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kcal-mole - 1 ci ted above, Davis has es t imated f rom his 
equil ibrium da ta (1) a s t reng th of 4 kcal-mole - 1 for the bond 
between T B P and H 2 0 (19). Whether the existence of such 
a weak complex can safely be ignored may depend upon (a) 
the relative s t rengths of T B P bonds to other l igands in a 
given system and (b) the crudi ty of the d a t a t o be ex-
plained. 
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Reply to Preceding Letter "On the Existence of 

Tributyl Phosphate Monohydrate" 

The conclusions based upon the da t a of ref. 1 (ref. 3 of 
Let ter ) were: 

(1) Water t r ans fe r s in to TBP-hexane solvents wi thout 
the restr ict ion of a slow chemical conversion s t ep (such as 
T B P + H 2 0 - + T B P H 2 0 ) . 

(2) Concerning t h e possible diffusing species, t h e k inet ic 
d a t a were best cor re la ted by t rea t ing TBP-hexane in the 
same manner as several o ther organic solvents inves t iga ted . 
I t was not necessary t o single out T B P f rom the o ther sol-
vents by assigning t o the diffusing species t he specifically 

hydra ted formula T B P H 2 0 . If t he d i f fus iv i ty of water in 
T B P is es t imated by the same methods applied to the 
reference solvents isobutanol , e thyl ace ta te , fu r fu ra l and 
chloroform (i.e., by assuming t h e diffusing species to be 
(H20)4 in t he Wilke-Pin Chang re la t ion) , t he resulting cor-
relat ion is consis tent for all solvents to wi th in experimental 
error. If t he diffusivi ty of water in T B P is es t imated by 
pos tu la t ing the diffusing species T B P H 2 0 , the T B P sol-
vent resul ts a re separated f rom those of the reference 
solvents by amounts grea ter t h a n the es t imated accuracy 
of the me thod . 

Assuming t h e diffusing species in all cases (TBP-hexane 
and the reference solvents) to be a l ^ d r a t e d solvent mole-
cule does not yield a sa t is factory corre la t ion. The choice of 
(H20)4 as t h e t ransfer r ing species in water-as-solute diffu-
sion permi ts t h e Wilke-Pin Chang correla t ion to be used for 
es t imat ing t h e appropr ia te diffusivit ies. F rom the da ta 
given in ref. 2 (ref. 17 of Le t te r ) , th i s assumpt ion repro-
duces t h e measured diffusion coefficients to within 2-6% 
for e thyl ace ta te , 3-6% for isobutanol , and 7% for fu r fu ra l 
(excluding the fu r fu ra l da tum at 30°C, for which the error 
is 31%). If one a t t empted to reproduce these same da ta by 
assuming the diffusing species t o be a hydra t ed solvent 
molecule, t he diffusivities are underes t ima ted by 23-27% 
for e thyl ace ta te , 21-28% for isobutanol , and 20% for fu r -
fural (again excluding fu r fu ra l a t 30°C, fo r which the error 
is 46%). The hypothesis of diffusing hydra ted solvent 
molecules (in the reference solvents) was rejected because 
this model does not reproduce the measured diffusivities 
as well as t he est imates based upon (H 20) 4 . Even if these 
incorrect diffusivit ies were ut i l ized in computing the 
Schmidt numbers for the reference solvents , t he discrepancy 
between the TBP-hexane and reference solvent results 
would still be on the order of 25%. 

Util izing the experimental diffusivit ies for the reference 
solvents ins tead of those based upon the empirical es t imate 
would have had l i t t le effect. The ordinates of the reference 
solvent points on Figures 2 and 3 of ref. 1 would have been 
shif ted by fac tors of approximate ly the square root error 
in the di f fus ivi ty discrepancies ment ioned above, or ^ 1 - 3 % . 
The reference solvent points of Figures 2 and 3 cannot be 
budged by any postula te concerning the s t ruc ture of the 
diffusing wa te r ; all of the paramete rs which locate the 
position of these points have been experimental ly de-
termined. 

An unambiguous decision as to which diffusion coefficient 
is appropr ia te for TBP-hexane solvents mus t be deferred 
unti l t he diffusivi ty of water in these systems is actual ly 
measured. Lacking such informat ion, the most sa t i s fac tory 
way of analyzing the water extract ion d a t a is to t rea t T B P -
hexane in the same manner as the reference organic solvents. 

While the re undoubtedly is hydrogen bond interact ion 
between dissolved water and all of the solvents examined, 
the kinet ic d a t a indicate t h a t it is not s t rong enough to 
war ran t pos tu la t ing t h a t each diffusing water molecule 
carries along its own associated solvent molecule. 

The effect of whatever complexing occurs on the extrac-
t ion kinet ics is approximately the same for the T B P -
hexane and the reference solvents. 
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Effect of Temperature Variation on "Inter-

mediate-Resonance" Formulas 

The " in te rmedia te - resonance" formulas derived by 
Goldstein and Cohen (1) for effective resonance integrals in 
homogeneous systems have found wide acceptance as a 
means of in te rpola t ing between the extreme "na r row-
resonance" and " inf in i te -mass" approximat ions a t absolute 
zero tempera ture . However , there appears to be no reference 
in the l i te ra ture to the va l id i ty of applying these formulas 
to the determinat ion of effective resonance in tegra ls a t 
working tempera tures . The effect of t empera tu re var ia t ion 
is considered in th is note . 

Theoretical Background 

Neglecting interference sca t te r ing and the va r i a t ion in 
the reciprocal of the energy over a resonance, we m a y wri te 
the first and second order approximat ions to the effective 
resonance integral a t working tempera tures in the fo rm 
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where the nota t ion is the same as t h a t used by Dresner 
except t h a t 

ax = 1 

a\ = a-p/ao = Dresner ' s 

ax = Tapa/rna0 

and 

Xo = 2E0(1 - « ) / r . 

Equat ions (1) and (2) give, to first and second order re-
spectively, the " inf in i te -mass" approximat ion if X is pu t 
equal to zero and the "nar row-resonance" approximat ion 
if X is taken as un i ty . These extreme approximat ions m a y be 
combined linearly, following Goldstein and Cohen (1), to 
give 
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and J(0, ax) is the well-known func t ion t a b u l a t e d by Dres-
ner (2) and o thers . 

Equa t ion (5) may be used to give an in te rpola t ion pa-
rameter , ii, appropr ia t e for use in (3) or (4) a t any given 
t empera tu re . 

Numerical Procedure 

(i) Generat ion of tie, x) 
The line shape funct ion was obta ined by solving the 

differential equa t ion 

V (e, x) = \e4 - e2xf (e, x) - ±02(2 + 02 + ev) t (e, x), (6) 

where the pr imes denote dif ferent ia t ion w i t h respect to 
t he var iable x. T h e infinite range requi red for t he integrals 
was t r u n c a t e d to t he range x — — d t o x = d, and the 
range subdiv ided in to 2j equal s teps in x of wid th h. I t 
was necessary to choose d so t h a t Xo/h was exact ly an even 
integer n. 

Using the no ta t ion 
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where the " b e s t " value of I results f rom the choice of ju in 

the line shape func t ion was obtained f rom the following 
algori thm. 

i= j + 1 (center of resonance) : (7) 
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2j + 1 + n ^ i > j + 1 and Xi < 12/0: 
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