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1, SUMNARY

Carbon monoxide is reported in the literature to react with
molten potassium metal, giving a dark crystalline compound, po=-
tassium carbonyl, Cé(OK)s. Upon treatment with alcohol or acids,
this compound forms hexaphenol, CG(OH)G' which is the starting
point for many organic compounds.

Sodium is chemically very similar tc potassium but no mention:
of sodium carbonyl is made in the literature, The objectives of
this thesis were to reproduce the reported synthesis of potassium
carbonyl, and tc go on and study the reaction using socdium,

The potascsium reaction is reported to have an induction per-
iod which goes to almost zero at 220°C,

Hexaphenol reacts with apeiic anhydride to form hexaacetoxy-
bengzene, and with the air te form dark red guirnones,

One to two gr;m samples of the metal were washed free from
0oil and placed 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 earbon monoxide was bubbled through the
metal for periecds ranging from 10 to 550 minutes, It was cbservéd
that a dark grey film fermed on the surface of the molten potassium,
but not on the sodium,

Ethanel was added, giving a swmall & small amount of grey nen-
crystalline unfilterable precipitate in the ecase of the potassium,
but not the sodium. <+his precipitate formed a different type of
precipitate when treated with acetic anhydride. This was alse non-

filterable and not crystalline. The grey precipitate and the



alcoholic sclution of the potassium reaction turned to a dark red
when left standing in the air., The sodium sclution was unchanged,

From these results, it was conclyded that & minute amount of
product formed in the potassium reactionj that ncne formed in the
sodium reaction, and that these results have little or no applica-
bility to other reaction conditions.

The reason that the synthesis did not proceed as far as is
recorded in the literature is umknown, Possible explanations are
offered, assuming either a two phase reaction, or a free radical
mechanism,

It is recommended that research be continued on this synthesisj
that the effeects of pressure, temperature, and radiant energy be
studied, It is further recommended that an investigation be made
into the possibility of forming hexaphenol as a byprcduct in the
manufacture of sodium or potassium ethoxide. The metal could be
reacted with carbon monoxide, and the resulting carbonyl treated

with ethanol, forming hexaphenol and the ethoxide,



11, INTRODUCTION

Early in the nineteenth century, elemental potassium was pre-

pared by reduction of the carbonate with charcoal.

K;C03 + 20 = 2K + 3C0
Occasionally an undesired explosive byproduct appeared, This sub-
stance was later synthesized by duplicating the conditions present
in the manufacture, Hot carbon monoxide was passed over molten
potassium, The compound was named potassium carbonyl, and its
formula was determined to be Cg(OK)gs The reaction for the for-
matien is as follows,.

6K + 6C0 = o K

K

Upon treatment with hydrechleric acid, water or alcehol, this
compound forms hexaphenol, Cé(OH)6. 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 emough, it would have commer-
cial possibilities.

Sodium is chemically very similar to petassium, Therefore it
might be expected that a carbonyl of sodium exists alse. Since
sodium costs roughly one-tenth as much as potassium, & carbonyl of
sodium would have better commercial possibilities than potassium
carbonyl,

The potassium compound has been reported by several experi-
menters in the pasti however, an extensive search of the literature

has disclesed no mention of the sodium compound,



The reaetion resulting in the formation of the potassium
carbonyl was described by Brodie as follows (3). At first the car-
bon monoxide is slowly absorbed by the potassium. Greenish grey
erystals gradually form on the surface of the petassium, and upon
the surface of the surrounding reactor, (These erystals were later
determined to be unstable). A second phase of the reaction soon
eccurs in which the earbon monoxide is strongly absorbed, The final
product according to Nietzke and Benckister (3) is a solid that is
sometimes bright grey, and at other times reddish brown, green or
black.

Neiman and Sushunov reported that the reaction is wapor phase
between an evaporated film of potassium and the carben monoxide.
They also determined that the induction pericd, the pericd when
the carbon monoxide is but slowly absorbed, is a minimum of almost
zero at 220°C, It increases rapidly tc a "eritical temperature"
of 290°C ahove which it is so long that the reaction is halted,

Hexaphencl is reperted in the literature as being oxidized by
the air te dark erange or red quirones (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 (l). Con-
sequently the percent of conversion of a given sample of metal
could be determined by forming the phenol and converting the phenol
to crystalline hexaacetoxybenzene.

The work undertaken here had two objectives, The first was
to react carbon monoxide with potassium in order to see if the re-
sults reperted in the literature could be duplicated. The second
was to run the reaction using elemental sodium instead of potassium

in order to prepare sodium carbonyl.



111, PROCKDURE

A sample of the metal weighing between one and twe grams
was cut, washed in hexane and weighed accurately. This sample
was placed in a reactor, covered with hexane and the reactor
wae placed in an o0il bath,

The bath was maintained at a temperature of between 170°C
and 220°C, This caused the hexane to evaporate leaving pure
molten metal, Nitrogem was passed through the system until all
air and residual hexane vapor was purged from the system, Then
the flow was stopped.

Carbon monoxide, formed by denhydration of formic acid with
sulfuric acid, was carefully dried over phosphorous pentoxide,
preheated by passing through a coil in the oil bath, and bubtled
up through the metal by means of a tube that extended to the bot-—
tom of the reactor.

The flew through the alkalai metal lasted from 10 te 550
minutes. At the end of a rum the bath was cooled down to room
temperature and the reactor was again flushed with nitrogen,

keagent alcehol was added to form hexaphenol, and the volume
of amy gas generated was noted. Any precipitate was filtered, or
the liquid was decanted off.

The precipitate was treated with acetic anhydride while the
solution was allowed to stand in the air.

Ten runs were made in a reactor which was a cylinder of
stainless steel, described under aprnaratus, Threé runs were made
using potassinm in a glass reactor which was a six-inch pyrex test

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



glass reactor,



1V, RiSULTS

It was not possible to duplicate entirely the results re-
ported in the literature concerning the reaction of potassium
and carbon monoxide.

Preheated carbon monoxide was found to form a black film
on the surfact of molten notassium, and occasionally a bit of
dark brown material.

When treated with alcohol a large volume of gas was gene-
rated, so large that it excesded the capacity of the gas col=-
lecting tube. The resulting solution had a smell amount of gray
precipitate present, Most of this precipitate dissolved when
the solution was heated. This precipitate was not erystalline;
and when filtration was attempted on the cold solution, the pre-
cipitate was absorbed by the filter paper.

The precipitate was separated by decantation, and treated
with acetic anhydride. & new brown precipitate avpeared, dif-
ferent then the original precipitate, but also non-crystalline.
This preciritate likewise was absorbed by the filter paper.,

ihe paper on which the original precipitate was absorbed
turned from an original color of grey to a dark red-orange upon
standing in the air,

The decanted alcoholic solution was a light yellow-green.
When stored under nitrogen, it did not change colon but when
left standing in the air the color changed to a dark orange-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 alcoholic

solution, and no color change occurred in this solution.



¥, DISCUSSION OF RESULTS

The results show that it was not possible to confirm guanti-
tatively the results reported in the literature concerning the re-
action of potassium and carbon monoxide to form vpotassium earbonyl.
However, the quantitative results indicate that a minute guantity
of potassium carbonyl formed,

The carbonyl is reported in the literature as being a dark,
sometimes grey or black material., It was found that a dark grey
material formed en the surface of the potassium during the reac—
tiona

The compeund reacted with alcohol and went partly inte solu=
tion when heated, The literature reports that potassium carbonyl
reacts with alcohol to form hexaphencl, which is slightly soluble
in cold aleohol.

The cold alcohol solution had a greyish precipitate present
in it. Poth this precipitate and the solution turned from an ori-
ginal light color to a dark orange-red when left standing in the
air, but did not change color when bottled under nitrogen. Hexa~
phencl is reported to be oxidized by the air to quinones which are
dark orange—red in color,.

The literature reports a large quantity 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 acid, It was found that the precipitate present in the al-

coholic selution reacted with acetic anhydride and formed a



precipitate, However, the precipitaté was not soluble in glacial
acetic acid, acetic anhydride, or water, and was not crystalline,
could not be crystallized, and did not have a melting point below
250°C.,

These three things, the formation of a grey film and precipi-
tate, the oxidation eof the alceholic solution, and the reaction
with aceticlanhydride all confirm an assumption that a minute a-
mount of the potassium has reacted with the carbon monexide to
form the carbenyl.

No explanation is offered for the solubility ard melting point
behavior of the product formed with acetic anhydride.

'he reason for the reaction not going as far as is revorted
in the literature is unknown, Several explanations are possible,
but are based uron assumptions rather than facts.

One assumption is that some of the potassium evaporeted, and
this gaseous potassium was in contact with some carbon monoxide
for a longer time than the induction period reported in the lit-
erature. This condition should have been reached someplace along
the surface of the metal, if not in the passage of a bubble up
through the molten metal, A second assumption is that the reaction
is wapor phase,.which Neinan and Sushuncov report.

Many vapor phase reactions have free radical mechanisms, and
80 a third assumption is that this reaction is of that type. Most
free radical reactions such as the chlorination of hydroearbons are
catalyzed by radiant enmergy. This author would like to pestulate
the following mechanism for the reaction, assuming that it is cata-

lyzed by radiant energy in the form of light.
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2K (liquid) = K (gas)

Kz + light = 2K

1€it0: + Ke = 3¢

131K
§ 5
g N b .o
Kipie tiox Ko B
K, S8k ko oK
& 4
% <

By pestulating the mechanism, and making the assumptions
stated above, it is possible to explain many of the phenomena
of the reaction,.

A few molecules in the reactor would be sufficiently ac-
tivated to form a minute amcunt of preduect without light cata-
lysis, Jjust due to the statistical energy distribution. However,
for the reaction to go quantitatively, the presence of a catalyst
is evidently necessary.

The mechanism explaine the induction period, the period in
which the intermediates build up to sufficient concentration to
get together in groups of six. It also explains the inerease in
heat in the second phase of the reaction when the KCO grouns com=
bine to form the carbonyl and give off some of their extra energy
as heat.

The reaction was 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 suffiecient to make the

reaction go quantitatively.

11
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When the glass test tube was used for a reactor, it was
wrapped in three layers of screening to prevent any flying glass
in case of explosien, The tube was placed well down in the oil
bath for good thermal contact, and there was very little chance
of any incident light falling on it. This would explain the
failure of the reaction to go in the glass reactor.

In the past, the reaction was probably run in at least room
light which would catalyze the reaction.

Another exvplanation can be offered for the failure to repro-
duce the datg of the literature, based on the assumption that the
reaction is not wapor phase, but is two phase, between the earbon
monoxide and the liguid potassium, The rate of reaction would be
limited by the rate of diffusion of the reactants to the reacting
interface.

4Any contaminant that was present on the interface would inhi-
bit the reaction. It is possible that all of the mineral oil in
which the potassium is stored was not washed off. This would
leave a thin film of o0il on the surface of the metal and effec~
tively slow down the rate of diffusion of the gas to the metal so
that the induction period was never exceeded quantitatively, and
enly 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 by rever-
sal of the reaction of the formation of elemental potassium, or by
reversion of carbon monoxide to carbon dioxide and carbon.

2K + 3C0 = K;C0z + 2C

260 = C0y + C
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This earbon film could be the black substance that did not
disselve in alcohol and water, Any such film would adhere to a
filter paper and appear to absorb on.it., The alcoholic precipi-
tate in the reaction was absorbed by the filter paper.

It 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 quantitative results were not obtained in
either reactor, it is impossible to say whether any inhibiting
effect can be attributed to the steel,

The reaction with sodium showed no tendency to go since there
was not even a trace of produect formed, and the sodium appeared to
be completely unreacted,

An equilibrium expression for this reaction if it were gas
phase would involwve the produet of the fugacities of carbon mono~

xide and the metal, both raised to the sixth nower, At the experi-
2

mental temperature the vapor pressure of potassium is 2 x 10~ 3

while the pressure of sodium is only 5 x louu or one fortieth as
much, Since the pressures are so low, the fugacities can be re~
placed by the wvaper pressures, The pressure of sodium to the sixth
power would be only about 2.4 x 10-9 as great as that of potassium,
However, the values of the equilibrium constants for both re-
actions are unknown, and the constant for the sodium reactien need
not be of the same order of magnitude as that of the potassium,

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

sure.
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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
under the stated reaction conditions, no product forms. This re-

gult has little applicability to different reaction econditions.



VI.  CONCLUSIONS

On the basis of the facts of the experimental work, oniy
two conclusions can be drawn.

The first is that under the exverimental conditions de-
scribed, no reaction occurs between sodium and carbon monoxide.

The seccnd is that under the experimental conditions de-
scribed, it is impossible to duplicate cuantitatively the re-
sults reported in the literature concerning the reaction of
potassium and carbon monoxide., Any product that formed was
minute in quantity, non-crystalline, and absorbed on a fil-

tering medium,

15



V11, RECOMMENDATIONS

It is recommended that work be continued on the synthesis
of sodium carbenyl. In order that the results may be more frmit-
ful than these obtained here, it is recommended that the following
modifications be made in precedure.
1) That the reactor be mede of transparent reinforced
glass.
2) That temperature level be controlled by means of
either a bath of transparent, heatstable oil, er an oven.
3) That the effect of light of warious frequencies be
studied.
4) That the effect of various pressures be studied.
5) That the reaction be ruﬁ as a batch operation rather
than the semi-flow method used here. The reacter con-
taining the metal should be evacuated; charged with car-
bon monoxide, and the rate of the reaction recorded by
the fall in pressure, This would eliminate any possi=
‘bility of the induction period not being exceeded by the
gas bubbling through at too rapid a flow rate.
6) <That the metal be washed many times with an inert
solvent to remove any possgible oil film,
7) That a study be made on the purification of sodium
or potassium ethoxide formed when ethanol is added 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 direetly with ethanol.
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reacting the metal first with carbon monoxide and
treating the resulting carbonyl with ethanol, it
might be possible to obtain a valuable by-preduct,

hexaphenel, at very little additional expense,
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APPARATUS

The apparatus is shown schematically on Figure 1. All let-
ters refer to that figure,

litrogen was admitted to the system from a cylinder through
a valve (A). A separatory fummel (B) containing formic acid
allowed drops to fall on sulfuric acid which was heated on a
hotplate in a flask (C). This generated carbon monoxide. 4
pressure relief line Jjoined the top of the separatory funnel to
the main line in order to allow the drops to fall.

Flask (D) is an empty flask provided to prevent any of the
potassium hydroxide solution in flask (&) from entering the sul=-
furie acid.

The carbon monoxide bubbled through the potassium hydroxide
and then passed through a large tube packed at () with calciunm
chloride, and at (G) with phosphorous pentoxide.

Another trap at (H) is provided to prevent any mclten metal
from surging back from the reactor and contacting the phosphorous
rentoxide.

The gas passed through a preheating coil (I) in oil bath (0),
through a three-way valve (P) into the reactor (K) where it bub-
bled through the molten reacting metal. It then vassed through
an oil trap (M), 2 three-way valve (P) and was exhausted out (R)
to the hood.

4 second separatory funnel (J) was provided for admitting
ethanol to the reactor., Both three-way valves were changed when

the ethanol was admitted, The valve (J) cut off the first part of
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the system, and the second directed any gus generated to a col-
lecting tube (N) where the volume could be noted by the volume
of water displaced.

The 0il bath was heated and maintained at reaction tempera—
ture by a heater thermostat combination (Q).

At the completion of a run, the bath was cocoled te rcom tem-
perature by passing water through cooling coil (L).
| 411 tubing used in the apparatus was one guarter inch in dia-
meter, and was fastened together by means of rubber tubing.

The reactor shown in Figure 2 consisted of a stainless steel
cylinder threaded on the outside. ©Screwed onto these threads was

a ring of cold rolled steel., Four bolts which bolted on the cover

clamp were fastened on to this ring. The cover clamp held & machined

stainless steel cover tightly against a machined surface on the top
of the reactor. A tight fit was insured by means of a soft copper
gasket,

Two one quarter inch stainless steel tubes were silver sol-
dered to the cover. OUne reached almost to the bottom of the eylin-
der and was used Ifor admitting the carbon monoxide., The other ex-
tended just through the surface of the cover and was the exit for
the gases.

Valves were fastened on both tubes so that the reactor could
be completely sealed.

The reactor was made of this heavy steel because it was
thought that potassium carbonyl might explode.

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

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

22
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tubing extended to the bottom of the test tube, through the other
hole a second piece of glass tubing extended about one inch., This
was for the entrance and exit of the gas respectively.

Rubber tubing was attached to the outer ends of the glass
tubing, and could be sealed by means of pinchclamps.

Protection against explosion was obtained by wrapping the test
tube in three layers of wire screening.

The entire system was kept under z hood because of the danger
of carbon monoxide leaks, As an added precaution, an ampule for
the detection d carbon monoxide was placed at head level cutside
the hood. This ampule would turn dark if the concentration of
carbon monoxide in the room became dangerous. It is manufactured

by Mine Safety Appliance Co,.
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DETAILS OF PROCEDURE

A gample of about one gram of metal was cut, and washed in
a hexane fraction of petrcleum to free it from any of the heévy
mineral 0il in which it was stored. The exact weight of the me-
tal was determined on an analytical belance in a weighing bottle
half filled with hexane., The metal was then placed in the reactor
covered witﬁ hexane, and the reactor was sealed.

The heater on the o0il bath waé started; the bath was brought
to the reaction temperature, and kept there by a thermostat. Sul-
furic acid in the first flask was heated to about 100°C, and the
entire system was flushed out with nitrogen for about 15 minutes.

The reactor was then placed in the o0il bath and one valve
was opened so that the heated hexane could boil off and be col-
lected in an oil trap. The other valve on the reactor was opened
and more nitrogen was passed through until all of the hexane wvapor
was purged,

The flow of 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
minutes to purge the nitrogen from the system.. This required
approximately 5 ml. of formic acié. The flow was then adjusted
so that aboul one bublble per second escaped from the bubbler in
the bottom of the potassium hydroxide trap.

Runs 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,
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the heater disconnected, water was circulated through the cooling
coils of the bath; and the system was again purged with nitrogen

to remove all carbon monoxide. When the bath reached room tempera=-
ture, the nitrogen was shut off and the three-way stopcocks were
changed so that the alcohol could flow into the reactor and any
gases generated would flow into the collecting tube.

About 10 ml, of alcohol or acetic anhydride were slowly ad-
mitted into the reactor. The effluent gases were collected in the
tube until its capacity was reached, and the remaining gases were
exhausted to the hood,

At first it was intended to form hexaacetoxybenzene directly
in the reactor by the addition of acetic anhydride according to the
following reaction.

CelO0K)g + (CHpCO)20 + Hx0 = 2 HOOCCHs
This was done in runs 1, 2, and 3, However, the anhydride does not
react with the residual potassium and difiiculty was experienced in
destroying the potassium, In order to destroy the metal slowly, an
acid had to be formed; so water was added tc the reactor.

(CHzCO)o0 + Hp0 = 2 HOOCCHg

K + HOOCCHy = KOOCCH; + 1/2 Hp
However, the potassium reacted preferentizlly and violently with
the free water present, liberating hydrogen, which caught fire,
charrine the entire contents of the reactor.

As & consequence,in succeeding runs, ethanol was admitted to
the reactor. This reacts with the carbonyl to form hexahydroxy-

benzene (hexaphenol) and with the unreacted potassium to form



potassium ethoxide., DBoth reactions proceed at a slower rate,.
6 C4x(0K)g + 6 CEHSOH = C4l0H)g + 602}1501{
K + CoH,0H = CoH, 0K + 1/2 Hy

The contents of the reactor were washed into a beaker. The
. solution or slurry was then treated by one of the following pro=-
cedures.,

A, The slurry was filtered and the resulting precipitate
was treated with hot acetic anhydride. This formed hexaacetoxy-
benzene from any hexaphenol present, and potassium acetate from
any potassium ethoxide or potassium hydroxide present. The an-
hydride solution was then diluted with water for form an aqueous
acetic acid sclutions In this cold solution all species present

are soluble but the hexaacetoxybenzene. The solution was filtered

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

lize the hexaacetate.

B, The slurry was filtered and the alcoholic solution was
allowed to stand in the air,

C. Entire reactor contents were evaporated almost to dryﬁess
and then treated by the same procedure described in A.

D, Same as B except that crystallization of the hexaphenol
was attempted from water, alcohol, and ether.

The material balance was set up in the following manner. In-
put was determined by direct weighing 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 a method
using the volume of gas generated upon addition of alcohol to the

reactor., Potassium carbonyl reacts with ethanol by an exchange

27



reaction and does not liberate any gas. The unreacted potassium
reacts with the ethanol liberating one half mole of hydrogen for
every mole of potassium present., The volume of gas generated would

give directly the amount of potassium unreacted.

28



SUMMARY OF DATA AND OBSERVATIONS

The reaction conditions of the synthesis are listed below for

the fourteen runs made,

hun Temp, °C Wt., Szmple Reaction Heagent added
grame t.002 Time min. to Heactor
2

1 19842 0.265 10 Acetic Arhydride
2 190%10 1,280 38 Acetic Anhydride
3 185+15 0,823 50 Acetic Anhydride
4 160x10 0.509 100 Ethanol

5 20042 1.405 4133 Ethanel

6 19943 1,093 190 Ethanol

7 220+2 1738 100 Ethanol

8 2202 1.254 290 Ethanol

9 205+15 2.112 360 Ethanel
10 22242 1212 550 Ethanol

11 20146 1,141 65 Ethanol

12 22242 1,141 215 Ethanol

13 222+2 0,963 70 Ethanol

14 22242 2,951 75 Ethanol

Observations and Procedures:

In runs 1 through 10 all observations begin with a des-

cription of the contents of the reactor after the stated reagent

was addeds In runs 11 through 14 observaticns begin with a des-

cription of the contents of the reactor before any reagent was

added.,

Bun 1,

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

tassium appeared unreacted. Glacial acetic acid and water were

added and the resulting mixture was washed into & beaker. There

the potassium slowly reacted; the solution became turbid, but no

precipitate formed,

Run 2,

A black material was present along with a Iarge amount of

29



unreacted potassium. The gas appeared to have channeled up through
the metal. The acetic anhydride solution was diluted and filtered,
but the small amount of precipitate present was absorbed by the
filter paper.

kan 3,

The material in the reactor 1looked exactly the same as in
run 2, Difficulty was experienced in destroying the unreacted po-
tassium, It reacted violently with the water added as a diluent
to the acetic anhydride and the resulting gas caught fire. This
charred the contents of the reactor., The charred material was fil-
tered out. No crystals formed from the‘iiltrate.

Run 4,

A reddish green solution resulted with a noticeable amount
of grey precipitate., The solution was filtered but the precipi=
tate was not erystalline and was adsorbed by the filter paper, No
preduct resulted.

Han D,

The resulting solution was pale yellow with a precipitate of
white and black particles that were partially soluble in water,

The slurry was bottled under nitrogen overnight and did not change
color, It was filtered, giving ne crystalline product, but leaving
a greyish material om the filter paper that slowly turned dark red
in the air,

The filtrate was evaporated almost to dryness and a precipi=
tete formed that looked like a gel. This gel was dissolved in
ethanol. Ne erystals could be induced to form. The solution was

again evaporated. The precipitate was dissolved in water. Once
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more ne crystals would form, It was evaporated almost to dryness.
Kther was added and heated to boiling, but the precipitate would
not dissclve,

The ether was boiled off and the precipitate was redissolved
in alcohel, It was allowed to stand overnight in the air and the
gsolution turned dark red,

Run 6,

The alcoholic solution was identical with that obtained in
run 5, No crystals would precipitate from it.
Hun 7.

A considerable gquantity of greyish precipitate was present in
the alcoholic solution., To a small portion of this material more
alcohol was added dissolving most of it, but leaving a small amount
of black precipitate,

The alcoholic solutien was decanted from most of the original
precipitate. neetic 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
solution with a brown non-crystalline precipitate. The liguid was
decanted and the precipitate was treated with hot glacial acetie
acid, The precipitate was not soluble, and did not melt when
heated to 250°¢,

The alcoholic sclution from the reactor was evaporated almost
to dryness, treated with acetic anhydride, and diluted, A brown
precipitate formed again, similar to the one above, This precipi-

tate also was not crystalline, could not be filtered, and was not
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soluble in glacial acetic acid,
Run 8.

A black precipitate was present in the reactor., The contents
were evaporated to about 1 ml, Five ml. of acetiec anhydride were
added, This was diluted with water and filtered, The small amount
of precipitate formed adhered tc the filter paper, There was mne
crystalline product.

Run 9.

Results the same as rua 8,
Run 10,

Large amount of black precipitate present, This was filtered
off and discarded. 1t looked like carbon black. The sclution was
a light dirty orange color, Upon standing in air, it turned dark
red,

Run 11,

This run was made using conditione similar to those above, but
a glass test tube was used instead of the stainless steel reactor.
The cold tube was removed from the bath after the run and before
any alcohol had been added., The tube had a deposit of solid un-
reacted potassium on the bottom, The tap of the Dotassium.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
using the stainless steel reactor,

The original solution was almost colorless, but turned dark

orange upon standing overnight in the air,
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Run 124

This run was also made using the glass reactor, After the
carbon monoxide had passed through for two hours, the reactor was
sealed off and removed from the oil bath while still hot. White
specks were present on 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 replaced in the oil bath and CC was
passed through it for one hour more. It was removed again, and
observed, but appeared just as before., It was replaced in the o0il
bath and cooled, Alcohol was added and a large amount of gas was
evclved., A precipitate was formed in a pale yellow solution., The
solution was decented and the precipitate treated with acetic an-
hydride, producing a vielent reaction, When the reaction subsided,
water was addedy and a small amount of urfilterable precipitate
was present.

The decanted alcoholie sclution turned dark orange after stand-
ing overnight.

Bun 13,

In this rur the apparatus was modified so that the gas went
direetly into the reactor as soon as it left the preheating coil,
The tube was removed from the hot oil bath and examined, Un the
surface of the molten potassium was a black film £hat had the ap~
pearance of carbon black. A few brownish specks were also present,

The tube was cooled in the bath, Alcohol was added to give )
a pale yellow solution with a greyish precipitate that was par-
tially soluble in water. Upon standipng in air the solution turned

dark orange., No erystals could ©be induced tb form,
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Run 14, Sedium

This run was meade using sodium in a glass test tube, The
tube was observed during the course of the runsg; no reaction was
apvarent, and no black film formed on the surface of the molten
metal, The tube was ccoled, and alcohol was added. There was no
precipitate and the solution did not darken upen standing in the

air.
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LITERATURE SURVEY

In the year 1825 metallic potassium was prepared by the
reduction of the carbonate with charcoal according to the fol=
lowing reaction.

K;CO + 2C = 2K + 3C0
Occasionally a grey explosive mass appeared as an undesired by=
product of this preparation. (8)

In 1834, Justus von Liebig became interested in this reac-
tion. In his laboratory he passed preheated carbon monoxide over
elemental potassium, and obtained this dark grey mass. His ex=
perimental conditicns duplicated those present in the manufacture
of the potassium, Hot carbon monoxide was in contaect with hot
potassium, The product exploded violently upon contact with water,
and reacted violently with hydrochloric acid. (6)

In 1860 Brodie repeated this experiment. (3) He described
it as follows, At first the carbon monoxide is absorbed slowly
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 rezction soon occurs
in which the carbor monoxide is rapidly absorbed, the crystals be~
come dark red, and there is a large evolution of heat, By weigh-
ing the reactor before and after the reaction, Brodie determined
that one mole of carbon moncxide was absorbed for every gram atom
of potassium present. This gave the compound the empirical formula

of KCO,

In 1885 Wietzki and Benkister ran the reaction, but under more
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controlled conditions. (9) They took about five grams of potas=
sium, carefully dried it from petroleum and placed it in a short,
rather wide combustion tube. This tube was placed in a sand-filled
gutter, and heated with a simple bunsen flame,

In oge end dry, CO; free, carbon monoxide was admitted, This
was collected at the other end in a collecting tube by displace-
ment of mineral oil,

The carbon monoxide displaced the air in the tube, and the
potassium was then heated to somewhat over its melting point,

They found that the reaction proceeded rather slowly at first
and did not accelerate with Iurther heating. After a while, a
green crystalline mass apneared 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-
tain an excess bubbling into the gas collecting tube,

The product was a2 solid that was sometimes bright grey, and
other times reddish brown, greem, or black. It was found to be
difficult to remove Irom the reactor,

They also reported that if the compound was prepared 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 opened in the air,
though it w0uld.react upon long exposure,

As a result of their experiments, Nietzki and Benkister con-
firmed the empirical Zformmula of KCO and found that the true for-
mula was Cg(O0K)g¢.

They found that the carbdonyl would react slowly with alcohol



37

and go into solutiomj would react with hydrochloric acid to form
hexaphenol, and with acetic acid to form hexaacetoxybenzene.

Cg (OK)g + 6C2Hs0H = Cg(OH) g + 602H50K

Cg (0K)6 + 6HCL = Cg(OH)g + 6KCL

Cg (0K)g + 6(CHaC0)30 = Cg(O0CCHz)g + 6CHZCO0K

In 1950 Negman and Sushunov ran a series of reactions to de=
termine the nature of the induction period of the carbonyl for-
mation, (ﬁ) The induction period is the period when the carbon
monoxide is slowly absorbed, They found that at a presgsure of
10 mm, of mercury, the induction period was a minimum of almost
zero at 220°C, and that it increased rapidly to a "ecritical tem=-
perature" of 290°C. A4Above this temperature, it was so long that
the reaction was practically halted, They also concluded that
the reaction was vapor phase between carbon monoxide and an eva-
porated film of potassium,

Below 170°C the main product of the reaction between carbon
monoxide and potassium is Cz(0K),. sbove 170°C the product is
mostly 06(OK)6. The latter is what is usually called potassium
carbonyl.

Hexaphenol is an important intermediaﬁe in the manufacture
of leuconic acid, tetrahydroxyquinone, and other organic chemi-
cals, (i) It is oxidized by the air, does not melt, but turns
dark at 200°C,

Hexaacetoxybenzene can be formed directly from the carbonyl
as described above, or can alsoc be formed from hexaphenol, by re-
action with acetic anhydride.

The reaction for this formation is as follows:
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Cg(OH)g + 6(CHaC0)p0 = Cgx(OOCCHz)g + 6 CHaCOOH

There is no mention of sodium carbonyl in the literature,
Since sodium is chemically very similar to potassium, and the
reaction between potassium and carbon monoxide is thought to be
vapor phase, it is probable that any reaction between sodium
- and carbon monoxide would be vapor phase also,

The vapor pressures of sodium and potassium, as functions
of temperature can be determined from -the equations of the Infer-

nation Critical Tables. (7)

Potassium LoglOP = <4430 4 7163
]
Sodium TogyoP =ZHC  + 7.553

P is pressure in mm., of mercury and T is temperature in degrees

Kelvin,
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