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in anhydrous solvents to observe blue colors oi' var;ring intensities and 

stabilities. In 1891, dcci:mlarm a11(:i Pat.111 found tha,t 1r1'frta1Jic sodi'!JI.1 dissolved 

1,111.thout evolution of h;rarc,c;en in air free solutions of aromatic ketone:;; i11 

2 
Schlenk rind >:eickel propoe·0cl rt .r:tf:ch-

stirred with 1./2-dirn~?thoxyetlmne in a creased fluLJk. ,,;ueJ.itativc) observe-

d:hnethoJWm.ethane did not produce th@ blue . colol:'. Sodituu m.e~l alone did 

did produce ti slif~ht hlu.e coloI'. 

the .stirring; rate did not increa:3e the cond.ucwnce. Under' these con:~ :ttions 

II. '£HE 

necessar;r for the formation o:f' tht) blue solution resultinG from the 

of the renction producing the blue color. 

l 



In an effort to determine the concli tions necessary ·for the fo:l:'llW.tion of' 

the reported blue color prodt:tced by tlH~ system of sodium, pota-ssium ttnd 

was twed showed that high purity and low tem.perature ·were more :un.portan-t 

in producing a stable blm,i color than rapid stirring.. b:hen a method of 

conductivity cell, Simplification of the apparatus made poi:;sible the 

transfer of the blue soluti.on into a cell, nie conductance -of blue 

res1tlt~tl in. an apparatus trlth a low surface area in 'irthid1 th.e c,>' :Juctance 

in 

t"ll",';IB further pu.rif'ied by distilla:tton from. an all glans apparatu::: to remove 

nonvolatile impurities. The distilled p1odu.ci:. was 1:;rtor~ cJv..::1~ freshly r;u:t 

i'lask int,o 

soditm a:nd sodium hydro:i.dde from the solvent. 



A eutectic ndxture of sodium and potassium, i!rtlich is appro:idmEi.tely 75% · 

potassium by wei.fj1t (malting point -12°), i.oJaS used in this study. The alloy 

was prepared by stirring the metals cut in s~.11 pieces under 1,2-dimetho:M;Y-

ethane. 'l'h-3 alloy t.hus prepared uas transferred by means of £ pipct,te or 

medicine dropper. 

shown in Fi~. 1. The capsules were made from 6 mm. o.d. tubing i-rith. a. 

thin bu.lb bloi-m at (E). The tu1)e vias drawn to fl capillary at (D) to aid 

in sealing off. The technique of drying this apparatus, aa lil'ell as the other 

clos.ed systems used in this study, was to alternately eyllcuate c,nd refill the 

with a gas name where possible. :.\Ihm the apparatus 11:as d!"J it 'l',rae filled 

with dr-y nitrogen •. Tube (C) w--as removed and filled with the proper- propor-

tions of sodium and potassium rre tal. Tu.be ( C) was then replaced l:lnd eva.cua-

ted. · A ·vacuum was m.'lint.ained by continuous pumping unt.il eyny volatile 

material clinging to the· metal was distilled into the cold trap (ll).. The 

nietals were warmed to the melting point of potassium: at vihich t,emperatur-e 

they fused together to J.'orm. an alloy. The alloy formed a largo e].obule 

which forced. the solid im.purit.ies t.o the t,op or bottom of the liquid. Dry 

nitrogen wa.s then allowed to enter the tube suddenly. Tri.1.s forced the alloy 

through f:! small opening (F) into t.ha c~psules.. The system w2.r:, ae;ai,"l evaeua.-

ted. The a.pplieat:i.on of hee.t at (D) veporized some of the alloy at that 

point making the sealing ofi' o;f the cnpsule poi:;sible. 

'l'he nitrogen used was oo tained from the Linde Air :P~oduets Comp~ny. 

It was .dried by passing it through a. 30 cm. tube of calcium chlorl..de and 

a 25 cm .. tube of roagnesium perchlorate •. In studieG made using the apparatus 
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through a cm. tuhe of freuh copper turnings heeted to nbcve 20{)0 by an 

0lectric heating coil. Tlrh, tube Wf.m placed between the dr,:,rinc tubes. 

A mixt1.1re of carbon tetrachloride, chloro.forro. and 11,olid carbon dio:tlcle 

t,his mixture. 

All pieces of 

This lubricant was fotu1.d to be more resistant to the solvent powers of 

'fhe 'experim.ents involving hig]a speed stirring utiliz,ed tm apparatus 

'frte apparatus is shovm in fig. 2. 

110:th 2.ir driven and electrically dri~1en stirrers were used which operated 

from :2000 to 5000 rpm. 

pl"eparo the solution urn:!er n flow of dry nitrogen. f'lasks (t:) and (X) 

tube extending dt11.'r1 into flGsk(Y) w fitted with a .fine sintered gla.ss 

'i'he nanom-E,ters served not only to 
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changes occurred. A high speed stirrer C!>uld be placed in the criaased flask 

by renoving the cap at (B) end :putting the sleeve ~sse11bly shmll'l in Fi.g. Jc 

in it-s place~ T'ne small clearance bet.ween the glass sleev·e and the stirrer 

shaft alloi,,ed only a small gas leak. ii 25 um.1. x ]JO mm. t.h.ick wall test 

tube was fitted with a spher.ical joint as shown in F:i.g. 3d. This could. be 

attached to the appa.ratue a.t {C.) in place o.£ .flask (Y). 

An apparatus desimied to prepare sealed tubes containing purified 

1,2-dimethoxyethane and sodium-potassium alloy is shown in Fig. 4. Side 

{A) and the upper portion of (B) were constructed. from 25 mm.. o.d. tubing. 

'I'he lcrwer portion of (B) was a 25 mm. x ]JO mm.. thick w.tll test tuJ;,i~. The 

.sides wore connected by a piece of 20 mm.. o.d. tubing slanted to prevent 

the liquid in side. (A) from being splashed into side (B) · dlU'ing distillation. 

'The apparatus was opened and closed by blowing out and sealing the top or 

tube (A). A short piece of iron rod UY x 1 11 ) i..iae pl~ced in i,h,e. a,paratus. 

This could be maneuvered w.i th en H.nico magnet to brea.i{ the capsule. 

The apparatus shown in F:ig,. 5 was built to measure the conductivity of 

solutions of varying concentrQtion and temperature. Sections (ltB) and (BF) 

were made to ftu:1.:tion the same ao t,he. apparatus in Fig. Lh Tubes (B)., (E), 

and the cell were equipped with reciprocating stirrers operat.ed by passing 

an intermittent current through solenoids pl.aced. just above iron rods 

sealed in the stirrer shafts. J>. coolin,g bath which would automat-ically 

maintain a temperature constant, within two degrees from room. tem.pera.ture. 

·to -50° was built to contain all the apparatus sho'Wn ineide th.e dashed line. 

The cell and diluting mechanism., simllAr tc that of G:tbson anc. ?hi.pps5, · is 

shown in deta.il in Fig. 6e. The valve was made from a 7/25 struidard ta.per 
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joint and was opened and closed manually through a short piece of '£;ygon 

tubing. 

The apparatus which 1tias found to be successful in the m.G:asurement of 

the conductivity of 1.,2-dimetho:xyethane with sodium potassium alloy is 

shown in Fig. 7. Tube (C) could be removed and. replaced with a vacuum 

line 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 shown in Fig. 3b -....-as connected to (J). A low tanperature toluene 

thermometer was attached at (D) so that the bulb reached into the solution 
!f. 

at (B) The lower portion of (a) was made from a 50 ml~ erlenmeyer flask. 

Plungers were placed in (A} and {B) wit..~ capsules of alloy sea.led to the 

lower 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 

magnet~ The ceJl fitted in (Q) is shown in detail i11· Fig. 6b. A loose 

glass wool plug wa.s placed in the apparatus at (K) to prevent splattering 

from (A) to (B), 

The cells used in this study are shol-m in Fig, 6. The electrodes of 

the cell shmvn in Fig, 6a consist of two platinum spheres about 3 mm. in 

diameter, 'I'he 4.ectrodes wero placed 20 mm. cpart. The cell constmrt for 

this ceil was 3. 8 cm. -rl, The electrodes of the cell shown in Fig. 6b 

were constructed from platinum strips 10 mm.. x JO mm. separated about 

3 11m:. by soft ;::lass spacers. The leads from the electrodes were fine 

platinum. wires sealed. through Pyrex glass an6 separated by soft gl.s.$s 

spacers, 'I'he lee.ds we:re connected t.o tli.e bridge through mercury· wells 

in the upper portion of the ceU. The tube containing the leads was 

filled 1-.d.th beeswax to prevent the condensation of water on the leads 

12 
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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 platinum black before use in 

the usual manner . The cell constant was determined by ea.surin.R the 

conductivity of standard potassium chloride solutions at room temperature. 

14 

The conductance bridge was a conventional he tstone bridge constructed 

from decade resist nee box.es . . The resistance of the boxes ranged from 0 .1 

ohm to 100,000 ohms. The P. C~ source for the bridae w~s a Hewlett-Packard 

audio oscillator model 200A adjusted to produce a 1000 cycle sign 1. The 

signal was f'lmpli.fied by a 1000 cycle audio amplifier described by Luder6. 

Experiments ~ Observations.- An attempt to prepare the blue solution 

under simple conditions consisted of stirring 250 ml. of freshly distilled 

1,2-dimethoxyethane with 4 B• of sodium metal end 12 g . of potassium metal 

in a creased flask with an air drivm stirrer at 2000 rpm. Soon after 

stirring was begun the .etals formed " liquid alloy which closely resembled 

mercury in appearance but had a density of only slightly more than the 1,2-

dimethoxyethane • .Stirring was continued fort o hours. Durine this tie 

no blue color was observed. A reaction occurred in the flask 1 aving a 

dense erey precipitate. 

The sm:ie experiment wa. repeated using 1,2-dimetho:>;yethane purified 

as described in the previous section. An inert atmosphere of n1tro5en 

dried by calcium chloride ,ms nJ.a.intained by using the para.tu shown in 

Fig. 2. 'l'he nitrogen flow around the stirr r shaft prevented the diffusion 

of air into the flask . An electric stirrer operating at 5000 rpm. was used. 

After a .few minutes of stirring a blue color appeared. The intenr;ity of 

the color varied with the rate of stirring. hieher rate oi stirring gave 

a deeper color unless splashing occurred. If splashine occurred the lue 



color was destroyed immediately. hen the rate of stirring was adjusted 

for the deepest color and the flow of nitroeen increased to such a rate 

as to ca.use the liquid to splash the color was destroyed . hen stirring 

was stopped the blue oolor persisted for several inutes . Fading began 

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

15 

solution was stable for several hours ithout stirring. ~everel unsuccess­

ful attempts were made to siphon or pipette the solution fro the reaction 

flask . ~'ven wh(n the apparatus used was very carefully dried in an oven 

the solution could not be transferred without destroying t.he color. 

The apparatus shown in rig. Ja was devised to further purify the 

solvent and conduct stirrine experiments under a more inert atmosphere . 

After the system was dried and filled with nitrogen stopcocks (1) and 

(2) were closed and flasks (W) end (X) removed . Three grams of freshly 

cut chips of sodium metal was placed in each flask . Tvt0 hundred milli­

liters of 1,2-di.methoxyetbanc wan transferred to flask(\) . 1'he fl.asks 

were replaced, ( ) was cooled to -75°, stopcocks (1) and (2) were opened 

and the system cleaned and dried again. The system was vacu~t-ed and 

stopcocks (3), (4), and (6) closed. The cold bath 'as moved from i'lask 

(' ) to flFsk (X) . As ( ) We nned the 1, 2-dimethoxyethane slowly distilled 

from ( 1) to (I). Gases evolved by the reaction between t..he sodium metal 

and impurities in the solvent were r emoved by pumping on the systeru at 

intervals . ~fuen the distillation wru: complete flask (X) was allowed to 

warm to room tE111perature to permit the sodium to react Ji th impuriti es. 

The 1,2-dimetho.xyethane was then distilled in the sa e manner into fl sk 

(Y). 1'he sys t~ \'las then filled with nitroeen to a pressure slightly 

gre ter than stmospheric pressure. The nitroeen pressure prevented the 
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influx of air when the system , s opened as was necessary for the stirring 

experiments . Three milliliters of sodium-potassium alloy was pipetted into 

the syste.'U through joint (I). <.:a.p (13) w s removed and th_ stirrer placed 

in position and started. The cold bath was then removed. No color 

developed until the alloy melted at -12°. At th t temperature a beautiful 

deep blue color formed . This solution had the same characteristics with 

relation to stirring as the previously prep&red solutions. The color 

however waE" more intens, and the precipit te formed in the earlier experi­

ments did not develop until the lapse of a 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 format·on of th blue color . ill 

atte. pts to transfer the solution were unsuccessful. The solvent could 

be forced through the filter and into tu e (Z). However, regardless of 

the steps taken to dry the transfer tube by fla.'Trl.ng and subjecting the 

tube to infrared rays for several hours, the blue color always faded 

before it moved more than o few centimeters up the tube. 

A sealed tube containing sodium-potassium alloy and purified 1,2-

dirootho:xy thane was prepared by attaching tube (V) shown in Fig . Jd, 

which contained 2 • of alloy, to (C) in place of flask (Y). Purified 

1,2-dimethcxyeth ne was distilled into the tube, which was then eealed 

off under vacuum. F'ifteen minutes of vigorous shaking at room tempera­

ture caused the formation of a blue solution in this tube. 'l'he color 

could be retained irrlefinitely by slieht agitation of the tube. \'men the 

color faded it could he re.a.de to r eturn by a fet1 seconds of shaking. Cool­

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

caused the blue solution to e stable indefinitely. The tube retained 



thes characteristics for more than thirty days after its prepa.r tion. 

After several onths the alloy becam solid. The elting point of the 

metal was found to be 97°, which indicated th t it was practic ly pure 

0 
sodium (m.p. 97.5 ). 

Tubes in which the components were of high purity were prepared by 

sing the apparatu · shown in Fig. I+. Thirty- five milliliters of 1,2-

dimethox;yethan and 2 g. of sodium were placed in side (A) . A capsule 

of alloy and a clean iron rod were placed in side ( ) • The solvent in 

0 
(A) was cooled to -75 • The apparatus w: s s.ealed and dried. The solvent 

17 

was then distilled to (B) nd back to (A) . 1,2-Dimetho.xyethane forms 

binary azeotrope containing about l°-' water by weight. Any water in ( ) 

would be carried back into (A) with the solvent to r eact with. ·the sodium. 

'l'he sol mt was distilled back to (B). A small portion t'Rs then istilled 

back into ( A). The capsule was broken and the iron rod moved out of (B) . 

The tube v1as then sealed of£. The tube s allow d to reach room t pera-

ture and tae vigorously shaken. After only a few seconds of chaking a 

deen blue color was formed . The colored solution as cooled to -75° nd 

held at that t perature for Geveral hours . !lo change in the appearance 

was observed . The tube was then warmed to room t ,perature and held 

without shaking for 12 hours. The color faded slightly during this period. 

Only slight agi.tati0n w s required to revive the original color. s the 

tube aged the grey precipit te, which w s not evident for the first few 

hours, became ore dense and the color more difficult t o revive. 

This series of experiments initiat d the belief that since the 

stability of the blue color depen ed largely on high purity and low 

t perature n apparatus which could maintain these conditions would make 



possible the transfer and dilution of the solution. The apparatus shown in 

Fig. 5 was designed to meet these requirem€!'lts. Sections (AB) and (EF) 

were built to function in approximately the same·rnanner as the apparatus 

shown in Fig. 4. The solution was prepared in (B) and forced t hrough a 

glass wool filter, (G), and into the con::l.uctivity cell. The volume of the 

original solution could be measured by the calibrations at (H). (See Fig. 

6a.) The concmtration 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 i n (E). After the desired measurements had 

been made the contm ts of the cell could be washed into tube (D). 'I'he 

solvent was then distilled back into (E). The solid r esidue was to be 

dissolved in water and analyzed for sodium and potassium. This experiment 

failed because of the difficulty in r etaining the blue color when the 

solution was transferred from (B) ir~o the cell. The blue color always 

faded before it reached stopcock (1). 

The apparatus was mcdified so that the solution could be drawn 

directly into the cell which was oonnected very close to the tube in 

which the blue solution was prepared. The cell had characterist ics 

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 thi s type. 

Further modification of the apparatus did not improve the measurements . 

In most cases the large surface of the t:ell required to house large 

electrodes also harbored impurities l'mich made the preparation of a 

stable blue color impossible. Qualitative obs """vations made during the-se 

experiments showed that iron oxide or a trace of air inhibits the forma­

tion of the blue solution. 

18 
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The apparatus in vhich successful conductance mea.surem.cnts were .. ade is 

shown in Fig. 7. The rolvent w: s purii'il!d by distill tion f rom sodium­

potassium alloy in flask (C) through the trap in (A), 1hich was held t -10°, 

into (B), which w s held nt - 75°, with (J) connected to th19 vacuum line. 

1be liquid trapped in (A) ~~~ distilled into a vacuum line attached to (L) 

after (C) had been removed. 'I'he comuctance o.f the pure solvent wes measured . 

'I'he solnnt wa.s thoo distilled back to (A) and the capsule of alloy in that 

tube broken . T't.e solvent was distilled back a.nd forth from (A) to (B) until 

the conauctance measuremE11ts indicated high purity. The conductance of the 

solvent was then measured as a function of temperature. '!'he capsule in 

side (B) was broken arrl the blue solution prepared by stirring ,ri th the 

plunger at a temperature just above the elting point of the alloy. Three 

types of xperimmts were performed using the blue solution prepared in 

this manner . 

The conductance was fir st measured as function of temperature. The 

blue solution w s cooled to -75° and allowed to stand for several minutes 

to insure an even tElllperature thro~out the cell before a conductance 

measuren.ent was made. Other readings were made with the ·ell in progress­

ively 'armer ' aths . Time was allowed for tanperature equilibrium to be 

reached. before measuring t e conductivity. The results of these measure­

ments are plotted in Fig . 8 . The conductivity of the solvmt is some, h t 

hi~her than the best values for the pure solvent. This caused the conduc­

tivity of the blue solution to be higher than the vtlues obtained in other 

experiments. The conductivity of the conductor associated with the blue 

color wu"' obtained by subtractine the conductivity of' the solvent from the 

conductivi t;y of the blue solution. In this and other conductance ex.per· ente 
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the fact that the conductance o.t' the solution is not dependent on the blue 

color alone s observed. 

·1e making the easurem.ents dewcribod in the preceeding p ragraph 

it ms not.ed that the conduct nee apparently passed through a me.xi.mum 

value ns th cell 1as w rmed. Studies ;ere ma.de in which the blue 

solution, prepared at the melting point of t .1e alloy, was quickly cool d 

0 to -75 , then allowed to warm slowly. The conductance wes measured as a 

function of the time elapsing after renoval of the cold bath. In tlese 

experiments the cell was '"ar ed from -75° with be.th at -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 f r the contri ution to the con:iuctance made by the 

pure solvent . This correction amounted at most to 0 . 8 x 10-7 ohm - l 

cm.-1 

In the last ex er ent performed usine this app ratus the blue 

solution was formed int e usual manner at about -10°. The temperature 

21 

w s allowed to incre se to about 10° nd the conductivity measured . The 

temperature was then quickly lowered to -75° and the conductivity measured. 

The solution was then llow to warm to about 10° and t he conductivity 

measured. The solution was then cooled to a.rout -10°, the blue color 

refor ed by .:>tiITing, and allowed to quickly cool t.o -75° where th conduc-

tivity was ag in measured. This la~t sequence of operations wa~ repeated 

several times as mown y the tabul tion of data given in Tabl I. 
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0 
2 
5 

20 
20c 
li,O 
·40 
t~O 
00 

90 
100 
100 
llO 
120 
lJO 
130 
11}5 ~ 
6orfi. 
600 
600 

GONDUG'l'IVIT!ES ·oF' 

-23 
-i:13 
-23 
18 

-75.5 
15 

-75 
10.6 

-75 
10 

-75 
11 

-75 
-76 
-~50 
11 

-74 
-50 
-'76~5 
19 

-75 

21.0 
,"\ ('.~: 
(.,J.:,C• 

. 25 .. 0 
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a 'l'ime was r,.,2asnx·ed f:rom the t:irn.e thfii 
;;\lloy wa~; brolrnn .. 

of 

b Blue color ':i:~o. not present.·. ];'he c;oy(h.1cV,vit;;r of 
the pure solvent at o0 was 0.8 x 10-7 ohn- cm.-! 

c O'l'.H'~ to two minutes was 1~e,;uired in caoSe to 
cool t,he cell to -75° f:rom te.'.i.1perc,tm•0. 

d The blue soluti-.:)n 
-75° b$ith .. 



11 small a.~ount of cir free water ve.por u·as cl.lowed to enter the blue 

solution tJ,t -75° E1.f't,er tiH~se data \'U~re obt('d.ned. The blue color dim:rppe.ared 

but tho conduatbr.1 ty did not chanc;e appr.eciably. It was no longer possible 

to reform the blue ool.or in tM.s solution. The con:luctiv-lty or this solution 

when ht?ated and cooled closely p~ralleled that found for the solution in 

which the blue could be reformed. 



IV. THEORETICAL DISCUSSIO 

Any mechanism proposed to explain the formation and destruction of the 

blue color an:i the conducting characteristics of the system of sodium, 

pot~ssium, and 1,2-dimethoxyethane must be in agr ent with the eleven 

observations listed belo1. 

1. The metal involved in the reaction is potassium. 

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

J . The reacting quantities a.re very small . The color producing 
product must be capable or forming an intense blue color at 
low concentration. 
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4. The color is formed at the surface of the alloy and seems to 
diffuse slowly away from the surface · hen ther, is no stirring. 

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

6. l'he blue color is not formed below the melting point of the 
alloy. 

7. The blue color is stable at low temperatures . 

8. The conductance of the solution, w1ich is very lolt, 'is not 
deptndErl t on the color . 

9. T'ne conductnnce of the solution after the blue color has 
been formed never returns to that of the pure solvent . 

10. Slight impuriti es tend to make the blue color far less 
stable, but do not appreciably effect the conducting 
characteristics of the colution. 

11. The conductance of the soluti. on is greater at -75° than at 
o0 • 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 suffici ent to unambigously establish a mechanism 

for the reaction between sodium-potassium alloy and 1, 2- dimethoxyethane 

but is adequate to make the following mechanism highly probably: 

K .+ R:R' ·R ' (1) 

(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 CH3ocH2CH2o- or CH3o- , and a free radical, either •CH3 

or •CH2CH20CH3. 

The second step (2) in the proposed mechanism is the dehydrogenation of 

a molecule of the solvent by the free radic~1 produced in the first step. 

The resulting solvent free radi cal is postulated to be the ~olecular species 

which gives the solution the blue color. 

The electrical conductance of the resulti ng solution is due to the 

potassium. and alkoxide i ons produced in the first step of the mechanism. 

The potassi um alkoxide is only ver y sparingly soluble i n the solvent 

and consequently will precipitate f r om the solution. Thus the solution 

will become saturated almost immedi ately after the reaction begins . 

I 
The molecule HR produced i n the second step will be either methane 

or methyl ethyl ether . Methane would be expected to be slightly soluble 

i n the solvent and at suffi ciently hi gh temperatures and concentr ations 

might be evolved . The methyl ethyl ether would most likely be completely 

miscible with the solvent. 

The I ni t i al Reaction. - - - T'ne first step of the proposed mechan~_sm 

invo l ves the oxidation of the potassi um atom and consequently the reduction 

of the solvent mol ecule . Thus the solvent molecule must , if th e potassium 
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is to be oxidized, be made to a.cco:mm.odate an extra electron. It seems 

reasonable t suppose that solvent molecule with an extra electron wil l be 

unstable an:i decompose i nto parts which are more stable. It is postulated 

that th parts are either (CH30CHfH2o: )- and •CH3 or CH3vCHfH2• and 

( :OCH3)-. The possibility of a spli t into CH3ocH2• and ( : CH2ocH3)- appears 

unlikely in vie, of the instability of both parts . The known reactions of 

ethers support the proposed split into an alkoxide i on and a free radical. 

In odition it would be e>.::p:!cted that the p t ssium atom would be most 

strongly attracted by t he most electrophylic part of the n;olecule- i.e. 

the oxygen . 

The stability of the potassium- .olvent co plex, wnich must be considered 

to have at least a transi ent existence in t11is reacti on, coo not be decided 

from the exp rimental data of this study, but is not critical to the di ·cus-

sion. It is suggested that the known usefulness of thi s solvent in the 

metallation of such c', mpounds es napthalene may be evidence that this complex 

is relatively stable . 

The~ Color .--- The blue color producing mol cular species i 

postulated as bei ng " free radical produced by the reaction of the free 

radical formed in the first step with a. solvent olecule. 'l'he color of 

this free radical may be due to the possibility of a 11resonance11 of an 

electron between the following positions: 

-<.· ••... ~ 
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The energy of t ese -tw structures is ~q 1. The e are thr ctly equi-

valent hydro gen a s on th ethyl up which migh participate in this 

resonance. The known ease by which f reer ic 

fro other olecules ( ctivation energy about 10 Kcal. ) and he proximity 

of the other d of t oelcule in this compound makes such reaction 

likel • The .tact that the blue color is not found for either the dimethoxy-

methane or the 1 · ethoJC;r- 2- ethox.yethane, whe~ this particul r structure is 

impossible, is ignificant. 

The resonance possible in thi molecule uld suggest that it y be 

reasonably ..,table ven though it is a. t ee radical. In highly purifi d 
{ 

solvent the t likely molecules which such a free radical ul.d contact 

rould be other solvent molecules in ,icb case re ction would result in the 

reto tion of the sol vmt free r dieal. 

Tne ne for high ity in t.m solvent for the tability of the blue 

color is obvious in view of the n tur of the blue color produci free 

r dical. Oxyr,en, water, carbon dioxide, tc. e ell kno m fr 

r dical. destroyer • 

Since the rat of to tion of the solvent free radical depends upon 

the rate of f mat1on of the intermediate (unstable) free r dical, which in 

turn depends upon the r te of the initial r action, anythi which 11 

incre se ·the rate of the initial. step will t d to increase th concm tration 

of the sol'lent . free radical,. and th refore the int sity ot the blue col • 

Since this initial step .is a heterogenous reaction the r te will be propor­

tional to the extmt of the alloy-solution int rf ce. High speed stir-ring 

will therefore c use the blue color to beco e ore inte se, unless such 

stirring incre ses the r te of de truction of th solvent free radical by 

increasing the contamination of the solvent . 
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The difficulty of forming the blue color '\"ihen the alloy is frozen may 

be explained by the slow rate mi.ch potassium will diffuse to the surface 

of tr~ crystalline solid alloy. Once the surface concentrati n is exhaust d 

ruiditional potassium must be .moved up by the slow process of diffusion in 

the solid. It may aloo b that the energy required to remove an ato · of 

potassium from the solid lattice iu excessive for the reaction. 

The stability of the blue color at low tanperatures is un erstandable 

in view of the general slowing do m of all chemical reacti ns wnen the 

t perature is lowered-- ,m.ich is enpecially arked mm he act.iv tion 

energy is low-- as i obviously true in re ctions involving freer dicals . 

~ Conducte.nce 2£. the Soluti,2!!. --- discussion of the conductance 

of this solution is simply a description of the behavior expected of a very 

dilute solution of a 1tstrong11 electrolyte in a medium of low dielectric 

constant . 

It is well lalown t t the alkali metal alko.xides are salt like substan-

ces, which when dissolved in a medium of high dielectric constant are strong 

electrolytes, i.e. may be considered as completely dissociated into ions . 

Thus a solution of sodium methoxide in methonol has properties exactly 

analogous to a soluti.on of oodium hydroxide in w ter. The ions CH30CHzCH2o­

or ctt3o- would be expected to form similar subsh.nces with pot ssium. ions . 

In a .nedium of low dielectric constant such salts associat to form 

ion pairs, which have many of the properti es of a weak electrolyte. As the 

dielectric oonstant of the medium is decreased the ''association constant" 

for the association of the ions into neutral ion pairs increases. 1he 

relation between dielectric constant and this "associ ation constant" has 

been calculated by Fuoss and Kraus?. It is founi that as the dielectric 

co11stant is deer ased critical value is reached below which as..,ociation 



increases very r apidly at first . This rapid in-

crease i n aseociati on fall off, but 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 tetraisof;Uu.ylammonium nitrate in 
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-4 

-8 

-,2 

dioxane-water mixtures. This figure shows 
-,,.,._ ___ .._ ___ ........ _____ _ 

0.2 0 . 6 \.0 

that a 1% increase in the dielectric constant Figure 10 

in the region of about 2. 4*causes about a 600% increase in the dissociation 

crmstant. 

Since both the dielectric constant and the viscosity are important in 

determining the actual conductance of a solution, it is necessary to recall 

the manner in which the equivalent ionic conductance varies with the 

viscosi ty. It is well known that the product of the conductance and the 

viscosity is approximately equal to a constant. For example, for the 

potassium. ion this product is equal to about 0.2 in a variety of solvents 

(methanol, ethanol, acetone, etc.) 'fhis is known as Walden'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 tanperature. The increase in the dielectric constant tends to 

increase the number of ions. The increase in the viscosity tends to decrease 

the eq.iivalent conductance. It is thus possi ble in a solution, in which 

.* Log 2.4 : O.J8 



association into ion pairs occurs , for th conductance to actually increase 

as the tenperature is lowered . It is also possible for the conductance to 

pass through a maximum. Both of these phenom.enon have been foun in this 

study. 

Unfortunat4il.y this explanation may not be rigorou ly tested because 

of the lack of data on the exact magnitude of tne d · electric consta."lt c1nd 

the vise sity. Juiging from the dielectric constants of similar compoums , 

it is probable that the dielectric constant is low. There was neither time 

nor apparatus available to r.iake these neaeurements for this study. 

There are other factors which may be of secondary significance in 

determining the condwtance dat o erved . One of these might be the 

time factor in reaching equilibrium of the ions and ion pairs as the temp­

erature is changed. 
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V. SUMMARY 

The blue solution iroduced when sodium- potassium alloy and 1,2-

dimetho~ethane er mixed has been investigated with reference to the 

conditions related to its fonna 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 

corduc tance., which is very low, is not directly- rel ted to the blue 

color. The conductance is greater at low t peratures than at normal 

temperatures and has a ma.xi.mum value at about -50°. T'ne con ctance 

at a particular temperature does not vary w:i. th ti.me. 

A mechanism has been proposed involving the reaction of potassium 

m tal with the solvent to produce potassium ions., alkoxide ions, and 

free radicals . The free radicals react 1,tith rolvmt molecules to 

produce free radicals which are stabilized by a r sonatin r ring structure. 

The blue color is attributed to this ro lvent free radical. 

The conductance data is ex.plained by an hypothesis based on the 

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