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rate of movement of the zone enables the impurity content
to be decreased by factors of 8-9, the purity of n-octane
being raised from 91.6 to 99.05 mole %, and that of n-hex-
ane from 97.4 to 99.7 mole %.

In this work its was not our aim to obtain materials of
maximum purity, but to work out a more or less simple
technique enabling zone melting to be undertaken at low
temperatures. By increasing the number of passes to ten,
working with purer starting materials than in the present
case, and perhaps using a slower rate of movement of the
zone, it is possible to effect considerable purification by
this method, and obtain substances having a high degree of
purity.

SUMMARY

1. A method has been worked out for purifying organic sub-
stances which crystallise at low temperatures by zone
melting in a gastight vessel, out of contact with air.

2. The zone melting of n-octane (fcrys: -56.8°) and of n-hex-
ane (-95.3°) has been carried out. After five passes the
impurity content has decreased by factors of 8-9.
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CHEMISORPTION OF ETHANOL AND ACETAL-~
DEHYDE ON PLATINUM AND INFLUENCE OF
ANIONS OF SUPPORTING ELECTROLYTE

B.I. Podlovchenko and Z. A. Iofa

The technique which we have employed to investigate the
adsorption of ethanol and acetaldehyde on platinised plati-
num'® is based on anodic oxidation in the adsorbed layer 23,
The organic compound was introduced at the potentials of
the electrical double layer (about 500 mV). The true sur-
face of the electrode was calculated from the length of the
hydrogen arrest on the charging curve in 0.1 N H,SO,, on
the assumption that 1 cm?® of surface contained 1.31 X 108
platinum atoms* and that, at a potential of ~0.01 V in
0.1 N H,80,, one surface platinum atom is associated with

112

one adsorbed hydrogen atom®; it was found to be 0.2~
0.4 m? (with an apparent surface of 2 cm?®). The concentras -
tion of C,H,OH and CH;CHO was 0.5 M in all the experi~
ments reported. Potentials (¢) are given relative to that
of a reversible hydrogen electrode in the same solution.

The charging curves obtained in 0.1 N H,80, after wash-
ing ethanol and acetaldehyde from the electrode (Figs. 1
and 2, curves 1) show clearly marked plateaux, represent~
ing the oxidation of firmly adsorbed layers of C,H,OH and

2 40 8, min

Fig.1. Charging curves (at current
density 10~ A cm™2 based on apparent
surface) in the presence of ethanol
adsorbed on the surface of platinum in
solutions of: 1) 0.1 N HyS0,; 1/) as
above, reverse curve; 2) 0.1 N HCIl;

3) 0.09 N KBr + 0.01 N HCl; 4) reverse
charging curve in pure 0.1 N HC1, ’

A ! I
n 40 t,min 60

Fig.2. Charging curves (at current density
10™ A cm™ based on apparent surface) in the
presence of acetaldehyde adsorbed on the sur-
face of platinum in solutions of: 1) 0.1 N H,S0,;
1’) as above, reverse curve; 2) 0.1 N HCl;

3) 0.09 N KBr + 0,01 N HCl; 4) reverse charg-
ing curve in pure 0,1 N HCI,
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CH,CHO on the platinum surface. The facts that after eight
rinsings considerable amounts of these substances re-
mained on the electrode surface, and that further increase
in the number of washes had practically no effect on the
size of the arrests on the charging curves for Pt(X),4,,
show that chemisorption of C,H,OH and CH,CHO, not physi-
cal adsorption, has taken place on the platinum surface.

In the case of ethanol, this conclusion is supported also by
the absence of adsorbed alcohol from the electrode surface
when it is added at the reversible hydrogen potential and
the electrode is subsequently washed: the charging curve
after washing is identical with that in pure 0.1 N H,SO,. I,
however, after the electrode potential has become steady
(it undergoes a negative change to 155+5 mV when C,H,OH
is introduced at 500 mV), hydrogen is passed through the
solution, the potential rapidly drops to zero. The charg-
ing curve after the electrode has been washed shows that
hydrogen desorbs only about half of the ethanol, this pro-
portion being practically independent of the duration of the
stream of hydrogen after the reversible hydrogen potential
has been established. Thus previously adsorbed hydrogen
prevents the adsorption of ethanol, and conversely. Ana-
logous phenomena are observed in the simultaneous ad-
sorption of oxygen and anions on platinum® It is not
excluded that chemisorption of C,H,OH and CH,CHO is
accompanied by complete breakdown of the original mole-
cules, and that dehydrogenation products (perhaps chemi-
sorbed radicals) are present on the electrode.

Since the true surface of platinised platinum contracts
somewhat with time, the adsorption of an organic substance
X was characterised by the ratio of the length of the plateau
on the charging curve of Pt(X)ass1 to the length of the hydro-
gen arrest on the charging curve in pure 0.1 N H,SO.%
determined on the same day. This quantity remains con-
stant within the limits of experimental error and the accu-
racy of graphical calculation, and has the respective values

FYROH = 1.2 (£ 0.0); FHERETC = 14 (0.

The charging curves for ethanol and acetaldehyde ad-
sorbed on platinum indicate that, within the potential range
'of the double layer, they are oxidised at practically the
same rate (same potential of plateaux at the same current
density). ‘The good agreement between the cathodic por-
tions of these charging curves (Figs. 1 and 2, curves 1)
and the reverse charging curve in 0.1 N H,80, {curves 4)
indicates that the oxidation products do not include any con-
siderable quantities of substances which affect the ability
of platinum to adsorb hydrogen. This shows that the oxida~
tion of adsorbed ethanol yields no appreciable amount of
acetaldehyde. Adsorbed ethanol and acetaldehyde are most
probably oxidised to acetic acid, since this is oxidised only
very slowly in the potential range of the double layer "8,

t It was assumed that C;H;OH and CH;CHO were practically
completely oxidised up to 750 mV, since the potential range 720—
780 mV contains the steepest portion of the charging curve of
Pt(X)ass, and when the polarisation is switched over to cathodic in
this potential range, curves are obtained which coincide well with
the reverse charging curve in 0.1 N H;SOq.

1 In order to calculate the latter, the initial portion of the
charging curve and the linear portion of the double-layer region
were extrapolated to =0.01 V.

§ The oxidation of acetic acid at potentials below the start of
oxygen evolution is confirmed by the considerable hysteresis of the
charging curve in 0.1 N H;80; + 0.6 M CH;COOH and the drop in
potential (to 280~260 mV) when acetic acid is added to 0.1 N H,;SOq.

‘those in the case of ethanoll.
'these differences, account must probably be taken of two

The high value of fcy,cro 18 perhaps due to polymerisa-
tion of the acetaldehydel.

In the presence of the C1” anion the plateau representing
oxidation of the chemisorbed organic compound becomes
shorter (Figs. 1 and 2, curves 2). In the presence of Br-,
however, the plateau disappears altogether with C,H;OH,
and is converted into a slight arrest at 800-580 mV
[sic. (Ed. of Translation)] with CH;CHO curves 3). Thus,
depending on the anion of the supporting electrolyte, the ad-
sorptionof C,H,OH and CH,CHO diminishes in the sequence
802~ > C1™ > Br~, which is obviously associated with
specific adsorption of the halide ions, tending to inhibit
chemisorption of the organic compound.

The tendency of halide anions to suppress the oxidation
of ethanol has been established in several papers'®!!, but
the diminished surface concentration of chemisorbed
C,H,OH and CH,CHO in the presence of C1~ and Br~ (com~
pared with SO2-) has probably been established for the first
time in the present investigation.

The oxidation of adsorbed ethanol and acetaldehyde at
higher potentials in 0.1 N HCI than in 0.1 N H,SO, shows
that, in addition to lowering the surface concentration, the
presence of C1” ions also increases the overpotential
accompanying oxidation of these compounds. In the pre-
sence of Br~ no chemisorption of C;H;OH is observed at all,
while the adsorption of CH,CHO {s slight and the adsorbed
aldehyde is removed 4t still higher potentials than in the
presence of C1~. ‘

The positive shift in potential when the electrode is
washed (Fig. 3) is obviously due to removal of the less
firmly held portions of the organic compound from the elec-
trode surfacei. With both ethanol and acetaldehyde the
change in potential decreases in the sequence 50%= > CI~ >
> Br~, which is the sequence of decreasing adsorption of
C,H,OH and CH,CHO.

Since halide anions tend to inhibit the oxidation of etha-
nol and acetaldehyde, it could be expected that the rate and
extent of change in the potential produced by addition of
these substances would decrease according to the anion of
the supporting electrolyte in the sequence s02- > C1* > Br-,
which is what we see in Fig. 4. This effect is especially
strongly developed in the case of ethanol in the presence of
Br~: in this case the electrode potential reaches values
corresponding to the start of hydrogen evolution after only
40 min, and then continues to become slowly more negative.

The absence of a hydrogen arrest on the charging curve
of Pt(CH,CHO)aas (Fig. 2, curves 1 and 2) and the initial
surge of the potential to more negative values than the
steady potential finally reached when acetaldehyde is added
to 0.1 N H,SO, and 0.1 N HCI (Fig. 4, curves 1’ and 2') show
that the nature and mechanism of the establishment of

potential in acetaldehyde solutions differ somewhat from
In seeking the causes of

T Polymerisation of acetaldehyde may, perhaps, explain the
fact that slight additional energy is required to start oxidation
[slight maximum before the beginning of the plateau on the charg-
ing curve of Pt{(CH;CHO)ads in 0.1 N H,S04 and 0,1 N HCI].

1 It must be assumed here that formation of the potential-
-determining species (in the case of CyH;OH, probably Hags ! from
the adsorbed molecule of the original organic compound is at
least partly reversible.
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Fig.4,
addition of ethanol and of acetaldehyde (denoted by a prime ’)
to: 1) 0.1 N H,S0;; 2) 0,1 N HCI; 3) 0.09 N KBr + 0.01 N HCI,
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Fig.3. Variation in potential of platinum
electrode during the washing off of ethanol
and acetaldehyde (the latter denoted by.a
prime /) in: 1) 0,1 N H,SO,; 2) 0.1 N HCL;
3) 0.09 N KBr + 0,01 N HCI, :
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Curves showing change in potential accompanying

characteristic features of CH,CHO — its tendency not only
to oxidation but also to hydrogenation on the surface of
platinum 2 and its tendency to polymerisationf.

In phosphate buffer solutions$ increase in pH was-accom=
panied by a decrease in the amount of ethanol adsorbed and
an increase in the overpotential involved in its oxidation.
At a current density of 107 A cm~2 (based on the apparent
surface) oxidation of adsorbed ethanol begins in 0.1 N H,S0,
(pH 1,26) at 505 mV and in phosphate buffers (pH 5.3, 8.00,
and 11.0) at 545, 547, and 710 mV respectively. These
results cannot be explained by the influence of the pH, since
firstly the oxidation potential of the adsorbed alcohol does
not increase uniformly with increase in pH, and secondly
the oxidation of chemisorbed ethanol takes place at practi-
cally the same potential in 0.1 N KOH (pH 13) as in 0.1 N'
H,80,. Thus the observed effects are obviously due to
inhibition of the chemisorption and oxidation of adsorbed
ethanol by the anions of phosphoric acid, whose action
follows the sequence (S03~) < H,PO; < HPO?~ < PO3".

The quantity of ethanol adsorbed in 0.1 N KOH constitutes
about one-fifth of the amount in 0.1 N H,80,, which may be
due either to its removal by chemical reaction with the
alkali during washing!? or to the desorbing action of the
OH~ anion,

We express our profound gratitude to Academician
A. N. Frumkin for many discussions and for his interest in
the work. :

SUMMARY

1. After C,H;OH and CH,CHO have been rinsed off an elec-
trode, the charging curves show arrests corresponding
to the oxidation of films of these substances chemisorbed
on the platinised platinum surface.

2. The presence of the anions C1~ and Br~ produces a de~
crease in surface concentration and an increase in the
overpotential accompanying oxidation of chemisorbed
C.HzOH and CH,CHO.

3. The anions of phosphoric acid also tend to inhibit
chemisorption of C,;H;OH and CH,CHO, as well as oxida- .
tion of the ehemisorbed compounds, the effect increas-
ing in the sequence (SO3~) < H,PO; < HPOZ~ < POR~.
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DETERMINATION OF ABSOLUTE RATE
CONSTANTS OF RADICAL REACTIONS.
1I. ADDITION OF BROMOTRICHLORO-
METHANE TO BUTYL VINYL AND
PHENYL VINYL ETHERS

A F.Revzin and Kh. S. Bagdasar'yan

The previous paper ' has described a method for mea-
suring absolute rate constants for elementary reactions

from the adiabatic rise in temperature in the non-stationary

stage of a chain process. The addition of CBrCl, to cyclo-
hexene and to heptene was investigated. Comparison of
the results with published data showed that the rate con-
stants for addition of the CCL; radical increase in the
sequence cyclohexene < vinyl acetate < hept-1-ene <

< anthracene < styrene, and differ little in absolute magni-
tude from the corresponding constants for the CH, radical.
Velocity constants for addition of the CF; radical are 2~-4
orders of magnitude higher, which must be regarded as due
to a polar effect?. In the above reactions of the CCl;
radical the polar effect is obviously weakly developed.

In the present work the rate constants have been deter-
mined for the addition of CBrCl, to butyl vinyl ether (BVE)
and to phenyl vinyl ether (PVE). The presence of the
electron-donor oxygen atom close to the double bond could
be supposed to reveal a polar effect with the CCl; radical

as well.

Examination of the kinetics of chain reactions of this
type in the presence of a large excess of one of the compo-
nents, for example CBrCl,, yields for the steady-state
reaction velocity the expression

Vo= 1'/-’5,.. IEL (1)
4

where I is the rate of initiation, [E] is the concentration of
the ether, and k, and k, are rate constants of the reactions

ccn;+n—o—éu=-cn.—-n—o—cu-cm-ccu. (2)
CCli 4 CCl; — CiCls. (3)

light, as described previously*.

After fllumination, a further quantity AAM of reaction
product 1s formed, which is linked* with the constants k,’
and k, by the equation

ABM o= — %:_ (E}ln(t —q) (4)

where g = (Vi = Vo)/( Vit +V,), in which ¥, 1s the “back-
ground” rate of the reaction, not recorded by the adiabatic
temperature rise method. The background velocity is pro-
duced by either weak photochemical or spontaneous thermal
initiation.

Reaction of Bromotrichloromethane with Butyl Vinyl Ether

Butyl vinyl ether was dried over metallic sodium at 50°,
distilled at 100 mmHg, and recondensed in a high vacuum
into amgoules, which were sealed and stored in a refrigera-
tor; n® =1.4010. The relative contraction for the re-
action of CBrCl, with butyl vinyl ether, determined from
the kinetics of compression3, is 19.3 cm® mole~!, which is
close to the value obtained from the density of the addition
product®. A dark reaction, which served as background
reaction, was observed at concentrations of the etherof 0.3 M
and above. At lower concentrations, the background rate
was produced by using a screen which greatly weakened the
The quantity AAM is
measured directly in divisions of the scale on the paper
strip of the recording instrument. In order to express
this quantity as a molarity, the steady-state rates of photo-
chemical and dark reactions were determined dilatometri-
cally, and the difference between them was compared with

_the rate of movement of the recording pen (in divisions s™!)

under the same steady-state conditions. Measurements
were made with different sensitivities of the recording
instrument depending on the magnitude of the effect. Table 1
gives experimental results obtained in the presence of
excess of CBrCl,. - :

As is evident from Table 1, a reaction of the first order
with respect to the ether occurs only when the concentration
of the latter does not exceed 0.3 Mf. Results obtained in

TABLE 1. Addition of CBrCl to butyl vinyl ether in
excess of the former,
Steadyestate rote §
V ype determined .
Y Va o b z
o x from adlas| ,tee 8 . B ky /b,
E.t B auﬁ'mm. bulﬂc tam [VE} Var <
‘b frise, .
1 C-3 colly. M slu:s lv g
15 |0.77 | 15.0.10-¢| 6.7 |1.95.40¢] 0.063 | 54 -
16 | 0.30 3.81 6.9 1.27 0.12 42 | 5.6.107¢
15 10.28 3.4 8.0 1.22 0.090 39 4.6
25 | 0.587 3.70 6.2 2.4 0.059 57 —
25 10.29 5.87 31 2.02 0.057 30 8.2
25 | 0.14 2.60 3.5. 1.88 0.14 19 74
25 | 0.068 1.30 2.0 1,01 0.18 10 7.5
4 | 0. 9.18 4.4 3.67 0.006 { 39 [15.3

[
v

t Striotly speaking, Eqn.(1) is not applicable in the presence of
a dark reaction, It can easily be shown that making allowance for
the latter results in the appearance of the factor (1 - Vi/Vipl/?
on the right-hand side of this equation. Since V;/Vy¢ did not exceed
0.2 in our experiments, this factor differs very little from unity.
Therefore Eqn.(1) can be applied without any correction.
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