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by 

Edward S.   Amle 

ABSTRACT 

In the deriv.tior. of equations for the effect of 

the dielectric constant of the medium upon reaction 

rates the use of Cculcmblc energy rather* than Coulombic 

free energy \R obtained from the electrostatic fcrce" 

equation is Justified the^mcdyr.amlcally In constant 

dielectric ccn-tar.t media. 

The nature of the electrostatic effect with 

respect to whether the effect was favorable or unfavorable 

to the r.„te process Is discussed for certain selected 

conditions and reactant types. 

The integration of the force equation 

P a - j     f dr 
'r 

gives free  energy,   F.     Amis  (1,2,3)  has considered the 

1. Amis,   Edward S. ,   J.   Am.   Chem.   Soc,   63,   1606 (1941) 

2. Amis,   Edward S. ,  J.   Chem.   Educ,   29,  337  (1952) 

3. Amis,   Edward S.,   ibid.,   30,   351  (1953) 

equation to  e:ive energy when the f_rce,   f,   wac  used as 

Coulomb's fece involving ions and ions,   ions  .-.nd 
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dlpoles or dlpoles and dlpoles when reacting in media of 

cor.stv.nt dielectric constant. 

This pape~ proposes to shew that In medl-; of constant 

dielectric constant, the change of Coulcmblc free energy 

with dielectric constant Is equivalent tc change of 

Cculorabic or.ergy with change In dielectric constant.  Thus 

the derivations cf the rate equations was correctly 

inte preted as being based on Coulombic energies. 

Cculomblc free energy F0> for bringing an Ion of 

charge Z-^6 from.-- to a distance r cf an ion of charge 

Zgr, Is found by inserting in the Integral 

Fc = -«  f dr (1) 

the Cculomblc expression fcr the force f between the 

ions, namely, 

f = zle-zZ6 (2) 

and Integrating the resulting equation thus 

F »- *****   f*    dr . yZgg 
D ;        r^     ~3r~ <3> 

The difference  in Coulombic  free energy fcr 

performing  the  above operation on a mcle cf  Ions  in a 

medium of dielectric constant  Dp as compared to 

oper. ting in a medium cf  dielectric  const nt D-,   is given 

DV t.h*> eciuatior 

&K - —x 2     i  - I c r \?2 ~ °r <*> 
where N is   Avagadro's number. 

The free energy change AFD fcr a process involving 

the ions in a medium cf dielectric constant Dp is equal 

to  the free  enerty  change AFp,   for  the process  in 
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medlum of dielectric constant  D,   plus  the  ch\nge  lr. 

Coulomblc  free  energy AF    in  transferring the process 

from medium 1  to medium 2,   thus 

AFDi  =AFD2+AFC (5) 

and  a like  expression holds for  the other  thermodynamic 

functions,   for Instance 

ASj^ =AsD+Asc (6) 

and 

^ED2=^VAEc (7) 

Now 

AF =.AH - TAS (8) 

and f-r  •. process  in solution where the ch-.r.ge of volume 

Is   negli gable 

AH = AE+pAV =AE (9) 

Therefore  In solution 

AF -4E -TAS (10) 

We  h.'.ve  from   Eq.   (5)   and  (10) 

A\ " TASD2 ~AED1  ~ Ta5V'vEc  ~ T"Sc     (11) 

But  for chemlc  1 rate procennes  carried out  In  solvents 

cf ccr.Rt.-.nt dielectric  ccr.at.-.nt v;o  hove  (4)   fcr  the change 

4.    Laivle-,   Victor K. ,   J.   Franklin  Inrt. ,  225,   709  (1938). 

of  entropy As    due  to  Coulomblc  effects 

and therefore from  Eq.   (6) 

TASn    =  T4Sn (13) 

Thus  f-cm Eq.   (11),   (12),   and  (13) 

AEn    = AEniAE. (14) D2 D1      c 
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;1KO  f~cm  Eq. (10) • r.d  (12) 

Ap = _LE„ - TAS„ =AE„. c c             c           c 

,nd using Eq. (14J -.r.d  (15) 

and 

(15) 

(16) 

Ir. the c.\se of ionic react.-.ntc in solution then 

k'D    =  Z  e -   A% 
2 RT 

log k'       s log z - ^2 
2 2.303  RT 

log  Z - AEDi AEL 

2.503 RT       2.303  RT 

(17) 

(18) 

But 

therefore 

log k'       = log  Z -AEE>i 

2.303 RT 

log k'       - log k'       - ^ Ec 
Dfe -       Dx       2.3C3 RT 

(19) 

(20) 

Substituting the expression forAE    from Eq.   (16)   into 

Eq.   (20) ,   we  h:.vo 

log  k'       = log  k' 
»2 D, 

N  Z±Z9j
2   /j 

2.303 RTr D ~ T> 

\ .. 
\ (21) 

v2       V 
and  if dielectric  constant D    Is   t.-.ker. as  a reference 

dielectric  canot.--.nt with  •. v.lue   -f  Infinity  :.r.d  If D, 

is  t.-.ken .-.r. any dielectric  ccn.-t.--nt  D,   we  h.-.vo frcm  Eq. 

(21);  ^.nd rememb ring  th..t N/R ~ l/k 

log k'D_D  = log k'D_ *\Z?t' 

2.303 kTrD (22) 

as was  given by  Amis   (5). 

5.      Amis,   Edward  S. ,   J.   Choir..   Educ,   29,   337   (1953) 
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Simii-.r cor.r.lder.- tions .--pply to the deriv tior.s of the 

equations for the dielectric constant effect upon the specific 

velocity constant of reactions between Ions and dlpoles and 

between dlpoles and dlpoles (6). 

6.  Amis,  Edward S. , J. Chem. Educ., 30, 351 (1953) 

In the equations for the different charge type combi- 

nations cf reactar.ts It proves permissible tc acc.ur.t for the 

effect upon re-ctlon r.ates of electrostatic forces by taking 

Into account the charge rl.er.s of the lens -.nd tc reg-rd the 

momer.tr, of d4->oles as having only magnitude r-.nd no sign. This 

seems hard tc visualize '"'nee -.Ithough tne overall charge on a 

dlpcle Is zer:: -.nd its sign neither positive nor neg* tive, yet 

there are positive and r.eg tlve centers of charge In a dipole 

and It seem;-, reasonable that an ion would approach a dipc? e from 

an electrostatically favorable direction, that is, a positive 

ion would preferentially approach the negative end of a dipole 

and ;,  negative len would preferentially be attracted to 

positive end of & dipole. 

The equation derived by Amis (6) for the effect of the 

dielectric constant cf the medium upon reactions between ions 

and molecules-', is 

kk,D.D:i^Wl^- • (23) 

The predictions cf this equation, consloering only the 

magnitude cf the dipole moment,,^, cf the molecular reactant, 

hr^s been found to \sree wl th d- ta In the case cf the reactions 

of the positive hydrogen-ion with sucrcse (6), the negative 



hydroxlda' Ion with diacetor.e alcohol (6), the negative 

hydroxide lor. with methyl propi jr.atc (7), the positive 

hydrogen lor. with methyl propionate (8), the positive 

7.  Qulr.lar., John E., and Amis, Edward S., Data net yet 
presented fc^ publication. 

8.  Hockersmlth, J-.mes Lee, and Amirs, Edward 3., Anal, 
Chim. Act.-., 9, 101 (1955). 

hydrdgen ion with ethyl acetate (9) and th•••  negative 

9.  Nair, P. Madhavar. and Amis, Edward S., Anal. Chim. 
Acta 9, 111 (1955) 

thl08ulfate len reacting with ethyl bromomalon&te (10) 

10.  Breach, Wiiscr. J., and Am-.-, Edward 3., accepted 
for publication in J. Chom. Phys. 

The **atefl of thi reaction.- involving the positive Ionic 

reactants decrease with ir.creasing dielectric constant 

while th- rates of the react ens In which negative ^onlc 

roactant? occu" Increase with increasing dielectric 

const'.r.t cf the media.  Furthermore the plots of log k-! D=D 

v T8us l/D are straight lines, the magnitudes -f the 

slopes of which, when their nigr.8 and the chars* a  Ign cf 

the lor.a are accounted for, yield reasonable molecular 

dimensions for th parameter r, which is supposedly the 

distance cf approach cf reactants fwr reaction to occur. 

Electrostatically tho above phenomena might be 

explained as follows.  A positive ion tends to approach 
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tho negative end cf .-. molecule.  There is an attractive 

f:"co operative which is diminished by an increase of the 

dielectric const-.nt.  Thus the rate of the reaction 

decreases as the dielectric constant increases.  Apparently 

the c-.tlcn roactant tends to -pproach the dipolar roactant 

f~cm an electrostatic-lly favorable d1r,octlon.  In the 

case cf the negative Ionic roactant, If the ease of approach 

of the Ion tc th„- molecule Is the factor which governs 

the electrostatic Influence on the reaction rate, the 

approach wf the Ion to the dlpcla," molecule would have 

to be elect--statically unfavor bio f„r the -ate tc 

Increase Mth increase of the dielectric constant. Because 

whether favcr-.blo ^r unfavorable the elect"-:static force 

which determines the ease of approach cf twe electric 

charges, would decrease with Increase cf diel^ct-ic 

constant, and a decreased Influence cf an unfavorable 

approach only could account for an increase cf rate 

Let uc now consider the reaction cf a dlpcla~ mcle- 

cule with a dipolar molecule.  La'die" and Eyrlng (11) 

11.  Laldlo", K. J. , -.n- Eyr.lng, H.nry, "The The ."y cf 
Rate Pr-.cesses," McGraw-Hill B.ck Company, New York, 
1941, p. 442, 

summarize the dielectric constant effect upen such 

react'one by indicting an increase _f reaction rate 

with increasing dielectric constant.  Their equation which 

gives the influence .. f dielectric constant upon the 

reaction rate for dipol-.r m.loculo-dipcl&r molecule 

reactions is (12) 
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muBt be an unfavorable one and the dipcla- molecule 

rcactar.ts must approach each ctb.r from ur. electrostatically 

unfavorable- direction if approach Is the ccr.trcllirig 

electrostatic effect. 

Also In the Amis equation (6) for dipolar mclecule- 

dlpola^ molecule reactions, r.amoly, 

in k'   = in k'  _ - 2"l!t'g, 
D=D       D - -  Dk TrS (25) 

the electrostatic term 1B preceded by a negative sign and 

must decrease In absolute values as D increases f.r 

In k:' TJ=D tc Increase with increasing D. Thus •gain the 

electrostatic effect is unfavorable and the dipolar 

reactar.tr. must approach each other from an electro- 

statically unfavorable d.rection if approach is the 

governing electr.static eifedt. 
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