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thermostated cell compartment and 1 .OO-cm matched quartz 
cuvettes. Distilled water was used as the blank for all mea- 
surements and absorbance measurements were always made 
at 596 nm with a spectral band-pass of 0.3 nm. Specie1 care 
was taken to assure that thermal equilibration and readings 
were made only after absorbances were stable for at least 3 
min. 

Acknowledgment 

We thank Professor Lowell M. Schwartz for several helpful 
discussions and his assistance in the preparation of this man- 
uscript. 

Roglrtry No. Amantadine hydrochloride, 665-66-7. 

Literature Cited 

(1) Whitley, R. J.; Alford. C. A. Annu. Rev. Microbiol. 1078, 32, 

(2) Hamed, H. S.; Roblnson, R. A. Trans. Faraday Soc. 1040, 36. 973. 
(3) King, E. J. J .  Am. Chem. Soc. 1051, 73, 155. 
(4) Roblnson, R. A.; Stokes, R. H. "Electrolyte Solutlons", 2nd ed.; Butter- 

worths: London, 1965. 
(5) Larson, J. W.; Hepler, L. G. In "Solute-Solvent Interactions"; Coet- 

zee, J. F.. Rltchie, C. D.. Eds.; Marcel Dekker: New York. 1989. 

285-300. 

Received for review October 19, 1982. Accepted March 7, 1983. The fi- 
nancial support of the Natlonel Institute of General Medical Sciences. U.S. 
Public Health Service (Grant No. GM 28004), Is gratefully acknowledged. 

Transference Number Measurements in Aqueous Solutions at 25 C. 
1. Sodium Iodide 
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Cation and anion transference numbers for aqueous 
solutions of NaI at different ionlc concentrations are 
determined by uslng the moving-boundary method. The 
values of the ionk transference numbers at each 
concentration of NaI are verlfied through the value of 
thelr aim. The small veriatlon with the NaI concentration 
of the transference number obtained is attributed mainly 
to the variation of the eiectrophoretk effect, in accord 
with the DebyeHuckei picture. The limiting cation 
transference number, T + O ,  is calculated by employing the 
various Fuoss-Onsager (FO) and PHts (P) equations. 
Llmitlng ionic conductances, A,', are also reported. 

Introduction 

Ionic transference numbers can be used to understand the 
ion-solvent interactions in electrolytic solutions. Nevertheless, 
only a few experimental data of such parameters have been 
reported, even in water, it being necessary to resort to the 
utilization of limiting ionic conductances for their calculation. 

This paper reports the transference numbers for NaI in water 
at 25 OC, obtained by measuring both the cation and the anion 
transference numbers at different concentrations of salt to 
contribute to a better knowledge of electrolytic aqueous solu- 
tions. 

Experimental Section 

Apparatus. The apparatus to detect and follow the moving 
boundary has been described in a previous paper from this 
laboratory ( 7 )  as well as the fallingboundary cell employed. In  
the cation runs a silver electrode was used as the anode in the 
closed compartment whereas an electrolytic cadmium electrode 
was the closed anode in the anion runs. In all runs, a platinum 
wire was used as the cathode in the open compartment. 

Reouits and Discussion 

I together with the current Interval employed. 

calculated from (2, 3) 

The transference numbers observed are presented in Table 

The volume correction at each concentration studied was 

ATvd = C.AV 

where A V  is the volume change per faraday between the 
closed electrode compartment and a point in the leading solu- 
tion. These corrections are given In Table I and are added to 
the values observed in the anion runs but subtracted from those 
in the cation runs. 

In  the cation runs (C2H,),NCI04 was used as following elec- 
trolyte and their volume increases per faraday were calculated 
from 

A V +  N 4°(AgC10,) - P(Ag) + 4'(Et4NI) - 4O(Et4NC1O4) - 

where 4 (Et4NI) and 4 (Et,NCIO,) have been replaced by their 
4 O values. 

T+(NaI) 4WaI) (2) 

C/?em/ca/s and sduflons. NaI (Merck Suprapur) was dried 
in Vacuo at 150 OC for 72 h before use. Mer& analytical- 
reagentgrade NaOOCCH, was recrystallized twice from a 

In  the anion runs NaOOCCH, was used as the following 
electrolyte. The volume Increase per faraday for these runs 
was given by 

saturated aqueous solution. (C,H,),NCIO,, for polarography, 
was SUDDII~~ bv Carlo Erba and recwstallized once from a AV- j/24°(Cd12) - 1/2V(Cd) - T+(NaI) @(NaI) (3) 

methanbi-wate; mixture. All the chemicals Were stored in a 
desiccator over P205. 

C o d u c t W - ~ d e  water with a specific conductivity KO = 5 
X io-' 0-' cm-' Was used as solvent. The solutions Were 
prepared by weighing and correcting to vacuo each of the 

where 4(Cd12) has been approximated to its 4 0  value. The 
values used for O(Ag) and P(Cd) were 10.3 and 13.0 cm3 
MI-', respectiiety (41, and the apparent partial molar volumes, 
$(NaI), were determined at each concentration from 

components. 4 = 35.10 + 1.346C1'2 (4) 
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Table I. Transference Numbers Observed and Corrected for NaI in Water at 25 "C 
104. 104. 

c, M current, mA T+ T- ATvo1 AT901 (T+)co, (T-lcor Z(Tt)cor 
0.019 93 0.71-0.99 0.388 5, 2.4 1.2 0.3884, 1.000 5, 

0.029 88 1.01-1.20 0.388 0, 3.6 0.8 0.3877, 1.000 4, 

0.049 77 1.49-1.70 0.387 0, 6.1 0.5 0.3865, 1.000 5, 

0.074 58 1.94-2.30 0.385 9, 9.1 0.4 0.3850, 1.000 0, 

0.51-0.80 0.611 7, 1.2 1.8 0.612 0, 

0.79-1.11 0.612 3, 1.8 1.2 0.612 6, 

1.30-1.62 0.613 6, 3.0 0.8 0.614 0, 

2.07-2.42 0.614 4, 4.5 0.6 0.614 9, 
0.099 36 2.91-3.16 0.385 9, 12.1 0.3 0.3847, 

0.615 8, 2.69-2.92 0.615 2, 6.0 0.5 
1.000 6, 

Table 11. Summary of "Best" and Limiting Cation Transference Numbers for NaI in Water at 25 "C 

T+" a, a 
c, M T+ P O ) ,  PO), (P) (FO), (FO), (PI 

0.019 93 0.3882 0.3937 0.3945 0.3937 8.3 4.7 8.1 
0.029 88 0.3876 
0.049 77 0.3863 
0.074 58 0.3850 
0.099 36 0.3845 

as has been proposed by Scott (5). 
The solvent correction, calculated from ( 4 )  

is given in Table I. Their values were determined by using 
K(Na1) obtained from the equation 

A = 126.55 - 89.2C"2 + 46.44C log C + 281.8C (6) 

proposed by Lasseile et ai. (6) for Ka I 0.2, K being the Debye 
parameter. When KB > 0.2 the linear term in C was not con- 
sidered. 
The T, for both ions, with the vdume and solvent correction 

applied, are also presented in Table I.  Since cation and anion 
transference numbers were measured, the unit value of their 
sum was verified as a validity criterion, the "best" T value being 
calculated from this sum. An inspection of these optimum 
values shows that they are influenced by the concentration of 
the electrotyte, diminishing as this concentration Increases. This 
small variation (less than 1 % between 0.02 and 0.1 equiv dm3) 
should be mainly understood, in accord with the Debye-Huckel 
theory, as the resuit of the variation, due to the change of the 
ionic atmosphere size, of the electrophoretic term modifying the 
ion motion, and to a lesser degree as the result of changes in 
the structure-breaking character of the Ions as the concentra- 
tion varies. 

The electrophoretic term was determined by applying the 
1957 Fuoss-Onsager (FO), equation, the 1963 Fuoss-Onsager 

(FO), equation, and the PmS (P) equation to these best values 
(7). The T+' values obtained are summarized in Table I1  
together with the values of the parameter B from which they 
are calculated. 

The T+' value obtained from (FO), is equal to that obtained 
from (P) and both differ from that of (FO), in about 0.2 unit 
percent. The values of parameter a are very high In (FO), and 
(PI, but In (FO), it agrees weH with the values obtained for other 
sodium halides (approximately 5 A). We have, therefore, 
conducted that the (FO), theory fits adequately the experimental 
data in terms of both the T+' value and physical reasonable- 
ness of the a value. 

The ionic conductances Xo(Na+) = 49.92 Q-' cm2 equiv-' 
and X'(I-) = 76.63 S2-l cm2 equiv-l were obtained from T+' 
= 0.3945 and A'(Na1) = 126.55 Q-l om2 equiv-i (6). 

RogMry No. NaI, 7681-82-5; Na', 17341-25-2; I-, 20461-54-5. 
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