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factor to the volume fraction of matrix in the resin

Frneor = (1 + ”R)’ 2)

1 - or

For the membrane used here vg was 0.168, so that
ktheor was 1.96, in fair agreement with that ob-
served.

The self-diffusion of sodium and chloride ions in
a Zeo-Karb 315 membrane has been studied by
Meares,'® who compared his observed diffusion
coefficients with those calculated using equation 2.
Interpreting his results in terms of tortuosity fac-
tors, the observed value of k was 79, less than cal-
culated for chloride ions, and also for sodium ions
when the membrane was in contact with concen-
trated solutions. Under such conditions sorption
of electrolyte by the membrane was probably suf-

(10) P. Meares, J. chim. phys., 88, 276 (1958).
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ficient to screen the electrostatic drag between
gegen and fixed ions.

In the derivation of equation 2 the diffusing
particles were assumed to be of dimensions equal
to the resin monomer units, whereas heavy water
molecules and the hydrated ions discussed here are
considerably smaller. It has been suggested by
Kitchener and Lagos!! that the tortuosity factor
for small diffusing species may be less than for
larger molecules. This might account for the
fact that the observed k values are about 8% less
than those caleulated.

Acknowledgment.—The author wishes to thank
Dr. D. C. McKean, The Chemistry Dept., Old
Aberdeen, for his advice on the infrared absorption
measurements, and Dr. P. Meares of the same de-
partment for advice and encouragement.

(11) J. A. Kitchener and Lagos, Trans. Faraday Soc., 88, 1245
(1960).
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The kinetics of the reactions between cyanide ions and methyl, ethyl and n-propyl iodides were studied between 11 and 43°
in 50% aqueous ethanol; with methyl iodide the measurements were repeated for water solvent in the temperature range

11-58°.

The reactions are kinetically of the first order with respect to either reagent.

Observed differences in entropies

of activation agree with the explanations for medium effects proposed by Hughes and Ingold and with the symmetry change

arguments of Crowell and Hammett.

Introduction

Kinetic studies on the reactions in solution of
simple alkyl iodides with cyanide ions are numerous
but fragmentary,'~? except for an investigation of
the cyanization of methyl iodide in water.* Such
reactions as these, now well recognized as bimo-
lecular nucleophilic substitutions,’ seemed to us to
be suitable for the study of carbon isotope frac-
tionation in the formation of carbon—carbon bonds.
As a desirable preliminary to such investigations,
we have studied the kinetics of reactions between
cyanide ions and methyl iodide (in water and aque-
ous ethanol), and ethyl and n-propy! iodides (in
aqueous ethanol only), over 30 to 40° ranges of
temperature.

Experimental

Reagents.—The alkyl iodide samples used were center
cuts distilled from Eastman “White Label Grade’’ reagents
the sodium cyanide was Fisher ‘“‘Certified’’ reagent, and was
used without further purification. Solvent water was de-
ionized by passage through a mixed-bed resin ion exchanger.
The solvent referred to below as “509, ethanol” was pre-
pared by diluting with an equal volume of purified water
U. S. Industrial Chemical Co.’s absolute ethanol. Reagents

(1) A. Lieben and A. Rossi, Ann. Chim., 169, 58 (1871).

(2) R. A. Ogg, Trans. Faraday Soc., 81, 1385 (1935).

(3) M. F. Hawthorne, G. 8. Hammond and B. M. Graybill, J. Am.
Chem. Soc., 77, 486 (1955).

(4) B. W. Marshall and E. A, Moelwyn-Hughes, J, Chem. Soc., 2640
(1959).

(5) See, for example, C. K. Ingold, “Structure and Mechanism in
Organic Chemistry,” Cornell University Press, Ithaca, N, Y., 1953.

of analytical grade were employed in the analyses of reaction
mixtures.

Kinetic Runs.—The solutions of cyanide and iodides
ranged in concentration from 0.05 to 0.15 M. Five-ml.
aliquots of freshly prepared reagent solutions were pipetted
into Pyrex tubes which were sealed rapidly (flame sealing for
water runs, tubes with ground glass stoppers being em-
ployed for aqueous ethanol runs) and immersed in the
constant (=0.1°) temperature bath.5 At pre-selected
times reaction tubes were removed from the bath, the re-
action quenched by their immersion in ice—water mixture,
and samples prepared for analysis.

Analyses.—Both iodide ion production and cyanide ion
consumption were measured, the former by titration with
iodate,” the latter by titration with silver ion.

Results

In Table I are collected the results for the reaction
of cyanide ion with methyl iodide in the two sol-
vents. Four to ten kinetics runs were made at
various concentration ratios at each temperature.
The rate of reaction is strictly first order with re-
spect to each reagent, and no deviation from over-
all second-order kinetics could be detected in runs
which were allowed to proceed to as much as 709,
reaction. It is important to note that the specific
rate constants based on iodide ion production and
cyanide ion disappearance are the same within the

(8) At the final concentrations used and over the temperature
ranges of the experiments, no appreciable error attributable to reaction
during warm-up of the vessels and their contents was expected nor was
any observed.

(7) Cyanide does not interfere nor is there during the analysis
detectable hydrolysis of either the alkyl iodide or the cyanide ion.
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experimental scatter of replicate determinations of
either kind; the same conclusion obtains for the
experiments on ethyl iodide and n-propyl iodide
(nde infra).

TasLe I
Seeciric RATe CONSTANTS FOR THE REACTION BETWEEN

CyaNIDE IoN AND METHYL IODIDE

(ky =% av. devn., 1. mole~t gec. 1) X 104
from estimatioF_of

t, °C. CN- Av.
A. Solvent; water

11.4 1.08+ 0.11
19.5 3.04 = 0.26
31.0 10.5 4 0.3
45.8 40.3 =10.8
58.3 137.1 £ 6.9

B. Solvent: 509, aqueous ethanol
11.4 4.95 = 0.05 4.890 =0.14 4.91+0.14
31.0 38.4 0.3 37.1 0.4 37.8 =0.3
43.0 120.2 +£5.6 125.5 £5.5 127.4 =*=5.7

The results obtained for the reaction of cyanide
ion with ethyl and n-propyl iodides are summarized
in Table II. The Arrhenius and Eyring equation
parameters are collected in Table III.

TasLe II

Serciric RATE CONSTANTS FOR THE REACTION BETWEEN
CyaNIDE IoN aND ETHYL AND n-PrROPYL IoDIDES IN 509,
Aqueous ETHANOL

(ke == av. devn. 1. mole~! gec,”1) X 104
from estimatioti Bf

t, °C. Av,
A. Ethyl iodide
11.4 1.12+0.09 1.22%£0.09 1.17=+0.09
31.0 8.62+0.28 9.13+ .15 8.94=+0.26
43.2 50.4 *=6.2 48.4 =+ .8 49.2 £3.3
B. n-Propyl iodide
11.4 0.91 4= 0.06 0.91 4 0.06 0.91 £0.06
31.0 7.10 £0.48 6.70 = 0.35 6.90 =0.42
43.2 27.9 +2.4 27.9 =2.4 279 2.4
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TasLg ITI

PARAMETERS OF THE ARRHENIUS AND EYRING EQUATIONS
FOR REeacTiON OF CyaNIDE IoN wiTH ALKYL IODIDES

Eexp, AHE,

keal. keal. AS%g,
lodide Solvent log A3 mole~!  mole-1 e.u.
CH, w 10.8 19.2 18.6 -11.1
CH, Aq.EtOH 11.5 19.4 188  —7.5
C.H; Aq. EtOH 11.7 20.4 19.8 -6.9
n-C;H;  Aq. EtOH 11.2 19.9 19.3 -9.3

Discussion

The values recorded in Table III are in general
correspondence with activation parameters reported
for similar ion-molecule reactions,®~!! and in good
agreement with the Arrhenius parameters reported
recently by Marshall and Moelwyn-Hughes!? for
the methyl iodide cyanization in aqueous solution.

For methyl iodide cyanization the difference of
about 3.5 e.u. in the entropies of activation in the
two solvent systems is in the direction and of the
magnitude which would be expected for a simple
dielectric effect.’®* For a cyanide ion radius of
1.05 A.,'818 and using values for the dielectric con-
stants of water—ethanol mixtures interpolated from
the data of Akerlof,'” the effects of solvent on ks, at-
tributed solely to variation in the entropy of activa-
tion, correspond to a radius for the activated com-
plex of approximately 4 A., which seems quite
reasonable.

Acknowledgment.—This research was supported
by the U. 8. Atomic Energy Commission.

(8) Estimates of imprecision: log A4, £0.3; Eexp and AH%, ==
0.3 keal. mole~1; AS*z95, 0.8 e.u.
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The relatively rare hexagonal form of Fe,C has been prepared in fine powder form by the reaction of a gaseous mixture of

H; and CO with Raney iron at 240°,

The occurrence of the hexagonal form appears to require the exclusion of Fe;O,. If

Fe;O, is present, the carbide is found in the more common Higg form. The coercive force of the fine powder hexagonal

Fe;C prepared by this method is approximately 800 oe.

Introduction

The compound Fe,C is known to exist in two
crystalline forms. The more common form is re-
ferred to as the Hégg carbide which may be indexed
on either hexagonal or orthorhombic axes. The
formula for this carbide has been given as both
Fe,C and Fe,Cs.! The other form is relatively

rare and is a distinetly different hexagonal structure
in which the iron atoms are believed to be arranged
in hexagonal close packing.? This form is referred
to as the hexagonal carbide. The conditions for

(1) K. H. Jack, Proc. Roy. Soc. (London), A195, 56 (1948).
(2) L.J. E. Hofer, E. M. Cohn and W. C. Peebles, J. Am. Chem. Soc.,
71, 189 (1949).



