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Tiwi, AE SUM AHY

Carbon monoxide is reported in tre literature to react with

nolten potassium metal, givire a dark crystalline compound, po=

tassium earbonyl, Cz(CK)ge. Upon treatment with alcohol or acids,

this compound forms hexavhenol, Cr(COH)., which is the starting

point for many organic ccmpounds,

Sodium is chemically very similar tc vpotaseivm but no mention

of sodium cerboryvl is made in tre literature, Lhe objectives cf

this thesis were t~ revnroduce the revorted synthesis of vrotassiam

carbenyl, and te «

The potascium reactiny Sa rovported to have an induction per-

Lod which goes to almost zerc at 277°

Hexaphenol reacts with acetic anhydride to frrm hevsr-~-* —r-

benzene, and with the air to form dark red quinones.

One to two gram samples of the metal were washed free from

0il and vrlaced in either a stainless steel or glass reactor, The

reactor was placed in an 0il bath maintained at temperatures of be~-

tween 170 and 220°C, Dry carbon monoxide was bubbled trrough the

metal for periods rancineg from 10 to 550 minutes. It was cbeserved

that a dark grey film formed on the surface of the molten potassium

out not on the sodium.

Ethanecl was added, givine a small a small amount of grey nen-

crystalline unfilterable precipitate in the case of the rotassium,

but not the sodium. “his precipitate formed a different tyve of

precipitate when treated with acetic anhydride. This was also non-

filterable and not crystalline. The grey precipitate and the



alcoholic solution of the potassium reaction turned toc - dark red

shen left standing in the air. The sodium solution was unchanged,

From these results, it was concluded that a minute amount of

product formed in the votassium reacticpngy that ncne formed in the

sodium reaction, and that these results have little or nc apvlica-

5ility to other reaction conditiors.

ihe reason trat the synthesis did not proceea = - far as

reccrded in the literature is unknown. Fossible explanations are

offered, assuming either a two vhase reaction, or a free radical

necrani em,

[+ 3 e raconmens©3 - £ » continued on this ivntresir-

that the 77 temperature, and radiant enerev o Ek

studied 5 ~aconpmeniad that an investication be made

intc the poa~ farm: - »rarhenol as a byprcecduct in the

manufacture of sodium or potascvr “Ada. The metal cculd be

reacted with carbon moncxide, and the resulting carbonyl treated

vith ethanol. formire bhexavrhenol and the ether" "=,



w__ I8TRODUCTION

arly in the nineteenth century. elemental potassium was pre-—

pared by reduction of the carbonate with charcoal.

Ka00n + 2C = 2K + 7300

Occasionally an undesired explosive byproduct appeared. This sub-

stance was later synthesized by duvlicating the conditions present

in the manufacture. Hot carbon moroxide was passed over molten

potassium, The compound was named potassium carbonvl, and its

formula was determined to be  Cg(OK)g. The reaction for the for-

nation is as follows.
v

5
Ke.

Rok
ox

Yow
©

Jpon treatment with hydrochl. “ic acid. wail ‘Tr © alcohol, this

compound forms hexanhenol, C.(OH) zo Hexaphenol is an important in-

termediate in the synthesis of many organic compounds such as

rhodizonic acid, inositol, and tetrahydroxy p quinone, If the car-

bonyl compound could be made cheaply enough, it would have commer-—

cial possibilities.

sodium is chemically werv sinilar to petassium., Therefore it

night be expected that a carvonvl of sodium exists alse. Since

sodium costs roughly one-tenth as much as potassium, a carbonyl of

sodium would have better commercial possibilities than potassium

rarbonvl .

I'he potassium compound has been reported by several exveri-

menters in the vastj however, an extensive search of the literature

nas disclosed no mention of the sodium compound.



The reaction resulting in the formation of ithe potassium

sarbonyl was described by Brodie as follows (3). At first the car-

bon monoxide is slowly absorbed by the potassium. Greenish grey

crystals gradually form on the surface of the potassium, and upon

the surface of the surrounding reactor. (These crystals were later

jetermined to be unstable), A second phase ¢“ the reaction soon

pccurs in which the earbon monoxide is strong’

product according t Nietzke and Benckister (¢

sometimes bright grey, and at sther times reddish brown, ereern or

v absorbed, The final

3 a s0lid that is

black.

Vatmen and Sushune “4 rt | 1 he, 32
FE

x 3 v&amp;por vhase

between : . nyaporated film r * potassium and t° a garbcn monoxide.

lhey also drtermined that tre induction pericd. the pericéd when

the carbon monoxide is but slowly absorbed, is a minimum of almost

zero at 220°C. It increases rapidly tc a "critical temperature

»f 290°C above which it is so long that the reaction is halted,

Hexarhencl is revorted in the literature as being oxidized by

the air te dark erange or red aquirones (6), It reacts with ace-

tic anhydride to give hexaacetoxybenzene, which can be crystal~

lized from glacial acetic acid, and is stable in the air (1). Con-

sequently the percent of conversion cof a given sample eof metal

could be determined by forming the phenol and converting the phenol

to crystalline hexaacetoxybenzen-

The werk undertaken here had two objectives. The first was

to react carbon monoxide with potassium in order to see if the re-

sults reported in the literature could be duplicated, The second

was to run the reacticn using elemental sodium instead of potassium

in order te prepare scdium carbonvl.



111.  PROCKDUHE

a sample of the metal weighing between one and two grams

was cut, washed in hexane and weighed accurately, This sample

was placed in a reactor, covered with hexane and the reactor

was placed in an oil bath,

The bath was maintained at a temperature
-

vetween 170°C

and 220°C, This caused the hexare to evapcrate leaving pure

molten met
-

air and re °°

" trogen was passed through tre system until all

hexane vaner was nureed from tre svetem, Then

“he Tlow we

sarben mono” yr frrmed * dehydration cf formic acid with

sulfuric acid, was carefully dried over rhosrhcrcus pentoxide,

preheated by passing through a coil in the oil bath, and bubtled

np through the metal by means of a tube that extended to the bot—

tom of the reactor.

The flow through the alkalai metal lasted from 10 te 550

minutes, At the end of a run the bath was cocled down to rocm

temperature and the rezctor was again flushed with nitrogen.

heagent alcchol was added to form hexavhenol, and the volume

of any gas generated was noted. Any precipitate was filtered, or

the liquid was decanted off

The precipitate was treated with acctic anhydride while the

solution was allowed to stand in the air

Ten runs were made in a resctor which wes a evlinder of

stainless steel, described under apparatus. Three runs were made

asing potassinm in a glass reactor which was a six-inch pyrex test

tube covered with screening. One run was made using sodium in the



class reactor,



Joo RaSULTS

5 was not possibls to auplicate entirely the results re-

ported in the literature concerning the reaction cof potassium

and carbon monoxide

Preheated carbon monoxide was found to form a black film

on the surfact of molten notassium, and occasionally a pit of

lark: brown materi ~

hen treated with alcohol .laree One “28 WAS gene-

ratea, so large that 1+ exceeded the capacity of the gas ccl=-

lecting tube. The resulting solutior had a smell amount of gray

precivitate present. Lost of this vrecipitate dissolved when

the solution was heated. I'his precivitate was not ervstallines

and when filtration was attempted on the cold solution. the pre=—

cipitate was absorbed vy the filter paper.

‘he precipitate was severated by decantation. and treated

with acetic anhydride. a new brown precipitate arveared, dif-

ferent then The original precipitate, but also non-crystalline.

this pre vo Jikewise was absorbed by the filter paper.

the maper on which the original precipitate wus absorbed

turned from an o~iginal color of grey to a dark red-orange upon

standine in the r-

he decanted alcoholic solution was a light vellow-green.

“hen stored under nitrogen, it did not chance colon but when

left standing in the air the color changed to a dark orance-red,

When preheated carbon monoxide was bubbled through molten

sodium, no reaction occurred, no black film formed on the surface



of the metal, no grey precipitate was present in the alccholic

solution, and no color change occurred in this sclution.



Ve DISCUSSION OF RESULTS

The results show that it was not possible to confirm quanti=-

tatively the results reported in the literature concerning the re-

action of potassium and carbon monoxide to form potassium carbornvl.

However, the quantitetive results indicate that a minute guentity

vf potassium cartonvl formed-

The carbonyl is reported in the literature = 3 beinr . dark,

sometimes grey or black material, It was found that a dark grey

naterial formed on the surface of the votassium during the reze-

tion.

Th c-omnound reacted with alcohcl and went partly into solu=

tion when heated
Ty

{ literature rerorts that potassium carbonyl

recacte with alcohol to form hexavhencl, which is slightly soluble

in cold alcohcl.

The cold alcohol soclution had a greyish precipitate pres-nt

in it. “oth this precipitate and the sclution turned from an ori-

cinal light color to a dark orange-red when left standing in the

oir, but did not change color when bottled under nitrogen. Hexa~

chencl is rerorted to be oxidized bv the air to guincnes which are

dark orance=red in color.

I'he literature revorts a large guantity of crystals formed in

the reaction, but only a thin black film was present in the reactor,

The literature reports that when hexaphenol is treated with

acetic anhydride, it forms hexaacetoxybenzene., This compound

forms as a precipitate and can be crystallized from glacial ace-

tic acide It was found that the precipitate present in the al=-

cohclic solution reacted with acetic anhvdride and formed a



i.

precipitate, However, the precipitate was not soluble in glacial

acetic acid, acetic anhydride. or water, ana was not crystalline,

could not be crystallizec, and did not have a melting point below

250°C,

hese three things, the formation of &amp; grey film and rrecivi-

tate, the oxidation of the alcoholic solution, and the reaction

with acetic anhvdride all confirm an assumption thet a minute a

mount of tle potassium has reacted with the carbon mcnoxide to

form the carbonyl.

No explanation vc "Fer i fer th a
4  qd melting point

behavior of the mradnet formed with acetic anhbvdérs

‘he reason fi» the reaction not goines 2s Tr rerorted

in the literatures is unknown Saweral evnlgnatimegrenoeceilble

but are based uvon assumptions rather than faet

One assumption is that some of the potassium evavoreted, and

this gaseous potassium was in contact with scme carbon monoxide

for a longer time than the induction vericd reported in the lit-—

srature., This condition should have been reached somerlace along

the surface of the metal, if not in the passage of a bubble up

through the molten metal, A seccnd assumntion is that the reaction

Ls vapor phase, which Neiwan and ‘Sushunov report

Many vapor phase reactions have free radical mechanisms, and

s0 a third assumption is that this reaction is of that type. Most

free radical reactions such as the chlorination of hydrocarbons are

catalyzed by radiant energy. This author would like to postulate

the following mechanism for the reaction, assuming that it is cata-

lyzed by radiant energy in the form of light.



2K (liquid) = Ky (gas)

light = 2v

TP ‘eClio! + Keo = 3cidiK

stated

3y DA

Kids

1KRO:C

&amp;
»®

K
0

Liox Xo (7 1°"
SiS — Ko Oo, ox

nn

ae the mechanism, ard making the assumptions

"+ “gs pessible to explain many of the vhenomena

07 the re

cr Tr - Ee vt ~ would 1 sufficiently ac-

tivated tH» frr

lysis, just due t

for the reaction to g&gt; quantitatively, the vrecence of a catalyst

smount ¢f product without light cata-

is evidently necessarv.

The mechanism explains the induction nericd, the vericd in

which the intermediates build up to sufficient concentration to

cet together in grouvs of six. It also exnlains the inerease in

heat in the second phase of the reaction when the CO grours com=

bine to form the carbonyl and give off some of their extra energy

as heat.

The reaction wns run at first in a sealed stainless steel re-—

actor in which no light was admitted. The thermal radiation from

the walls of the reactor was evidently not sufficient to make the

reaction go quantitatively.



shen the glass test tube was used for a reactor, it was

vrarped in three layers of screening to prevent any flying glass

in case of exvlosien, The tube was placed well dcwn in the oil

bath for good thermal contact, and there was very little chance

&gt;f any incident light falling on it. This would explain the

failure of the reactior tc go in the glass resctor.

[In the past, the reaction was probably run in at least room

light which would catalyze the reaction,

inother exmlanation can be otfered for the failure to repro=-

duce the data of the literature, based on the assumption that the

reaction is not wvanor phase, but is two phase, betwean the carbon

monoxide and the liocuid potassium. The rate of reaction would be

limited bv the rate of diffusion of thre reactants to the reacting

interfac:

+ resent on the interface would inhi-

bit the reaction. It is vossible that all ¢f the mineral oil in

which the pctassium is stored was not washed off. This would

leave a thin tilm of oil on the surface of the metal and effec~

tively slow down the rate of diffusion of the gas to the metal =o

that the induction period was never exceeded quantitatively, and

only. a very small amount of the product could form.

Another contaminant of the interface could be elemental car-—

bon or potassium carbonate, This could be formed either bv rever-—

sal of the reaction of the formation of elemental potassium, or by

reversion of carbon monoxide to carbon dioxide and carbon.

 YK - 300 = K;C0, + 2C

200 = (0.



This carbon film could be the black substance that did not

dissolve in alcohol and water. Any such film would adhere to &amp;

filter paper and zsvpear to absorb on.it, The alcohelic precipi=-

tete in tre reaction was absorbed by the filter paver.

[t was thought that the first ten runs made using the stain-

less steel reactor were inhibited by the reactor walls. Therefore,

the next three runs were made using a glass test tube for a reac-

tor. Hewever, since quantift

either reactor it

effect can b~

mY, ry

was no

Sta At i ie

ardinum showed 1 y tendency 3 ~3 since there

“m,
Tht product formed, ard the sodium anpeared to

he comm? +a‘vv unreo~

An e"milibrium exmression far th- aortan3 F were gua

phase would involve the product of the fueacities of carbon mono-

xide and the metal, both raised to the sixth mower, At the experi-

mental temperature the vapor pressure of votassium is 2 « 10

: : id
while the pressure of sodium is only 5 x 10 or one fortieth as

much, Since the pressures are so low, the fugacities can be re-

nlaced by the varor pressures, The pressure of sodium to the sixth

power would be only about 2.4 x 10' as great as that of potassium,

However, the values of the eauilibrium constants for both re-

actions are unknown, and the constant for the sodium reaction need

rot be of the same order of magnitude as that of the potassium.

lf it were larger, it would decrease the effect of lower vapor pres—

sure.



Any inhibiting effects that are applicable to the potassium

reaction are equally applicable to the sodium reaction.

The experimental run using sodium therefore showed only that

ander the stated reacticn ccnditions, no product forms. This re-

s111lt has little anplicabilitvy to different reaction eorditions.



Je
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CONCLUSIONS

On the basis ¢° “= facts of the experimentsl work, only

wo conclusions can be dravr

The first is that under the ewwerimental conditions de-

scribed, no reaction occurs tetwern sodium 2nd carbon monoxide.

lhe second is that under the exmerinental conditions ce-

scribed, it is impossible to dunlicate wvuuntitatively the re-

sults reported in the literature concerning the reaction of

potassium and carbon monoxide. any vroduct that formed was

minute in quantity, norn=crystuelline, and absorbed cn a fil=-

bering meaium,



CF

VII. RECOMMENDATIOMS

~zccmmended that work be continued on the synthesis

of sodium carbenyl. In order that tre results rey be more franit-

ful than these obtained here, it is recommended thet the following

modifications be mace in procedure.

1) That the reactor be made of transrarent reinforced

glanm-

2) Trat temverzture level be controlled by means of

either a bath of transvarent, heatstable oil, or an oven

3) That the effect of light of varios frecuencies te

studi

0) me

5} 7

than
:

TMMY- eg Tr

tainire the metsl sham”

"x

-y we - « hh » studied,

Dy EY » operation rather

ve The reactcr con=-

wv icnated; charged with car—-

"on monoxide, and the rate of the reaction recorded by

the fall in pressure. This would eliminate any possi=-

5ility of the induction period not being exceeded by the

cogs bubtling through at too rapid a flow rate.

5) 1hat the metal be washed many times with an inert

solvent to remcve any possible oil file.

7) That a study be made on the purification of sodium

or potassium ethoxide formed when ethanol is =dded to the

carbonyl. These ethoxides are now used as catalysts in

many base catalyzed condensation reactions, They are pre~

pared by reacting the alkalai metal directly with ethanol, By



reacting the metal first with carbon monoxide and

treating the resulting carbonyl with ethanol, it

might be possible to obtain a valuable by-preduct,

nexaphenol, at very little additional expense.
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i

APPARATUS

‘he apnaratus ; shown schematically on igure I. All let-

cers refer to that figure

Jitrogen was admitted t+ the rratenm ITOn cr 3 |»r..inder through

2 valve (A). A sevaratory funnel (7) containing fermic acid

allowed drops to fall on sulfuric acid which was heated on a

hotplate in a flask (C). This generated carbon monoxide.

pressure relief line Joined the top ol the sevarstory funnel te

she wain line in order to allow the drops to fall.

Flask (D) is an empty flask provided to prevent any of the

pctassium hydroxide solution in flask (az) from enterine the sul-

furie acid.

the carbon monoxide bubbled through the mectassium hydroxide

and then passed through a large tube packed at (+) with calcium

shloride, and at (6G) with phosphorous ventoxide.

anothor tran at (. | ia previded to prevent any molten metal

from sureinge baci: from the reactor and contactine the vhosvbhorous

pent ov

Ms - . Na can roo 1 vreheating coil Ie 1 bath (0)

through a three-wav valve

bled through the molten reacting metal. It tren passed through

sn 0il trap (M), a three-wav valve (P) and was exhausted out (I)

bo the hood

"into the reacter iL) where it bub-

4 second sevaratory funnel (J) was vrovided for admitting

ethanol to the reactor. DIoth three-way valves were changed when

she ethanol was admitted. The valve (J) cut off the first part of





LEG 2d) SIGURS I

Needle valve

Senaratory funnel containing formic acid

x
" 500 ni. flask containing sulfuric acid. on hot plate

D. 200 ml, flask

J - 200 ml. flask containing aqueous potasgiun rydrexide solution

Calcium chloride in a long drying tube

Prhosvnhorous pentoxide in darvirge tube

200 1 {flask

Copper cC

Separatory funnel cont ning

React

ethanol

Comm LN ~ through which water flows

Zo “Mask containing mineral oil

Gea .  lactine tube

3 0 "

Tyee5s ~ atoDeocls

Heat~r thermostat combination

Ixhaust to hood
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the system, and the seccnd directed any ges generated to a col-

lecting tube (N) where the volume could be noted vy the volume

1 water displaced,

he oil bath was heated and mainteinee at reaciticn tempera=

ure Ly a heater thermostat combination (Q)

At the completion of a run, the bath was ccoled te room tem

perature by passing water through cooling coil (I).

11 tubing used in the apparatus was one cuarter inch in ala=

neter, and was fastened together by meazns cof rubber tubing.

fhe reactor shown in Figure 2 consisted of a stainless steel

cvliinder threaded on the outside. Screwed onto these threads was

a ring of cold rolled steel. tour bolts which bolted cn the cover

clamp were fastened on to tris ring. The cover clamp held a machined

stainless steel cover tightly against a machined surface on the top

&gt;f the reactor. A tight fit was insured by means of 2 soft comer

casket.

ATly ran quarter incl stainless steel tubes were silver sol-

dered to the cover. Une reached aliiost to the bottom of the ecylin-

der and was used Tor admitting the carbon monoxide. The other ex-

bended just through the surface or the cover and was the exit for

the gages

Valves were fastened on both tubes so that the reactor could

be completely sealed.

‘he reactor was made of this heavy steel because it was

shought that potassium carbonyl might exvlode.

The glass reactor was a six-inch pyrex test tube, sealed with

, two-hole rubber stopper. Through one hole, a small piece of glass





tubing extended to the bottom of the test tube, through the other

10le a second piece of glass tubing extended about one inch. “his

vas for the entrance and exit of the gas respectively.

fubber tubing was attached to the outer ends of the glass

subbing, and could be sealed by means of vpincheclanmvs.,

Protection acainst explosion was obtuined by wranpine thre test

ibe in three lavers of wire screenins,

the entire system was kept under &amp; hood because of the danger

of carbon monoxide leaks, as an acded precaution, an ampule for

Lhe detectiond carpvon menoxide was placec at head level cutcside

the hood. ‘his ampule would turn dari if the ccecrncentration of

carbon monoxide in the room vecame dangerous. It ic manufactured

oy Mine Safety appliance Co,



DETAILS OF PROCWDURY

A sample of about one gram of metal was cut, and washed in

2, hexane fraction of petrcleum to free it from any of the heavy

mineral oil in which it was stored. The exact weight of the me-

tal was determined on an analvtical balance in a weighine hottle

half filled with heyane. ‘The metal was then mlaced in tre resctor

~overed with hexane, and the reactor was cealed,

The heater on the oil bath was started; the bath wos brought

0 the reaction temmerature, and kept there by a thermostat, bSul-

furic acid in the first flask was heated to about 100°C, and the

antire system was flushed out with nitroeen for aboat 15 minutes.

he re~-" Hr was then mnliaced i
- A

Lt bat)h ancnd one val1ve

Jes omens. °  that the heated hexanw cru. Choiroft and be cole

jected |
TC

L trap, The other valv - 01 the reactor was opened

ond mor: nitrogen was passec through until «all of the hexane wvanor

was pute

The f1ow ” f nitrogen was stopped and formic acid was intro=-

duced dropwise into the sulfuric acid forming carbon monoxide. =:

rather large flow rate of this gas was maintained for about five

ninutes to purge the nitrogen from the system... This required

approximately 5 ml. of formic acid. The flow was then adjusted

so that about one bubile per second escaved from the bubiler in

he bottom of the potassium hvdroxide tran.

Huns were made at temperatures ranging from 170° to 222°C,

and lasted from 10 to 550 minutes.

At the end of the run the flow of formic acid was stopped.



she heater disconnected, water was circulated through the cooling

coils of the bath, and the system was again purged with nitrogen

to remove all car on monoxide. When the bath reached room tempera-

ture, the nitrogen was shut off and the three-way stovcocks were

changed so that the alcohol could flow into the reactcer and any

cases generated would flow into the collecting tube,

About 10 ml, of alcohol or e&amp;acetic anhdride were slowly ad=-

mitted into the reactor. The effiuvent gases were collected in the

tube until its capacity was reached, and the remaining gases were

axhausted to the hocod.

it, first it was intended to form hexecacetoxvbenzene directly

in the reactcr nv the addition of acetic anhydride accordine to the

following react.

this was ¢.

po

ne in runs +d Howewe » 1

Fes SN ENS

500HA

anhydride coes not

react with the residual votessium and difficulty was experienced in

destroying the potassium, Jn order tn destroy the metal slowly, an

acid had to be formed; so water was added tn the reactor.

(CHzCOD)-0 + Hz0 = 2 HOOCCHa

K + HOOCCH. = WOOGCH. + 1/2 H-

However, the potassium reacted preferentially and violently with

che free water vresent, liberating hydrogen, which caught fire.

~harrine the entire contents of the resctor

As &amp; consequence,insucceedingruns. ethanol was admitted to

the reactor, This reacts with the carbonyl to form hexahydroxy-

senzene (hexaphenol) and with the unreacted potassium to form



potassium ethoxide. Both reactions proceed at a slower rate,

5 C4(0K)g + 6 Cpl OH = Cg(OH)g + 6CoHLOK

{+ CH. 0H = CuH.0K + 1/2 WF

The contents of the reactor were washed into a beaker. Lhe

solution or slurry was then treated bv one of the following pro=-

redlures.

The slurry was filtered and the resultine precipitate

was treated with hot acetic anhvdride., This formed heyveacetoxy=

benzene from anv hexaphencl present, and potassium acetate from

any potassium ethoxide or potassium hydroxide present. The ar=

hydride solution was then diluted with water for feorm an acueous

scetic acid solution. In this cold solution ali species present

are soluble but the hex: acetoyxybenzene. The solution was filtered

and the rrecinttate treated with hot glacial acetic acid to recrystal-

lize the hexaacetat

R. The slurrv was filtered and the alcoholic solution was

allowed to stand in the

~ Entire reactor contents were evaporated almost to dryness

nd then treated by the same procedure described in 2

D. Same as B except that crystallization of the hexavhenol

vas attemvted from water, alcohol, and ether.

The material balance was set up in the followine manner. In-

put was determined by direct weiching of the metal. Product was

to be determined by two methods. The first of these was by weigh-

ing any crystalline product obtained, The second was = method

using the volume of gas generated upon addition of alcohol to the

reactor. Potassium carbonyl reacts with ethanol by an exchange



reaction and does not liberate any gas. The unreacted potassium

reacts with the ethanol liberating ore half mcle of hydrogen ior

every mole of potassium present. The volume of gas generated would

sive directly the amount of notassiunm unreacted.
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SUMMARY OF DATA ANDOBSERVATIONS

The reaction conditions of the synthesis are listed below for

Fhe fourteen runs made.

Run Temp, °C Wt. Sample Reaction heagent added
grams *,002 Tire min. to neactor

+2

[W,

2

13
 nm

19842
190410
185+15
180x1C
200+2
19923
22042
220%2
205+1"
22242
20146
22242
22212
222t2

Ja2b5
4280

3
3

L
v

}4
A

je
0
Vi)

1

J
5

A

300
»

Acetic aArhydride
acetic Anhydride
acetic Anhydride
wthanol

kthanol
mthanol
zthanol
ht hanol
Kthancl
tthanol
Ethancl
athancl
Ethanol
Wtrheonol

Jbservations and Procedures:

Tn runs 1 through 10 a.l observations begin with a des-

cription of the contents of the reactor after the stated reagent

was added. In runs 11 through 14 observations begin with a des-

cription ¢f the contents of the reactor before anv reagent was

added.

Kun©

1 very few dark specks were present, and most of the po=-

bassium appeared unreacted. Glacial acetic acid and water were

added and the resulting mixture was washed into a beaker. Trere

Lhe potassium slowly reacted; the soluticn became turbid, but no

precipitate formed,

Run _.

i black material was present along with a large amount of



X Ii

unreacted potassium. The gas apveared to have channeled up through

the metal. The acetic anhydride solution was diluted and filtered,

but the small amount of vrecivitate present was absorbed by tre

filtvr paver.

kan

The mater’ .1 in the reactor looked evactly tre same as in

run z Difficulty was experienced in destroying the unreacted vo-

tassium. It reacted violently with the water added as a diluent

Le the acetic anhydride and the resulting gas caught fire. This

charred the contents of the reactor, The charred material was fil

tered oute No crystals formed from the filtrate.

Run "

reddien ereen solution resulted with . noticeable amount

of grow mrerinifate, The sclution was filtered but the preciri=-

tate was nc erystelline and was ads2rbted by the filter vaper, Nc

product resulted.

Ran*

The resulting solution was pale yellow with a precipitate of

white and black particles that were partially scluble in weter.

The slurry was bottled under nitrogen overnight and did not chrenge

color, It was filtered, giving no crystalline product, but leavine

a greyish material on the filter paper that slowly turred dark red

in the -

The filtrate was evavors*™

tete formed that looked 1°°- A

Tmo« -drvness and a precipi-

“his eel wes disselved in

ethanol. No crystals cculd be induced to form. The solution was

again evaporated. The precipitate was dissclved in water. Once



nore no crystals would form, It was evarcrated almost tc dryness.

sther was added and heated to boiling, but the precipitate would

not dissolwr

ha ether was boiled off and the prrecipitate was redissolved

in alcohol, It was allowed tc stand overnight in the air and the

solution turned dark red,

Run €,

The alccholic solution was identical with that obtained

run 5. No crystals would vrecipitate from it.

man 7

a considerable quantity of greyish precipitate was present in

the alcoholic solution, To a small portion of this material more

alcohol was added disenlvine most of it. but leaving a small amount

of black precivita!

The alcoholic solution was decanted from most of the original

precipitate, angcetic anhydride was added to this precipitate and

heated, A vigorous reaction took place with the evolution of a

large quantity of gas. The solution was diluted with water, and

no precipitate was present. The solution was evaporated to dry-

ness, It turned dark brown. Water was added, giving a brownish

sclution with a brown non-crystalline precipitate. The 1liguid was

decanted and the precipitate was treated with hot glacial acetic

acid. The precipitate was not soluble, and did not melt when

heated to 250°(0.,

The alcoholic solution from the reactor was evaporated almost

to dryness, treated with acetic anhydride, and diluted, 4 brown

precipitate formed agair. similar to the one abcve. This precini-

tate also was not cervstalline. could not be filtered. and was not



soluble in glacial acetic acid,

Hun 8 o

i black vrecivitate was present in the reactor. The contents

were evaporated to about 1 ml, Five ml, oI acetic anhydride were

added, This wes diluted with weter and filtered, Tre small amount

of precipitate formed adhered to the filter paver. There was i

crystalline product,

Hun 9.

Results the same as run 3.

Run 10,

Lar» amount « ~ black precipitate present. This was filtered

off and discarded. 1% looked like carbon black. The sclution was

a 1" «ht dirty orange cclor, Uron standine in air, it turned dark

red.

Eun

This run was made using cunditiones similar toc those above, but

a glass test tube was used instead of the stainless stesl reactor.

The cold tube was removed frcm the bath after the run and before

any alcohol had been added. The tube had a devosit of solid un-

reacted potassium on the bottom. The tup of the potassium was co-

vered with a black film, while the metal itself seemed almost en-

tirely unreacted.

Ethanol was added and the potassium destroyed. A black pre=-

cipitate was left that was similar to that found in the runs made

ising the stainless steel reactor

I'he original solution was almost colorless, but turned dark

orange upon standines overnight in the air.



Run 12.

This run was also made using the glass reactor, After the

carbon moncxicde had passed through for two hours, the resctor was

sealed off and removed from tre oil bath while still hot. White

specks were present cn the side of the tube, Black and grey par-

ticles were present on the bottom floating on a layer of liquid

potassium. The tube was revlaced in the oil bath and CO was

pasced through it for one hour more. 1t was removed again, and

observed, but appeared just as before, It was replaced in the oll

bath and cooled. Alcohol was added and a large amount of gas was

evelveds 4 precivitate was tormed in a pale yellow solution. The

soluticn was decanted and the precipitate treated with acetic an—

nydride., producing a viclent reaction, When the reaction subsided,

water was added, ard a small amcunt of urfilterable vprecivitate

Nas preeraent

The decanted alcoholic sclution turned dark orange after stand-

ing overnight.

Bun 1°J

{n this run the apparatus was modified so that the gas went

directly into the reactor as soon as it left the preheating coil.

Tne tube was removed frcm the hot oil bath and examined. On the

surface of the molten potassium was a black film that had the ap-

pearance of carbon black, 4A few brownish specks were also present.

The tube was cooled in the bath, Alcchol was added to give

2 pale yellow solution with a ~revish precipitate that was par-

tially soluble in water, Uvon standing in air the solution turned

dark crange, No erystals could be induced to form.



Run 14, Sodium

This run wes nede using sodium in a glass test tube, The

tube was observed during the course of the runs; no reaction wes

svoarent. and no black film formed on the surface of the molten

metal, The tube was cooled, and alcohol was added. There was no

nrecipitate and the solution did not derken upon standing in the

117,
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LITERATURE SURVEY

In the year 1625 metallic potassium was prepared by the

reducvion of the carbonate with charcoal according to the fol=

Lowing reaction.

5s CO0m += 2K 3C0O

Occasionelly a grey explosive mass apneared as an undesired by=-

oroduct of this preparation.

[n 1834, Justus von Liebig became interested in this reac-

tion. In his laboratorv he massed preheated carbon monoxide over

2lemental votassinm. ard obtained this dark grev mass. His ex=

periment=1 ~~ 7 Anmmlicated those present i . the paenufacture

of the » ~ +. £-
4

oy 11 carbon nionoxy’ y was ~~ tont with hot

potassium. 7h product evnloded vi lent” 1°  vr a1 contact with water

and reacted violently with hydrochloric acid

In 1860 Brodie repeated thi= exveri:ent

it as follows, At first the carbon monoxide is absorbed slowly

'n described

by the potassium. Greenish grey crystals gradually form on the

surface of the surrounding reactor. (These crystals were later

found to be unstable.) A second phase of the recetion soon occurs

in which the carbon menoxide is rapidly absorbed, the crystals be-

come dark red. and there is a large evolution of heat. Bv weich=—

ing the reactor before and after the reaction. Brodie determined

that one mole of carbon monoxide was absorbed for every gram atom

of potassium present, This gave the compound the empirical formula

yf KCO.

(n 1865 Wietzki and Benizister ran the reaction, but under more



controlled conditions. (2) They took about five grams o f potag=

sium, carefully dried it from petroleum and placed it in a short.

rather wide combustion tube, This tube was mlaced in a sand-rilled

cutter, and heated with a simple bunsen flame,

[n one end dry, CO, free, carbon monoxide was admitted. This

das collected at the other end in a collecting tube by disnlace-

nent of mineral oi”

The carbon monoxide displaced the air in the tube, ana tne

potassium was then heated to somewhat over its melting point.

They found that the reaction proceeded rather slowly at first

ond did not accelerate with rurther heating. after a while. a

oreen crystalline mass apveared on the surface of the potassium,

a second phase of the reaction began in which the carbon

monoxide was absorbed so strongly that it was not possible to mein-

bain an excess bubbling into the gas collecting tube,

The product was a s ~ 1 that was sometimes bright erey, and

other times reddish brown, green

difficult to remove from the rear’

» black, It was Tound to be

They also renorted that if th: compound was vrevared from com-

pletely dry gas, and that if local overheating was eliminated,

there was no explosion. They found that the product was not pyro-

phoric and that the cold reactor could be safely ovened in the air,

though it would react unon lone exposure.

As a result of thelr exveriments. Wietzki and Benicister con-—

firmed the empirical formula of XKCO and round that the true for-

mula was Cz(0K) ce.

‘hey found that the carbonyl would react slowly with alcohol



and go into solutionj would react with hydrochloric acid to form

nexaphenol, and with acetic acid to form hexaacetoxybenzene.

of

C

~
“

4 es

7
1

-

6C-l 0H = CpelOH'- + 6 CoH OK

"ICL 7 C

(CELC Y 3 ( CUCTHA ) +  6UHL COOK
Wi

(n 1950 lleiman and Sushunov ran a series of reactions to de=

sermine the nature of the induction period of the carbonyl scr-

nation. (8) “he induction veriod is the vmeriod when the carbon

monoxide is slowly absorbed. They found that at a pressure of

10 mm, of mercury, the induction period was a minimum of almost

zero at 220°C, and that it increased rapidly to a "critical tem=-

perature" of 290°C, 4ibove this temperature, it was so long that

the reaction was praciically halted, They also concluded that

she reaction was vapor phase between carbon monoxids and an eva-

porated film r
.

otas

pelow 170° the main product of tn y react’ on between carbon

monoxide and votassium is Co(0L)s. above 170°7 the product is

mostly C-{0K)z. The latter is whet is usually called votassium

aT DOT

Hexanhenol is an important intermediat y in the manufacture

of leuconic acids tetrahvdroxyquinone, and other organic chemi-

cals. (7) It is oxidized by the air. does not melt, but turns

lark at 20607

Hexaacetoxybenzene can be formed directly from the carbonyl

as described above, or can also be formed from hexaphenol, by re-

action with acetic anhydride.

[he reaction for this formation is as follows!



CS(UH) + 6(CEzC0)20 = Cg(UOCUHs)g o CH, COOH

'nere is no menticn of sodium carbonyl in t+» literature.

Since sodium is chemically very similar to potassium, and the

reaction between potassium and carbon monoxide is thought to be

vapor phase, it 1s probable that any reaction vetween sodium

and carbon monoxide would be vapor phase alse

he vapor pressures 0i sodium and vmotassium, as functions

of temperature can be determined from the ecustions of the Inter=—

nation Critical Wables. (7)

Potassium

Sodium

Log. P

Log oF

0

LO.
oompe

P is pressure in mm. of mercury and T is temrerature in decrees

Kelvin.
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