffusivity D.(m) for KCI03 

we first evaluated the hydration number h from Eqs (4) and (5), i.e. on the assumption 
that rt. = 1. The viscosity correction Y//YfO(m) is negligible for KCI03 (Table II or IV) 
and the hI and 112 values almost coincide. The data for the concentration dependences 
of the required physicochemical properties are summarized in Table II (see also 
Table V). The calculations of DO and of the electrophoretic terms .11 and Ll2 are 
described in detail in Appendix II. The position of the line representing the con
centration dependence of diffusivity is seen from Fig. 2 to depend strongly on the 
value of h. The hydration number that leads to a satisfactory fit of the theoretical 
line corresponding to Eq. (3) for oc = 1 is negative, h = - 8'6. In the same situation, 
when interpretation of the I( D) dependence for NH 4N03 also led to negative values 
of h, Wi shaw and Stokes31 introduced the assumption of zero hydration of ions, 
h = O. According to their reasoning, the increased diffusivity measured may be 
explained on the basis of partial ion association by assuming that the associated 
species moves effectively faster than in the form of two separate particles (even when 
its diffusivity is smaller than that for the dissociated electrolyte). In further calcula
tions of the concentration dependence we used experimentally determined degrees 
of association a(m) (Tables II and V) and also introduced h = O. The assumption 
of zero hydration receives some support from comparison of limiting diffusivities 
DO for the other alkali metal salts (and also the analogous silver and ammonium 
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TABU III 

Differential diffusion coefficients of lithium and sodium chi orates in water at 25°C measured 
and calculated by Campbell and Oliveri ° 

m D. DI D2 W ,,/,,0 II fz 

LiClO3 

0 1·288 1·288 1·288 1'000 1'000 1·000 1·000 
0'0929 1·212 1·202 1·199 0'937 1·012 0'994 1'006 
0·201 1'205 1·215 1·210 0·961 1'025 0'962 0·986 
0'354 1·218 1·213 1'207 0'982 1·042 0·952 0'992 
0·729 1·251 1·248 1·239 1'074 1'090 0'895 0'975 
1-658 1'302 1'298 1·299 1'325 1·220 0·757 0'924 
2·570 1'341 1·200 1·251 1·495 1'360 0'693 0'942 
8·575 1·239 neg 0·767 2'478 2·700 0'389 1'049 

19'02 0·578 neg 0·704 2·265 8·20 0·199 1'632 
33'48 0'143 neg 0'036 1·251 28'9 0'089 2·581 
35'01 0·120 neg neg 1'308 32'6 0'072 2'337 

NaCI03 

0 1·502 1·502 1·502 1'000 1'000 1·000 1'000 
0'126 1'365 1'384 1'387 0'905 1'008 0·980 0'988 
0'356 1'358 1'340 1'347 0·877 1'024 0'998 1'022 
0·537 1'341 1'324 1'328 0'870 1'040 0'990 1'030 
0·727 1'325 1'308 1'310 0·866 1'058 0·981 1'038 
1·207 1·296 1'288 1·285 0'870 1-104 0'954' 1-153 
1·877 1·270 1·260 1·246 0·878 1·175 0'927 1·089 
3'750 1·667 1'219 1-123 0'931 1·470 0-805 1·183 
5'699 1'041 1'138 0'957 0·966 1'896 0'693 1'134 
5-843 1'036 1-130 0'945 0·967 1·932 0·689 1'331 
7·400 0'865 1'041 0'806 0·978 2'396 0·570 1'366 
8·594 0'690 0·985 0·718 1'000 2-840 0·445 1·264 

The values of measured (D.) and calculated (DI , D2 ) diffusivities are quoted in 10 - 9 m2/s. 
Dl = (DO + Al + Az) W{1 + 0'036 m [Dw/Do - hl}; D2 = (DO + Al + Az ) W{1 + 0'036 m . 
. [Dw/Do - h)] ,n7l; W= 1 + m d In 'I±/dm; 11 = De/[(DO + Al + A2) W]; 12 = 11 71/71°. 
Hydration numbers h in calculating DI were h = 6'0 for LiCI03 and h = 28 for NaCI03 , and 
in calculating Dz, h = 3'2 for LiCI03 and h = 0'6 for NaCI03 (see ref. 1O, Table IV). Slopes 
of linear plots based on Eqs (4) and (6) (denoted by PI and Pz, respectively) and the corresponding 
hydration numbers hi and hz, as read by us from Figs 2 and 3 of the work of Campbell and Oli
verlO: hi = (Dw/DO) - PI/0'036; for LiCI03 : PI = -0'1491, Pz = -0'0525, PI /0'036 = -4'14, 
P2/O'036 = -1'458, Dw/DO = 1'895, hi = 6'035, h2 = 3'353; for NaCI03 : PI = -0'0925, 
Pz = +0'08735, Pl /0'036 = -2'57, Pz /0'036 = +2'428, Dw/Do = 1-626, hi = 4'196, hz = 
= -0'802. From Fig. 2 of ref.10 it is obvious that PI ~ -Pz; Eq. (9) shows that P > 0 only 
for non-negative h < Dw/Do (for non-negative values of h, the slope takes the highest value 
at h = 0). 
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uni-univalent salts), see Table VI. Regardless of the nature of the anion, the DO 
values for the lithium, sodium and potassium salts always increase in pronounced 

TABLE IV 

Differential dift'usion coefficients of potassium chlorate in water at 25°C evaluated in this work, 
and parameters used in the calculations 

m D DO + Lli + Ll2 Da W ,,1,,° Dna f 

0,1 1·592 1'683 1·781 0'879 0'998 1'490 1'812 
0·15 1·552 1·661 1·784 0·861 0·997 1·445 1'803 
0·2 1·528 1-645 1·786 0'844 0'996 1·407 1·811 
0·25 1·504 1-632 1·788 0·827 0'995 1'373 1'818 
0'3 1·479 1'621 1·788 0·811 0'995 1-340 1'824 
0'35 1·453 1·611 1·789 0·795 0'994 1'309 1·827 
0'4 1·428 1'602 1·788 0·779 0'994 1·280 1·833 
0·45 1·403 1·595 1·787 0·764 0'993 1'253 1'836 
0·5 1'381 1·588 1·786 0·749 0'993 1·228 1·845 
0·55 1'360 1·582 1·785 0·737 0'992 1·206 \·846 
0'6 1'343 \·576 1·783 0·726 0'992 1-187 \·850 

The diffusivities are quoted in 10- 9 m 2 /s. Da = IX(DO + Lli + Ll2 ) + 2(1 - IX) D12; W = 
= 1 + din Y:l:/d In m = ~ + d~/d In m; D = DaWH"o I,,; H= 1 + 2mMw(DwIDO - h)/103 ; 

Dna = (DO + Lli + ..12 ) WH"O/,,; f= Dlw. For me (0'1, 0'6), 1'004 < H < 1'029. Values 
of constants used in the ca1culationss : RTIF2 = 2'6612.10- 7 n mol s-\ j( = (8Ne2 11103 

kT)I/2 = 0'3291 .Jc; M = 122'549; rK + = 1'33.10- 10 m; rCI03- = 2'88.10- 10 m; a = 
= rK + + rcJO,-; Mw = 18'0153; ,,0 = 0'8903 cP; a = 4·21 . 10- 10 m; l? = lO(K +) = 73'5 . 
. 10- 4 cm2 n- I mol-I; 19 = lCI03- = 64·6 cm2 10- 4 n- 1 mol-I. 

FIG. 2 

Illustration of sensitivity of the concentra
tion dependence of diffusivity of KCl03 

in water to the value of hydration number 
It according to Eq. (3) with IX = 1 
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steps with increase in the atomic number of the cation. The rubidium and cesium 
salts, on the other hand, show only slight increases in diffusivity relative to potas
sium salts. If the differences in diffusivity are due mainly to the degree of hydration 
it may be concluded that the K +, Rb + and Cs + ions are hydrated to approximately 
the same extent. Assuming that the degree of hydration decreases and that a negative 
hydration number represents a physically unreal situation31 ,33-35, we may take 
it that starting from potassium, h = O. It should be pointed out, however, that other 

TABLE V 
s 

Coefficients of polynomials of the form f(x) = L aj x(j - 1 )/2, 0'1 < m < O' 7, representing data 
i=1 

for various properties of aqueous solutions of KCl03 at 25°C. The density of aqueous solution 
of KCI03 was expressed as Q(p) = 0'9972 + 0'0064p or in the equivalent form Q(m) = 0'9972 + 
+ 0'64m/(m + 1 OOO/M). The conversion from the molality to molarity scale was made using 
the relation c(m) = Q(m) m/(1 + mM/1 000) 

Property x s al a2 a3 a4 as (~~) 

--~-

IX C 4 1'0014 -0,7508 0·75708 -0'41299 0'09 

"/'10 m 3 1'0008 -0'00875 -0'00408 

t/J m 4 0'96978 -0'17172 -0'02027 -0'01742 0·06 

I± m 4 0'9572 -0,7829 0'44427 -0,16304 0·1 
W m 4 0·8391 0·50697 -1,4615 0·8007 0·17 
W m 5 1'0337 -1'0111 2·770\75 -4,2269 2'\6033 0'01 

TABLE VI 

Limiting diffusion coefficients of aqueous solutions of some alkali metal, silver and ammonium 
salts at 25°C (in 10 - 9 m2 /s). The values were obtained from the Nernst equation DO = (RT/ F2) . 
. (VI + v2) AYA~/[Vllz11 (AI + ).2)] using limiting equivalent conductivities given by Robinson 
and Stokes5 

-----~~---

Ion F- CI- Br- 1- NO] CIO] 10] CIOi lOi OH- sol- CO~-

Li+ 1·212 1'366 1'377 1-369 1'336 1·288 \'053 H08 1·204 1·72 1'041 0'991 
Na+ 1·400 1-610 1-625 1'614 1·568 1·501 1·193 1·529 1'390 2'13 1'230 1-611 
K+ 1-681 1·993 2'016 1'999 1'929 1'830 \'391 \'871 1·666 2'86 1·529 1·424 
Rb+ 1·722 2'051 2·075 2'058 1'983 1·879 \·419 1·992 1·707 2·97 1·575 1·463 
Cs+ 1·717 2'044 2'068 2'050 1'986 1·873 \·415 1·9\5 \'702 2'96 1·569 1·458 
Ag+ 1·556 1'819 1'838 1·825 1·765 l'E82 \'304 \·7\7 1·543 2·5\ 1'393 1'305 
NHt 1·682 1'994 2'016 2·COO 1·929 \·83\ \'39\ \·871 1-667 2'86 1·530 1·424 
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considerations lead to a markedly higher estimate of the radius of hydrated potas
sium ion compared with the crystal and Stokes ionic radii (Table VII taken from 
Nightingale36). 

FIG. 3 

Plots of diffusivity against concentration 
for chlorates. 0 LiCl03, (Campbell and Oli
veri 0); () NaCl03 (Campbell and Oliveri 0); 

• KCl03 (this work); 0 KCl03 (Kozlova 11) 
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Plots of the activity term W against con
centration for chlorates in aqueous solu
tions. 0 LiCl03 (Campbell and Oliver1o); 

() NaCl03 (Campbell and Oliver1o); • 

KCl03 (Robinson and Stokes5) 
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Fitting experimental data for the concentration dependence of diffusivity to Eq. (3) 
for h = 0 has yielded D12 = 0·887 . 10- 9 m2/s. The position of the curve por
traying the function D(m) defined by Eq. (2) or (3) depends very strongly on the value 
of D12 (Fig. 1). Once again, the known observation10•31 has been confirmed that the 
D(m) values are not very sensitive to the values of the parameter a. 

Fig. 3 shows plots of D as a function of concentration for all the three chlorates. 
In Fig. 4 are plots of activity coefficient against concentration; for all the three 
salts, the plots essentially follow the shapes of the D-m curves. From Tables III 
and IV it is seen that as for other saIts5 ,6, the values of the so-called thermodynamic 
diffusion coefficient, f = Dlw, for aU the three chlorates are considerably less con
centration dependent than the diffusivity D defined by Fick's law. Considering the 
simplifications made in deriving Eqs (2) and (3), the agreement between the experi
mental and theoretical dependences of diffusivity on concentration may be regarded 
as satisfactory, particularly for the purpose of predicting the shape of the concentra
tion profile from a few experimental values. On the other hand, the predictive power 
of Eq. (2) is somewhat restricted by the strong sensitivity of D(m) values to the para
meters hand D 12 • As only a few systems have as yet been treated in this way, it is 
premature to assess the usefulness of Eqs (2) and (3) in correlating diffusivities as 
a function of concentration. For partly associated and at the same time strongly 
hydrated electrolytes, however, it would be useful to obtain information about 
the parameters hand D12 by other, independent approaches based on more realistic 
models of ion hydration and ionic mobility. Optimization techniques by themselves 
may lead to good agreement between theoretical and experimental values of diffusivity 
for a wide range of acceptable values of the parameters hand D12 • 

Further measurements will be carried out to elucidate the causes of the discre
pancy between data obtained by the Taylor dispersion method and by the diaphragm
-cell technique. It is interesting to note that very accurate measurements of integral 
diffusion coefficients have been made which do not lead to satisfactorily accurate 
differential values34.In principle, it is also possible that dielectric inhomogeneity of the 
boundary layers of solution in a diaphragm ceU plays such an important role that the 
measurements of diffusivity in electrolyte solutions by the diaphragm-ceU technique 
cannot give results comparable with those obtained by methods in which this effect 
is not involved. This problem has not, to our knowledge, been satisfactorily resolved 
although the wide application of the diaphragm-ceU technique to measurements 
of diffusivities in electroplyte solutions makes such an effort worthwhile. 

APPENDIX 1 

Quantitative characteristics of the apparatus and evaluation of criteria according to recommen da
tions given by Alizadeh and coworkers32 
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Parameters of the apparatus: 

Capillary: 
Length L 2·80m 
Inner diameter d 1·50mm 
Loop radius Rc 0·25 m 
Volume Vc ~ TCd 2 L/4 49481·tI 

Measured diffusivities I 4GO- 16GO Ilm2/s 
Sample volume V. 

1 5 III 
Cell volume V r 8 III 
Volume flow rate 20 ml/h 
Mean velocity V 3·144 mm/s 
Mean time I 890 s 

J) In order for the capillary curvature to be negligible, the conditions De2 Sc < 20 and 2Rc/d ~ 
~ 100 must be satisfied. 

De ~= Re(d/2Rc)1/2 = 0·257; De2 Sc: ~ 0·032125 X 500 = 16·06 

Re = (/Vo/" = 4·7 

2Re/d = 333·3 

Sc ~~ ,,j(ClD) = 500 

Thus, both the conditions are satisfied. 

2) Requirements of laminar flow: Re < 2000, Pe :.> 700, S> 10. Pe = d. V/(2D) = 1290 
to 1 700; Re ~ 5; S = 2·2 to 2·9. Thus, the first two conditions are fulfilled. For S, the original 
indefinite theoretical inequality S > I was empirically extended by Giddings and Seager25 

to S > 3·5, and later by Alizadeh and coworkers32 to S ~ 10. For our apparatus, S ~ 2·2 
\Vas found to be a sufficient condition. 

3) Corrections of the first two normalized momcnts Ofj and oat for the following departures 
of the apparatus from ideality: 

0) finite width of pulse: 

Ofi = -(L/V) V;/2Vc ~ -0·45 

oat = -(L/ V/ (V;/ vj = - 0·793 

b) mixing 01 the refractometer cell contents: 

Olj = -(L/ V) [31"- Vr / Vel· 22·22 

oaf = - (L/ V)2 {I 3F - (Vr/ Ve)2 - ( Vr / Ve) 2F} 

F = Vd 2/(192LD) ~~ 0·00877 

c) correction for the effect of the connecting refractometer capillary of length Lr and radius ar : 

ori = (Lr/ V) (dr/d)2 {I -j (d /dr/ (LF/ Lr) [I -1-

+ (dr /d)2J) =- 0·4242 

oat = (Lr/V) (dr/d/ {(2LF/L rJ (d/dr)2 + 
+ (dLF/drLr)2 [3(dr/d)2 + 21} ~~ 1·5. W-- s . 
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The evaluation is made using the corrected values Ii = ie + 401i; a; = a; + Loaf. The 
1 i 

p-th moments defined by !1p = (L/ V)p Ig' TPC dT/ Ig' edT may then be expressed as 

Jil = Ii = (L/V) (1 + 2F) .... ~ toT 

Ji2 = (L/V/ [If 6F + 12 F2] 

2F+ 8F 2 
a~ = (L/ V)· 2 (2F -+- 8F2 ) = ---- 1.2 

1 • (I + 2F)2 1 

Vd 2 2 -2 J -4 -2 2 / -2 2 F = --- = 2a; - tl + (ti + 4ti 0"1) (8tl - 4al ) 
192LD 

d 2 JO + E) + 3 
D = 96; J(l+ E) +-£/2=1 11: + ! J(I - °a)] , 

whereE = 4aUil andoa = 12·79977F. 

If Dt/d2 > 2'S, the value of D may be estimated to an accuracy of 1% from the simple relation 

D = d 2i;/960"f . 

APPENDIX II 

Evaluation of the limiting diffusivity and its electrophoretic corrections 

1) The limiting diffusivities are obtained from the expressions - 7 

The limiting equivalent conductivities ;.p of the individual ions are available, for example, 
in a book of Robinson and Stokes 5 . 

2) The electrophoretic correction terms A 1 and ,12 for 1 : 1 electrolytes are given byS.6 

kT 0 Q 2 X 6 Ie 
Al = - - (12 - tr) ~. -S'07 .10- T __ --''V'--_ 

6ft,! 1+ xa 1+ 0'3291a Je 

,12 = -- -- (xa)2 --- Ei(2xa) = 8·77 .10 21 tP2(xa)/a2 kT e2 (exp (xa»)2 _ 

12ft'! ekT I + xa 

3) Evaluation of the integral exponential function and of the function rP2 = x 2 [exp x/(I + x)]2 

. Ei(2x) 

The evaluation is accomplished simply and rapidly by using the polynomial 

For x in the interval (0'5, 1'8), the maximum relative error in the obtained values Is less than 
0'1%. 

b 1 = -0'0116962 

b2 = 0·2429208 

b3 = -0,2146649 

b4 = 0'0881460 

bS = -0'0143819 
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The calculations were performed using an algorithm for evaluating the integral exponential 
function Ei(p) in the form 

k 

Ei(p) = -0·577 215665 - In p + p - p2/4 + p3/18 ... (_I)k+ 1 -p- , 
k. k! 

t he summation being terminated at terms smaller than 10 -7. 

LIST OF SYMBOLS 

a 

De 
D12 
D., Dn• 
DO 

Dw 
e 
E = (2aJi j /, 

/= Dlw, 
F 
h 

H 
L 
m 

M 

Mw 
nw 
n. 
N 
p 
p ~~ X - Vt, 

Pe = aViD, 
r 

r, 

rh 

Rc 
Re = 2aVQII1, 

S = DI!a2 , 

I 

I? 
T 

mean distance of closest approach of ions5 

coefficients of fitting polynomials 
coefficients of polynomial in Appendix II 
molar concentration 
initial concentration 
diameter of measuring diffusion capillary 
diameter of refractometer capillary 
differential diffusion coefficient 

measured value of diffusivity 
diffusivity of ion pair 
defined in Table VII 
limiting Nernst diffusivity 
self-diffusion coefficient of water 
electron charge 
defined in Appendix I 
thermodynamic diffusivity 
Faraday constant, Appendix II 
hydration number in Eqs (2) and (3) 
hydration term in Eq. (3), Table N 
length of measuring diffusion capillary 
molal concentration 
molar mass of salt 

molar mass of water 
number of moles of water 
number of moles of salt 
total of measured points 
concentration (weight per cent) 
coordinate 
Peclet number 
radial coordinate 
crystal ionic radius 

Stokes ionic radius 
effective radius of hydrated ion 
radius of capillary loop 
Reynolds number 
dimensionless time (Fourier number) 
time 
limiting transfer number 
absolute temperature 
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V mean velocity of flow in capillary 
w= 1 + dlny±/dlnm, activity term 

Z quantity proportional to measured concentration 
Z I cation charge 
IX degree of electrolyte dissociation 
P slope of linear plot according to Eq. (4) 
y± mean molal activity coefficient 

dielectric constant of solvent, Appendix II 
correction term 
electrophoretic term defined in Appendix II 
limiting equivalent conductivity 
osmotic coefficient 
viscosity of electrolyte solution 
viscosity of pure solvent 
specific mass 
term proportional to ionic strength, Appendix II 
stoichiometric number of ions in electrolyte molecule 
number of cations in electrolyte molecule 
number of anions in electrolyte molecule 
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