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It has been comnon experience apmong chenists working with active metals
in anbydrous solvents to observe blue colors of varying intensities and
gbabilities., In 1891, Beckmann and Paull found that meitallic sodiun dissolved
without evolution of Lydrogen in air free solutiong of srowmatic ketones in
dry ether giving dark blue products, Schlenk and ‘feickel proposed =z mech-
anisn for this reaction,

”%Eilﬁianwna observed 2 blue color when sodlw~wotassium aliog,r WA
stirred with 1,2-dimethoxyethane in 4 creased Ilask. luelilfative observa-
tions showed that under the same conditlons l-methoxy-Z-eihoxyethone snd

dinmetboxymethane did pot produce the blue color. Sodium mebal alone did

not produce a blue color in 1,2-dimecthoxyethane. Potuss netel olone

did produce e slight blue color,

Willismson also mede conductance measurements by immersing clecirodes
in the solution while stirring. It was found thal the conduscieancs incrsased
with an increased stirring rate to & mexizam velve bervend which incressing

the stirring rote did not incresse the conductance. Under these conditions

the cornductance was found to increase with detreasing tampersiurc.
e £y

11, THE

I

he purpose of bhis sbudy wes (1} to determine the n,o nditions
necessary lor the formetion of the blue solutien resulting {row the
regction of sodium-potassium alloy with 1,Z-dimethoxyethanz znd the
factors related to its stability and (2) te ascertein the general naﬁn"e

of the reaction woducing the blue color,



IIT. XPERIMERTAL

tha reported blue calor produced by the systerm of sodiwn, vpotessiun and
P b o ¥

iigh speed stirrer. o blue color wes produced. thes the experiment wos
repeated with somewhat purer chemicals and a nitrosen atmosphere the
color was formed. Further ewperiments in which solvent of higher purity
was used showed that high purity and low temperature were more important
in producing 2 steble blue c¢olor then rapid stirring. Uhen a2 method of
preparing the blue solution had been established sn apparstus was devised

to measure the conductivity of the blue solution as & funetion of tempersture

snd concentratlion. The aoparatus nroved unsatisfactory ss consiruscted
X 'y of

because of the difficuliy in tres

ring the blue solution into the
conductivity cell, Simplification of the apparatus made vossible the
transfer of the blue solution into o cell, The conductance of the blue

v solution was too low t6 be measured by this cell, Further nogif ié;ﬁatioz),
resulted in an apparatus wilh o low surface area in which the coiiuciance
of the blue solubion in conbtact with the alloy could be messured ez o
function of tempersture,

3 4

Apparobus and Haterials.—- The 1,2-dimethorxyethane used in this situdy

wng obteined from the srapahoe Chemicsl Company. The commerciel produc

was further purified by distillation frem an all glass apparatus to remove
nonvolatile impurities. Tne distilled product was sbtorsd over rcshly cub
sodium metal for at least one hour before use, Hilsogen prossure aﬂ used
to force the solvent through a sintered ploss filter tube frosm the storage

{lask into the aprarabtus, This filtration wss necessary Lo remove the

sodium and sodium hydroxide from the solvent,
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¢ 1s approximstely 755 -

g,a.

gubeciic mixture of sodium end potassium, wh

. .  wes s 0+ s -
asotassiue by welghit (melting point =127}, was used in this study. The slloy

w

o8

sap prepared by stireing the motels cub in smell nieces under 1,2-dimethoxy-

0]

cthane, The alloy thus prepared was transferrsd by means of 2 pipettie or

7,

medicine dropper.
Capsules of sodium~rpotsssiuwm slloy were preparo. in the apparat
shown in Fig. 1. The capsules were made from & mm. o.d. tubing with o
thin bulb blown abt (). The tube was drawn to a capillary at (D) to aid
in sealing off. The teclnique of drying this apparatus, as well as the other

clozed systems used in this study, was to alternate ely evecvale cod rofill the

svsber with dry nitrogen., After esech evacuation the apperabtuz was heated

with a gas flame where possible. vhen the apparatus wes dry it was
with dry nitrogen, Tube (0) was removed and {illed with the proper propor-

2398

tione of sodium and potassium zetel. Tube (C) was Llhen replaced and evecus-
ted. £ wacuwm was maintained by coatinuous pumping until sny volstile
materizl clinging to the netel was distilled into the cold trap (B). The

In 2 syl

metals were warmed o the melting point of potassiuwe ot which 'fz;»a,«zp”?‘atur-e

R

they fused bogether to form an allo;;v'. The slloy formesd a iurge #lobule
which forced the solid impuriities to the lLop or bottom of the linwid., Iy
ran wag bhen allowed lo enter the tube suddenly. This forced the alloy
‘thr@ugh 2 seall opening (ZE‘} into the cepsules. The system was apzin evacug-

ted, The application of heat st (D) veporized some of the alley si that

point meking the sealing off of the copsule possible.

The nitrogen used was oblained from ihe linde Air Products Company.
UEr

It was dried by passing it through a 30 on., tube of celeium chloride and

a 25 cw. tube of magnesium perchlorate.,  In studies made using the apoaratus



FIGURE 1




own in Fih. 32 the nitrogen was {reed ol traces of oxygen by passing it
through a 30 cm. tube of f{resh copper turnings heated bo above 2007 by an
slectric heating coil. fGhis tube wos placed belween lhe drying tubes.

4 mixture of carbon tetrachloride, chiloroform and solld carbon dioxide

S ad . , o - .
wag used as @ cooling bhath. 4 temperature of -75° could bhe reached with

The vecuum pump used in the study was & [enco hyvec pump rated to

produce & vecuum of 0.3 microns with & suitavle systenm.

411 vieces of gless zpparatus were constructed from Pyrex (Corniag T7h)

Stopcocks and jolnts were lubriecated with fAnlezon grease formula M.
This lubricant waes found to be more resistant to the solvent powers of
1, 2-dimethoxyethone than several obther common lubricents,

The experiments involving high speed stirring utilized sn apparatus
similer to that deseribed by ;nwtonﬁ, Ihe apparatus is shown in Fig, 2.
th air driven and eleeirically driven stirrers were used which operated
from 2000 to 5000 rpm.

x

#iz. 3a shows an apparatus builit to purify 1,2-dimethoxyeihane and
prepsre the solution under & flow of dry nitrogen. [Flasks (w) and (X}

have a cepacity of 300 ml. Flask (¥} is a 250 ml. creesed {lask, The

tube extending doun into flesk(Y) is fittéd with a ine sintered gless
filter on the lower end. Four menometers, one of which is shown in Fig. 3b,
were ottsched te the points marked {4). fThe manometers served not only to
indicate the relative pressures in the systesm, bui also to relisve

excesgive pressures. Traps were placsd at the too of each menometsr to

prevent wmrcury from belng drswn into the system when sudden @ressure

b

A%
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changes occurred. 4 high speed stirrer could be placed in the creased flask

by removing the cap at {3) end putting the

in its plece., The smwll clesrance vetween the glass sleeve and the stirrer
shaft sllowed only & small gzas leak. & 25 mm. x 130 mm. thick wall test

tube was fitted with & spherical joint as shown in Fig.
sttached to the apperatus at (C) in place of Tlask (Y.
An apparatus desipgned to prepsre sealed tubes containing purified

1,2~dimethoxyathane and sodiuvm-potassium alloy is shown in ¥Fig. 4. 3ide
» 5 ¥ 143

(4) ard the upper portion of (B) wers constructed from 25 mz. o.d. tubing.

The lower portion of (3) was 2 25 mm. x 130 mm. thiek wall test tule, The
sides were connected by a plece of 20 ma. o.d. tubing slanted to prevent

the 1iqpid in side (4) {rom being splashed inte side (B) during distillation,
The spparatus wes opened and closed by blowing out and sealing the vop of
tube (A). 4 short piece of iron rod (1" x 1") was placed in the apperatus.

This could be meneuvered with an magnet to break the capsule.

T o L3

The spparatus shown in Fig. 5 was buill to messure the conduetivity of

solutions of varving conceniretion and bemperature. Sections (48) end (8F
& Py

wore made bto furciion the came as the spparatus in Fig. 4. Tubes (B), (&),
and the cell ware eguipped with reciprocating stirrers operated by passing

sn intermittent current through solenoids placed Jjust above iron rods

sealed in the stirrer shafis. & cpoling bath wihich wuld aulomatically
maintain s temperature constant within two Jdegrees from room tauperature

) Q 3 L] &, A L) & - N 5§ 3 ki - =
to =50 wasz built to contain #11 the spraraitus shown inside the dashed line.

The cell and diluting mechanism, siwiler to that of Glbson and

g

shown in detail in Fig. bz, he valve was made from o 7/25 ste
£
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joint and was opened and closed menually through a short picce of Iygon
tubing.

The apparatus which was found to be successful in the mcasurement of
the conductivity of 1,2-dimethoxysthane with sodium potassium alloy is
siiown in Fig. 7. Tube (C) could be removed and replaced with a vacuum
lihe at (L), Vacuum and nitrogen lines were connected to the system at
(I) through a three way solid stopper stopcock, A manometer similar to
that showm in Fig. 3b was connected to (J). A low temperature toluene
+hermome was attached at (D) so that the bulb reached into the solution
at%Bi Thc lower portion of Bl was made from a 50 wml. erlenmeyer flask.
Plungers were placed in (4) and (B) with capsules of alloy sealed to the
lpwer end. These plungers could be raised and dropped by means of pieces
of iron sealed into the tops of the plungers and moved with an Alnico

" 5

magnet, The cell fitted in (0Q) is shoun in deteil in Fig. 6b. A loose

glass wool plug wes placed in the avvaratus at (K) to prevent splattering
irom (4) to (B),

The cells used in this study are shown in Fig. 6. The electrodes of
the cell shown in Fig, ba consist of two platinuam spheres about 3 mm. in
diameter, The declrodes were placed 20 wm. spart. The cell constant for

1. L -1 h, EI o 4 2 o)
this cell was 3.8 ca. —, The elecirodes of the cell shown in Fig. &b
wers constructed Ifrom platioum strips 10 wmm. x 30 mm. sepavated about

3 mi. by goft Flass spacers.  The leads from the electrodes were fine

platlnum wires sealed through Pyrex glass and separated by soft glass

spacers, fhe leads were connected to the bridge through mercury wells
in the uppsr portion of the cell. The tube containing the leads was

filled with beeswax to prevent the coidensation of water on the leads
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and in the tube at low temperatures. The cell constant of this cell was
0.07 cm.”l, The electrodes were plated with platimm black before use in
the usual manner. The cell constant was determined by measuring the
conductivity of standard potassium chloride solutions at room temperature,

The conductance bridge was a conventional Wheatstone bridge constructed
from decade resistance boxes. .The resistance of the boxes ranged from 0.1
ohm to 100,000 ohms. The A.C, BMQ for the bridge was a Hewleti-~Packard
audio oscillator model 2004 adjusted to produce a 1000 cycle signal. The
signal was amplified by a 1000 cycle audio smplifier described by anler6.

Ixperiments and Observations.-- An attempt to prepare the blue solution
under simple conditions consisted of stirring 250 ml, of freshly distilled
1,2-dimethoxyethane wvith 4 g. of sodium metal and 12 g. of potassium metal
in a creased flask with an air driven stirrer at 2000 rpm. Soon after
stirring was begun the metals formed 2 ligquid alloy which closely resembled
mercury in appearance but had a density of only slightly more than the 1,2-
dimethoxyethane. Stirring was continued for two hours. During this time
no blue color was observed. A reaction occurred in the flask leaving a
dense grey precipitate.

The same experiment was repeated using 1,2-dimethoxyethane purified
as described in the previous section. 4&n inert atmosphere of nitrogen
dried by calcium chloride was maintained by using the spparatus shown in
Fig. 2. The nitrogen flow around the stirrer shaft prevented the diffusion
of air into the flask. An electric stirrer operating at 5000 rpm. was used.
After a2 few minutes of stirring a blue color appeared. The intensity of
the color varied with the rate of stirring. A higher rate of stirring gave

a deeper color unless splashing occurred. If splashing occurred the blue



15

color was destroyed immediately. When the rate of stirring was adjusted
for the deepest color and the flow of nitrogen increased to such a rate

as to cause the liguid to splash the color was destroyed. When stirring
was stopped the blue color persisted for several minutes. Fading began

at the top of the solution. The color in the lower regions of the

solution was stable for several hours without stirring. CSeveral unsuccess-
ful attempts were made to siphon or pipette the solution from the resction
flask. Even when the apparatus used was very carefully dried in an oven
the solution could not be transferred without destroying the color,

The apparatus shown in Fig. 3a was devised to further purify the
solvent and conduct stirring experiments under a more inert atmosphere.
After the system was dried and filled with nitrogen stopcocks (1) and
(2) were closed and flasks (W) and (X) removed. Three grams of freshly
cut chips of sodium metal was placed in each flask. Two hundred milli-
liters of 1,2-dimethoxyethane wes transferred to flask (W). The flasks
were replaced, (W) wes cooled to -75°, stopcocks (1) and (2) were opened
and the system cleaned and dried again, The system was evacuated and
stopcocks (3), (4), and (6) closed. The cold bath was moved from Ilask
(W) to flask (X). 4s (W) warmed the 1,2-dimethoxyethane slowly distilled
from (W) to (X). Gases evolved by the reaction between the sodium metal
and impurities in the solvent were removed by pumping on the system at
intervals, When the distillation was complete flask (X) was allowed to
warmtd room temperature to permit the sodium to react with impurities.
The 1,2-dimethoxyethane was then distilled in the same manmner into flask
(Y). The system was then filled with nitrogen to a pressure slightly

grecter than atmospheric pressure. The nitrogen pressure prevented the
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influx of air when the system was opened as was necessary for the stirring
experiments. Three milliliters of sodium-potassium alloy was pipetted into
the system through joint (I). Cap (B) was removed and the stirrer placed
in position and started. The cold bath was then removed. No color
developed until the alloy melted at -12°. At that temperature a beautiful
deep blue color formed. This solution had the same characteristics with
relation to stirring as the previously prepared solutions. The color
however was more intense and the precipitate formed in the earlier experi-
ments did not develop until the lapse of & greater time. When stirring
was stopped the color did not fade as rapidly. It was found that high
speed stirring was not required for the formation of the blue color. All
attempts to transfer the solution were unsuccessful. The solvent could
be forced through the filter and into tube (Z). However, regardless of
the steps taken to dry the transfer tube by flaming and subjecting the
tube to infrared rays for several hours, the blue color always faded
before it moved more than a few centimeters up the tube,

A sealed tube containing sodium-potassium alloy and purified 1,2-
dime thoxyethane was prepared by attaching tube (V) shown in Fig. 34,
which contained 2 ml. of alloy, to (C) in place of flask (Y¥). Purified
1,2-dimethoxyethane was distilled into the tube, which was then sealed
off under a vacuum, Fifteen minutes of vigorous shaking at room tempera-
ture caused the formation of a blue colution in this tube. The color

could be retained indefinitely by slight agitation of the tube. When the

color faded it could be made to return by a few seconds of sheking. Cool-

ing the tube at -50° after the color had been formed at room temperature

caused the blue solution to be stable indefinitely. The tube retained
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these characteristics for more than thirty days after its preparation.

After seversl months the alloy became solid. The melting point of the

metel was found to be 97°, which indicated that it was practically pure
sodium (m.p. 97.5 ).

Tubes in which the components were of high purity were prepared by
using the apparatuc shown in Fig. L. Thirty-five milliliters of 1,2-
dimethoxyethane and 2 g, of sodium were placed in side (4). A capsule
of alloy and a clean iron rod were placed in side (B). The solvent in
(4) was cooled to ~75 . The apparatus was sealed and dried. The solvent
was then distilled to (B) and back to (A). 1,2-Dimethoxyethane forms a
binary azeotrope containing about 10% water by weight. Any water in (B)
would be carried back into (A) with the solvent to react with the sodium.
The solvent was distilled back to (B). A small portion was then distilled
back into (A). The capsule was broken and the iron rod moved out of (B).
The tube was then sealed off. The tube was allowed to reach room tempera-
ture and was vigorously shaken. After only a few seconds of shaking a
deep blue color was formed. The colored solution was cooled to -75° and
held at that temperature for several hours. MNo change in the appearance

was observed. The tube was then warmed to room temperature and held

without shaking for 12 hours. The color faded slightly during this period.
Only slight agitation was required to revive the original color. As the
tube aged the grey precipitate, which was not evident for the first few
hours, became more dense and the color more difficult to revive.

This series of experiments initiated the belief that since the
stability of the blue color depended largely on high purity and low
temperature an apparatus which could maintain these conditlions would make



possible the transfer and dilution of the solution. The apparatus shown in
Fig. 5 was designed to meet these requirements. Sections (AB) and (EF)

were built to function in approximately the same manner as the apparatus
shown in Fig. 4. The solution was prepared in (B) and forced through a
glass wool filter, (G), and into the conductivity cell. The volume of the
original solution could be measured by the calibrations at (H). (See Fig.
ba.) The concentration could be varied by draining the cell through valve
(J) to the calibrations at (I) and refilled to (H) by distilling pure
solvent from the blue solution in (E), After the desired measurements had
been made the contents of the cell could be washed into tube (D). The
solvent was then distilled back into (E). The solid residue was to be
dissolved in water and analyzed for sodium and potassium. This experiment
failed because of the difficulty in retaining the blue color when the
solution was transferred from (B) into the cell. The blue color always
faded before it reached stopcock (1).

The apparatus was modified so that the solution could be drawn
directly into the cell which was connected very close to the tube in
which the blue solution was prepared. The cell had characteristics
similar to the cell shown in Fig. 6a. The conductance was found to be
far too low to be measured with a conductivity cell of this type.
Further modification of the apparatus did not improve the measurements.
In most cases the large surface of the c¢ell required to house large
electrodes also harbored impurities which made the preparation of a
stable blue color impossible, (ualitative ob:orvations made during these
experiments showed theat iron oxide or a trace of air inhibits the forma-

tion of the blue solution.
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The apparatus in which successful conductance measurements were made is
shown in Fig. 7. The solvent was purified by distillation from sodium-
potassium alloy in flask (C) through the trap in (A), which was held =t ~10°,
into (B), which was held at -75°, with (J) connected to the vacuum line.

The liquid trapped in (A) wa: distilled into 2 vacuum line attached to (L)
after (C) had been removed. The conductance of the pure solvent wes measured.
The solvent was then distilled back to (A) and the capsule of alloy in that
tube broken, The solvent was distilled back and forth from (A) to .(B) until
the conductance measurements indicated high purity. The conductance of the
solvent was then measured 2s a function of temperature. The capsule in :

side (B) was broken and the blue solution prepared by stirring with the
plunger at a temperature just above the melting point of the e2lloy. Three
types of experiments were performed using the blue solution prepared in

this manner,

The conductance was first measured as a function of temperature. The
blue solution was cooled to -75° and allowed to stand for several minutes
to insure an even temperature throughout the cell before a conductance
measurement was made, Other readings were made with the cell in progress-
ively warmer baths. Time was allowed for temperature eguilibrium to be
reached before measuring the conductivity. The results of these measure-
ments are plotted in Fig. 8. The conductivity of the solvent is somewhat
higher than the best values for the pure solvent. This caused the conduc-
tivity of the blue solution to be higher than the vazlues obtained in other
experiments. The conductivity of the conductor associated with the blue
color was obtained by subtracting the conductivity of the solvent from the

conductivity of the blue solution. In this and other conductance experiments
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the fact that the conductance of the solution is not dependent on the blue
color alone was observed.

While making the measurements described in the preceeding paragraph
it was noted that the conductance apparently passed through a meximum
value as the cell was warmed. Studies were made in which the blue
solution, prepared at the melting point of the alloy, was quickly cooled
to -75°, then allowed to warm slowly. The conductance wes measured as a
function of the time elapsing after removal of the cold bath. In these
experiments the cell was warmed from -75° with a bath et -10°, The

equilibrium temperature reached by the bath was about -35°., The data

obtained from this experiment are plotted in Fig. 9. The data plotted
have been corrected for the contribution to the conductance made by the

pure solvent., This correction amounted at most to 0.8 x 10™7 ohm ~*

em, ™t

In the last experiment performed using this apparatus the blue
solution wee formed in the usual menner at about -10°. The temperature
was allowed to incresse to about 10° and the conductivity measured. The
temperature was then quickly lowered to -75° and the conductivity measured,
The solution was then allowed to warm to about 10° and the conductivity
mezsured, The solution was then cooled to sbout -10°, the blue color
reformed by stirring, and allowed to quickly cool to -75° where the conduc-
tivity was again measured. This last sequence of operations wes repeated

several times as shown by the tabulation of data given in Tsble I.
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TABLE I

&

COMDUCTIVITIZS OF THE BLUR SOLUYION

Tim 4v,“ Temp. , Cond, = 107,
win, G, o +em,

1N
. A
0 ~23 1.9,
5 "2‘3 ] rh
p - A
5 -23 2.9"
QGQ 18 7.1

5

5

&
!
-J
Sy
P

o h W 2
- .
e S R

.

fond

ngz o
LD O &
Sapdn
G o
;-::\Di-“b.;}?"‘
. & *

«

145, - 17.0

609“ ~76.5 1,.6, 17
500 18 G.h,

600 ~75 16.0

& Time was measured {rom the bime the cepeule of
alloy was broken.

¥ Blue coler wee noﬁ.present. The copdustivity of
the pare solvent at 0% was 0.8 x 1077 ok

€ one ua
a0l the ce

4 The blue golution was lef
w75 bath,



A emall amount of sir free waler vonor was fllowed to enter the blue

solution at ~75° after these dabs were obiained. The blue color

but the conductivity did not change appreciakly, It wes no longer possible

to reform the blue mlor in this solution. The conduetivity of this selution

.

vhen hieated znd coolad closely poralleled thot found for the selution in

5

waicn the blue zould he reformed.
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IV. THEORETICAL DISCUSSION

Any mechanism proposed to explain the formation and destruction of the

blue color ani the conducting characteristics of the system of sodium,

potassium, and 1,2-dimethoxyethane must be in agreement with the eleven

observations listed below.

1.

2.

3.

h.

5.

7-
8-

9.

10.

11.

The metal involved in the reaction is potassium,

One of the products of the reaction is 2 white insoluble
material.

The reacting quantities are very small. The color producing
product must be capable of farming 2n intense blue color at
low concentration.

The color is formed at the surface of the alloy and seems to
diffuse slowly away from the surface when there¢ is no stirring.

The intensity of the color is increased by rapid stirring,
however, stirring is not necessary to produce the blue color.

The blue color is not foarmed below the melting point of the
alloy.

The blue color is stable at low temperatures.

The conductance of the solution, which is very low, is not
dependent on the color.

The conductsnce of the solution after the blue color has
been formed never returns to that of the pure solvent.

Slight impurities tend to make the blue color far less
stable, but do not appreciably effect the conducting
characteristics of the solution.

The conductance of the solution is greater at -75° than at
0°. As the solution is warmed from -75° the conductance
rises to a maximum at about -50°, then drops.
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Mechanism of the Reaction. --- The experimental evidence obtained in

the present study is not sufficient to unambigously establish a mechanism
for the reaction between sodium-potassium elloy and 1,2-dimethoxyethane
but is adequate to make the following mechanism highly probably:

Ris - IE oo KT o T o R (1)

*R' 4 CH3OCHCH0CH3 —-—-—3= HR' 4 <CHyOCH;CHOCH; (2)
where R:R represents a molecule of the 1,2-dimethoxyethane.

The first step (1) in the reaction is a splitting of the ether into an
alkoxide ion, either CH300H20H20' or CH30', and a free radical, either -CH3
or +CH,CH,0CHs.

The second step (2) in the proposed mechanism is the dehydrogenation of
a molecule of the solvent by the free radical produced in the first step,
The resulting solvent free radical is postulated to be the molecular species
which gives the solution the blue color.

The electrical conductance of the resulting solution is due to the
potassium and alkoxide ions produced in the first step of the mechanism.

The potassium alkoxide is only very sparingly soluble in the solvent
and consequently will precipitate from the solution. Thus the solution
will become saturated almost immediately after the reaction begins.

The molecule HR' produced in the second step will be either methane
or methyl ethyl ether. Methane would be expected to be slightly soluble
in the solvent and at sufficiently high temperatures and concentrations
might be evolved. The methyl ethyl ether would most likely be completely
miscible with the solvent.

The Initial Reaction. --- The first step of the proposed mechanism
involves the oxidation of the potassium atom and c6naequently the reduction

of the solvent molecule. Thus the solvent molecule must, if the potassium
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is to be oxidized, be made to accommodate an extra eleciron. It seems
reasonable to suppose that a solvent molecule with an extra electron will be
uns table and decompose into parts which are more stable. It is postulated
that the parts are either (CH300H28H20:)' and -0H3 or CH300H20H2- and
(:OCHB)-. The possibility of a split into CHBOCHZ' and (:CHaocHB)- appears
unlikely in view of the instability of both parts., The known reactions of
ethers support the proposed split into an alkoxide ion and a free radical,
In addition it would be expected that the potassium atom would be most
strongly atiracted by the most electrophylic part of the molecule— i.e.

the oxygen.

The stability of the potassium-solvent complex, which must be considered
to have at least s transient existence in this reaction, can not be decided
from the experimental data of this study, but is not critical to the discus-
sion. It is suggested that the known usefulness of this solvent in the
metallation of such compounds as napthalene may be evidence that this complex
is relatively stable,

The Blue Color.--- The blue color producing molecular species is
postulated as being a free radical produced by the reaction of the free
radical formed in the first step with a solvent molecule. The color of
this free radical may be due to the possibility of a "resonance" of an

electron between the following posit.:lona-:

CH2 CH2 /C}lz CH2
0 <. LI > 0 \O

v,
«H :C
H

H

/

0

\

TR

o m

H
: H+C
H



The energy of these two structures is equal. There are three exactly equi-
valent hydrogen atoms on the methyl group which might participate in this
resonance. The known ease by which free radicals remove hydrogen atoms
from other molecules (activation energy about 10 Kcel.) and the proximity
of the other end of the moelcule in this compound makes such a reaction
likely. The fact that the blue color is not found for either the dimethoxy-
methane or the l-methoxy-2-ethoxyethane, where this particular structure is
impossible, is significant.

The resonance possible in this molecule would suggest that it may be
reasonably stable even though it is a free radical. In a highly purified
solvent the most likely molecules which such a free radical would contact
would be other solvent molecules in which case reaction would result in the
reformation of the solvent free radical., |

The need for high purity in the solvent for the stability of the blue
color is obvious in view of the nature of the blue color p.mdmiug free
radical. Oxygen, water, carbon dioxide, etc. are well known as free
radical destroyers.,

Since the rate of formetion of the solvent free radical depends upon
the rate of formation of the intermediate (unstable) free radical, which in
turn depends upon the rate of the initial reaction, anything which will
increase ‘the rate of the initial step will tend to increase the concentration
of the solvent. free radical, and therefore the intensity of the blue color.
s.tnce‘this initial step is & heterogenous reaction the rate will be propor-
tional to the extent of the alloy-solution interface. High speed stirring
will therefore cause the blue color to become more intense, unless such
stirring increases the rate of destruction of the solvent free radical by
increasing the contamination of the solvent,



The difficulty of forming the blue color when the alloy is frozen may
be explained by the slow rate which potassium will diffuse to the surface
of the crystalline solid alloy. Once the surface concentration is exhausted
additional potassium must be moved up by the slow process of diffusion in
the solid, It may also be that the energy required to remove an atom of
potassium from the solid lattice is excessive for the reaction.

The stebility of the blue color at low temperatures is understandable
in view of the pgeneral slowing down of all chemical reactions when the
temperature is lowered-- which is especially marked when the activation
energy is low— as is obviously true in reactions involving free radicals,

The Condwc tence of the Solution. ——— 4 discussion of the conductance

of this solution is simply a description of the behavior expected of a very
dilute solution of & "strong" electrolyte in a medium of low dielectric
constant,

It is well known that the alkali metal alkoxides are salt like substan-
ces, which when dissolved in a medium of high dielectric constant are strong
electrolytes, i.e. may be considered 2s completely dissocieted into ions.
Thus a solution of sodium methoxide in methanol has properties exactly
snalogous to a solution of sodium hydroxide in water. The ions CH300H20H20-
or GHBO- would be expected to form similar substances with potassium ions,

In a medium of low dielectric constant such salts associate to form
ion pairs, which have many of the properties of a weak electrolyte. As the
dieleciric constant of the medium is decressed the "association constant®
for the association of the ions into neutral lon pairs increases. The
relation between dielectric constant and this "association constant" has
been calculated by Fuoss and Kraus7. It is found that as the dielectric

constant is decreased a critical value iz reached below which association
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increases very rapidly at first. This rapid in-
crease in association fall off, bul increases
rapidly as the dielectric constant reaches very
low values. The curve in Fig. 108 shows the
logarithm of the dissociation constant as a
function of the logarithm of the dielectric

constant for tetraisoémylammonium nitrate in

LO? D
dioxane-water mixtures. This figure shows el 1 |

0.2 0.6 .0 .4 1.6
that a 1% increase in the dielectric constant Figure 10

in the region of about 2.k*causes about a 600% increase in the dissociation
constant.

Since both the dielectric constant and the viscosity are important in
determining the actual conductance of a solution, it is necessary to recall
the mammer in which the equivalent ionic conductance varies with the
viscosity, It is well known that the product of the conductance and the
viscosity is aspproximately equal to a constant., For example, for the
potassium ion this product is egual to about 0.2 in a variety of solvents
(methanol, ethanol, acetone, etc.) This is known as Welden's rule. Thus
lowering the temperature (i.e. increasing the viscosity) results in a
decrease in the equivalent ionic conductance.

Since lowering the temperature increases the dielectric constant for
most solvents and also increases the viscosity there are two opposing
factors operating in determining the conductance of the solution with a
change in temperature. The increase in the dielectric constant tends to
increase the number of ions. The increase in the viscosity tends to decrease
the equivalent conductance. It is thus possible in a solution, in which
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association into ion pairs occurs, for the conductance to actually increase
as the temperature is lowered, It is also possible for the conductance to
pass through a2 maximum. Both of these phenomenon have been found in this
study,

Unfortunately this explanation may not be rigorously tested because
of the lack of data on the exact magnitude of the dielectric constant and
the viscosity. Juiging from the dieleciric constante of similar compounds,
it is probable that the dieizctric constant is low. There was neither time
nor apparatus aveilable to make these measurements for this study,

There are other factors which may be of secondary significance in
determining the conductance data observed. One of these might be the
time factor in reaching equi;libriml of the ions and ion pairs as the temp-
erature is changed.
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V. SUMMARY

The blue solution produced when sodium-potassium alloy and 1,2-
dimethoxyethane are mixed has been investigated with reference to the
conditions related to its formma tion and stability.

The electrical conductance of the solution has been measured as
a function of temperature and of time. It has been shown that the
cornduc tance, which is very low, is not directly related to the blue
color. The conductance is greater at low temperatures than at normal
temperatures and has & maximum value at about -500. The conductance
at a particular temperature does not vary with time.

A mechanism has been proposed involving the reaction of potassium
metal with the solvent to produce potassium ions, alkoxide ions, and
free radicals, The free radicals react with solvent molecules to
produce free radicals which are stabilized by a resonating ring structure,
The blue color is attributed to this slvent free radical.

The conductance data is explained by an hypothesis based on the

formation of ion pairs in a solvent of low dielectric constant.
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