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COULOMB!' S LAW AND THE QUANTITATIVE
INTERPRETLTION OF REACTION RATES, III
by
Edward S. Anis

ABSTRACT

Ir the deriv:tior of equitions for the effect of
the dielectric constunt of the medium upon renction
rates the ure ¢f Cculombic ernergy r:the» thi.r Coulombic
free erergy s obtuined from the electraat:tic fcrcd
equntion is justified thermcdyn:micully 1ir ccrstunt
dlelect»ic ccrntunt medis.

The rnature of thc electrostiutic effect with
respect to whether the effect w:.s f-.vor:ble or unfu.vorable
to the r:.te process 1s discussed for certuin selected

conditicrns und reuctant types.

The integr:.tion of the fcrce equition
r
F=- ( f ar

s
gives free erergy, F. Amie (1,2,3) hu.s corsidered the

1. 4mis, Eawsrd S., J. &n. Chem. Soc., 63, 1606 (1941)
2. Anis, Edwurd S., J. Chem. Educ., 29, 337 (1952)
3. Amis, Edw:.rd S., 1btd., 30, 351 (1953)

equatior to ¢ive erergy when the firce, f, w.: used &n

Coulcmb!s fcwce involving <ors ond lons, 1ons :nd
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dipoles or dipoles ..nd dipoles when reucting ir media of
corst.nt delectric const:.nt.

Thie pi.pe~ proposes to shew th.ut ir medi: of constnnt
dielectric ccrst:.nt, the ch:nge of Coulcmbic free energy
with dielectric conatint ic equiv:lent tz chinge of
Cculombic energy with chi.rge in dielectric constant. Thus
the der!v:.tions cf the rzte equutions wus correctly
irte'preted us beinrg b:.sed on Coulombic erergies.

Cculombic free erergy F,, for bringing ar ion of
churge 2, ¢ from... to » dist.rce r ¢f :n ion of churge
Zo¢, 18 fourd by inserting ir the integr-sl

r

Fc = -1, f dr (1)

the Cculcmbic eip}essicn fer the force f between the
fons, n:mely,
¢ = 41726 (2)
Dre
urnd integruting the reculting equ-.tiorn thus
F= - Q& %¢ ‘:’r dr . Z3:20¢ :
D i .r? Dr (3)

e

The differerce in Coulombic free erergy fcr
performing the¢ above oper.tion on . mcle cf ions in &
medium of dielectric censtunt Dy us compared to

oper tirg in & medium cf dlelectric ccnst- nt Dy 13 given

ny the equrtion o
(4 N
AF = N 272,54 N
- r \5 Dy! (4)
2 N

where N is Av:g-.drc's number.
The free erergy ch-nge AFb fer & process involving
the icrs irn 7. medium cf dielectric ccretint D2 18 equul

to the free ererty chi.nge AFDl for the process in
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medium of dielect~ic constunt Dl plus the ch.rge in
Coulombic free erergy AF, in triurnsferring the proceas
frem medium 1 to medium 2, thus

AFDl =AFD2+AFC (5)
xnd & llke expression holds for the other thermodynamic

furnctlone, for instunce

ASn = ASp+As 6
wnd
AEDZ = AED:,AEC (7)
1
Now
AT 200 - Ths (8)

and f.r - procese in solution where the ch.rge of volume
18 neglig=zble

AH T AE+pV ZAE (9)
Therefore 1n sclution

AF =AE —~ TAS (10)

We h:ve from Eq. (5) ~.rd (10)

/\E:D2 - TASDg =AEp, - TaSp +AE, = Ta8, (11)

But for chemic 'l rute processes curried out in snlvents

cf cerstunt dlelectric censtunt we have (4) fer the change

4. LuMe-, Vict.r K., J. Prurklin Inst., 225, 7C9 (1938).

of entropyASO due to Coulombic effects

dg =8F | In Dl =
A8, _.T_o_ TnT| 0 (12)
srd therefore from Eg. (6)
TAS = TAS 13
D, Dy (13)

Thus frem Bg. {(11), (12), ird (13)
:IA_\ . 1
AED2 Ep AE, (14)
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#1eo f»cm Eq. (10) 'rnd (12)
AFC =iE, - TAs, ZAEC. (15)
wnd usine Eq. (14) -rd (15)
2
AEc = N2122( (O !-_
r D, ~ D, (16)
In the c:nse of lornic reuctintc in sclutiorn then
k'n =2z e- A
D — 2 (17)
2 HT
and
log k'D = log 2 - AEDQ
e 2.303 RT
= log T = AEDl _ AE,
2.3503 RT 2.303 RT (18)
But
log k' = log Z _ AEp,
1 PP
2.303 RT (19)
therefore
log k! = log k! - AE
D, - Dy E3CIRT (20)
Subctitutine the expression forzlEc from Eq. (16) irto
Eq. (20), we huve
2
log k' = log kip - N Z1Z €A1\
Do | 3Ca (5 ﬁ-.
\ 4
and if dielect~lc constunt D2 1c t:ken -r8 o rcference
dieclectric censtant with 0 v-1lug of Infirnity 'nd A7 Dl
18 t:ker :.s nny dlelcctric cenct-.nt D, we hove from Eq.
(21} =rd rememb rine thit N/R = 1/k
2
] = wl 25¢
log k D=D log & D=,ole 2 _

2,303 kKTrD (22)

ag weB given by Amis (5).

5. Amis,

Edw:rd S., J. Chom. Educ., 29, 337 (1953)
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Simil-r consider:tions :pply to the deriv tiors of the

equistions for the dielectric ccrst.nt effect upor the specific

velocity constunt of reucticns betweer ionrs :nd dipocles :nd -’

betweer dipoles :nd dipoles (6).

6. 4mis, Edwurd S., J. Chem. Educ., 3C, 351 (1953)

In the equ:tions for the different chirge type ccmbi-
nations cf re.ctonts 4t proves permissible to acc.unt for the
effect upon re:ction r:.tes of electrest:tic fcreces by tnking
irto :wccrunt the ch.rgs rigns of the tcrns 'nd tc reg rd the
momentes of &' wo0les 48 huving crly mugnltude -rd no ¢legn. This

ep 8 e
C Vidsu:

(o7
ct

eems har lize ninze -lthough the overrll ch:rge or 8

n

[o7)

Y

iprle 48 zer> -nd 1ts siznrn relther peositive nor neg tive, yet
there czre positive w.nd reg- tive centcrs of churge 1in - dipole

zid 3t cgeoms renscntble thut o lon wculd :.pprouch

o

un electrost:.tic:lly f-vor.ble directicn, th.t i, . positive
icrn would preferentiiully upprosch the reg:.tive end of ~ d'pole
wnd . regative icr wiuld preferentiully be :ttructed to
positive end of & dipcle.

The equs.ticr derived by Amis (6) for the effect of the
dielectric conetint ¢f the rmedlum upcn rewctlons betwecen icns

nd mclecules 18

_ 7 €A
t 1 P
Ie i - p = InKip o ¥ ppmpe— (23)

The predicticns cf this equotton, cocrrloering crnly the
mazritude of the dipole woment,.*, cf the mcleculnr resctunt,
hss8 boern found to -.gree w*th 4 -tue in the c:se ¢f the renctions

of the pontitive hyircgen-icn with sucrcse (6), the negutive

ipele frem
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hydroxidd ion with diucetore ulcohol (6), the neg:.tive
hydroxide 1or with methyl propi.n:i.te (?), the poeltive

hydrogen fon with methyl proplorate (8), the positive

7. Quirl.r, Johr E., :nd Amis, Edw.rd S., Duts nct yet
prescrted fcr publici.tion.

8. Hockersmith, J .mes Lee, znd Amis, Edward 8., Aanul.
Chim. Act:., 9, 101 (19505).

hydrdger lor with ethyl ucetute (9) .nd th- nregutive

9. N.'-i“, P. N!&dh:;v&n wnd AmiS, Edw:;l"d So, anul. Chim.
Acta 9, 111 (19&3)

thiosulf:.te 1cn rencting with cthyl bromomulonate (10).

1d. Bre.ch, VWilscn J., .rnd Am-:-, Edw.rd S., accepted
fer publicution ir J. Chom. Phys.

The »:ter of tho rcucticn.: inveclving the positive lonic
reosctonts decrense witn irnceroising diclectric constant
while th- r:.tog ef the rarct-cns in which rneg:tive tonic
resctante occu~ ircrease with increasing diclectric
cerst.nt ¢f the medi-. Furthermore the plets of 102 k' pap
v.rsus 1/D wrec str:.ight lince, tho mignituacs .f the
slopes < wnich, wher Thuetlr 2i1¢ns und th: churee i2n cf
the ions urce ncccurnted fer, yiceld ranscnublc mclecular
d'‘mcnsicrns for th por:.muler r, which 1s rnuppcecdly the
dist:nce ¢f aporcauch cf rceuctunts for reuctiorn to occur.
Elcctristuticully the sbive phencmen: might be

cxplained ws rcllows. 4 pesltive lon tonds to wpprsach
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the neg-t*ve ernd 2f . mcleculcee. There 18 'n :ttractive
f2rce oporstive which 18 dimintrh2d by :.r incranese of the
dlelect~ic ccrst-.rt. Thus the rate of the reaction
decrenscs .6 the dielectric cocret:nt incronscse. Apparently
the c.ticn rerctunt tends to -ppro-ch the dipolur rosctant
frem wr e¢lectrestntic-lly fuvor.bl: d4rcctiorn. In the
c:e¢ ¢f the regutive doric reuctunt, &f the cusc ¢f approuach
¢f the lor tc the molecule 1o the fictor which govorns
the c¢leetrest- tic influsnce or the rceaucticn rante, the
spprcach ¢f the ton to the dipel.~ melecule weuld have
ts bae cloctrust:iticnlly unfavor: bl fur th:s »:te te
increuse v1th ‘rercise of the dlelectric ccrstunt. Becuuse
whethoe fuves-Ble ar unfiverybl: the @l aet—sstet*e foree
which dvutermines thoe cuse of cpprouch ¢f twe clectric
chereas, v-ould decranse with irncrease cf dlclect-ic
cznstunt, -~nd : deocreusced ‘nflucnce zf »r unfuvcrable
uppro&ch crly c-uld acccunt fc» ar frnercisc cf rute.

Let ue new curesider thoe roencticn ¢f o dipcl:s- mele-

culc with « dipol:» m:lccule. Lendler nnd Eyring (11)

1i- Latdler, Be Je, ops Eyxrime, 5 pry, "Ch: The.my of
Rute Prcesscs," MceGriow-Hill B.ck Compuny, New Yerk,
1941, p. 442.

sunnmcrize the dYeleetric conitunt ¢ffeet upcn such
rexctcrs by indic:tirg irn increws.: _f roeactlicn rate

with ircre.eing diclectric cernstant. Thelr equaticn which
gives the influcnce T dlcleetrie curst:.nt uper the
renctizn rate for dipcl-» mlilecul o~dipclgr molecule

re:.cticens is (12)
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must bte on unfavoreblo cne wnd the dipcl: - mclecula
reactints must c.ppreach coch cthir frem un electristatically
unfrverable directicn if :pprcuch 18 the contreclling
clecctregtatic effect.

Alsc ir the Amis cqunticn (6) for dipclar mslecule-
dipclaur mzlecule renctiores, numely,

- 2 o "L’
irn k! = 1n k', _ %2172
D=D D=x Tk Trd (25)

]
0
>}
[e7)

tha e¢lactrostitic torm 1s preceded by o neg.tive nig
must docre:se in sbelute veolues s D incresses for
1n k'pap t< incressc with trerensing D. Thus ngain the
clectrigtetic effect 18 unf-v-.ruble .nd the dipzl-r
resctunte must zppre.ch co:ch ¢ther frim un electro-
stutic:lly unfeverudble d.orection if :nppr.ich is the

geverning clectr_stotic cifedt.
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