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Althoagh t3ie results obtained "by different experimenters 

on the decomposition of potassixun chlorate differ widely and 

are often contradictory, these facts seem to hare "been fairly 

•roll established: (1) Potassium chlorate is an endothermic 

compound. Considerable heat is evolved diiring its decomposi

tion, (2) When heated in a platinum vessel to 450° and above, 

the pore salt decomposes completely into potassium chloride 

and oxygen, (S) Ihen the temperature is not raised too high 

and too rapidly potassium perchlorate is formed by auto-

oxidation. (4) liany oxides cause the decomposition to talce 

place at a lower temperature — often 100® below that re

quired to decompose the pure salt. When mixed with manganese 

dioxide the initial decomposition has been reported at 200°, 

She decomposition of the pure salt is exceedingly slow at 

400®» when heated at atmospheric pressure, (5) So perchlorate 

is formed when a mixture of potassium chlorate aad manganese 

dioxide is heated. (6) When potassium chlorate is heated with 

many of the oxides, a small amount of chlorine is given off. 

jhe amount of chlorine produced seems to increase sli^tly 

with the proportion of oxide used* Ozone has been reported 

in the gas evolved. However the evidences on which the 

presence of ozone was based would also be produced by chlo

rine. (7) AD. explosion may result from heating potassium 

chlorate alone. 
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i7arTan^^^ introduced an intiiaate nixture of manganese 

dioxide and potassium cMarate into a wrougiit iron tnie 

closed at one end and provided with a stopeocl: at the other. 

C?he tuhe was heated to Just "below redness. He observed 

that the rate of decomposition was much retarded by the 

pressure and that when the stopcock was opened the gas es

caped with great violence carrying with it a relatively 

large quantity of chlorine, Tiarren reports that the water 

extract of the residue was alkaline. 

From a consideration of the effect of a rapid rise of 

temperature in increasing the amount of chlorine obtained 

and the effect of pressure in retarding the deecmposition, 

Powler and Grant^^^ suggested the possibility of a re

versible reaction. !!?he original plan of the present work 

was to establish such a reversibility. However, for 

reasDns which will be pointed out in the data and dis

cussion to be given later, the point of equilibrium for 

any given set of conditions has not been definite.y es-

tabli^ed. 

Sodeau^^^ states that when calcium chlorate is heated 

1, H, Warren, Chem. JJews 58, 247, (1888), 

2, G, J, Powler and J. Grant, J, Chem. Soc, 57, 272 (1890). 

Chem. Uews 61, 117 (1890). 

3, W, H, Sodeau, J, Chem, Soc, 2, 81, 1066 (1902). 
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Slowly» 0.6^ of its total clilorine is 8To1t8cL wiiether the 

pressure is 760 cm. or 4 mm. In a discussion of the re

sults of a study of lead chlorate, he renarks that "it 

seems renariBble that decrease of pressure shouli markedly 

impede the decomposition of the chlorate." He used pres

sures as low as 2 mm. 

Coot^^^ has studied the effect of temperature and 

pressure on potassium iodate and "bromate. He maintained 

a pressure of 30-5C mm. and reports absolutely no differ

ence in the results from those obtained at normal pres

sure, She residues ga-^re the ssae analysis and the de

composition took place at the same temperature. When 

using pure potash um chlorate he reports 0,03% of the 

total chlorine given off during the short time elapsing 

between the first melting and its complete fusion. He 

does not make a statement concerning the effect of pres

sure on the decomposition of the potassium chlorate. 

!2he presence of chlorine in the gas evolved may have been 

caused by the glass in which the materials were heated, 

Stas and others^ repoirt absolutely no chlorine when 

pure potash um chlorate is heated in platinum vessels, 

we have also confirmed this result, 

4, 3, H, Cool:, j, Chem. Soc. 65 , 802-14 (1893). 

5. J. S. Stas. Chem. Hews. 73, 15 (1896), 
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YeleytS) aged a Sprengel pump with the usaal gauge and 

a tahe for the collection of gaseous products, She rate of 

evolution of gas \'3as compared at 765,4 m, and at 20 mm. 

She potassium chlorate was heated in a glass tube lay means 

of a "bath filled with molten potassium nitrate. He found a 

temporary slight increase in the rate of evolution at the 

lower pressure followed "by little or no difference in the 

rate of decomposition at the two pressures, 

Lewis and Handall^*^^ report that they heated potassium 

chlorate in a closed steel "bomb at about 400°, She bomb 

was one and a half inches in diameter and had a three-eighth 

inch hole in the center. After about an hour the pressure 

became so great that the bottom of the bomb "began to flow 

gradually into a bulb, Shey concluded that the equilibrium 

pressure would be too high to measure. Consequently under 

their direction Olson^®^ determined the equilibrium constant 

for the reaction, 

3H.0 + 3C1, + HClOs + 5HC1. 

On the assumption that the difference in free energy between 

5, 7, E. Yeley. Phil. Trans. (A) 179, 257-95 (1888). 

7. G. IJ, lewis and M, Randall, thermodynamics and the free 
energy of chemical substances. P 508-11 (1924). 

6, A, 5. Olson. J. Am. Chem. Soc. 42, 896 (1920). 
0. A. 14, 1777 (1920). 
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solid potassium ciiloride and potassium chlorate is approx

imately the same as that "between the chloride and chlorate 

ion, they calculated that the decomposition pressure of 

potassium chlorate would he of order of 10*® atmospheres 

at room temperature and would increase rapidly with rise of 

the tenroerature, 

Before leiris and Hsndall^*''^ had published, their cal

culations we had made preliminary tests and found that the 

pressure developed by the decomposition of potassium chlo

rate TOuld he very great. It isas finally deteriained that 

potassium chlorate could he safely heated for days at a 

temperature of 300—400° in a piece of soft steel shafting 

two and a half inches in diameter "with a three-quarter 

inch hole in the center, 

APPAEA!nJS. 

She homh used in this work is shown in Pig. 1. When 

in use the mixture of potassium chlorate snd manganese di

oxide (»ntained in a hard glass test tuhe filled the space 

AB. Asbestos wool was packed tightly in the top of the 

test tube to prevent the charge from coming in contact with 

the insid.e walls of the bomb. She top of the test tube 

rested on the bottom of the bomb, This was necessary be

cause the bomb was heated in an inverted position, She 

space BC was filled with * ̂ ece of steel r.od, 3, which 
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fitted snugly in the bore of the bomb and rested on a narrow 

siioulder at B. 

20 hold the oxygen formed during the decomposition at 

the high pressures developed and at the temper at ores 

necessary for decomposition was very difficult, Ihe most 

carefully cut tiireads leaked even when tapered. A narrow 

shoulder iBith thin copper gaskets was tried with little 

success, ^Then the threaded plugs dossing the bomb were 

heated for a long period and at the same tixae subjected to the 

high pressure developed it was found that the threads were 

usually stuck so tightly that the bomb was ruined by removing 

the plug, 2o prevent this the bomb was made eighteen inches 

long, fastened in a frame in an inverted position and heated 

only for a distance of ten inches from the bottom while eold 

isater was kept running over xhe threaded end of the bomb, 

TTo-en closing the bcaab for a run, after introducing the charge 

and the rod, 3, a leather washer was placed on the sharp edge, 

C, A silver washer was then placed on the leather washer. 

C?he pressure applied by turning in the plug caused the sharp 

edge, C, to cut through the leather and cut a narrow groove 

in the silver. At the same tir.e t ring of the leather was 

forced down into the groove, D, with as much force as could 

be applied in turMng in the plug with a two foot wrench, 

Che plug ? was threaded at both ends, one of which fitted the 
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•bomb wMle the other mde the connection through, the con

necting "bloct, ?ig. 2 and ?ig, 3, C, to the pressure 

gauge. She end which, fitted the oomb was threaded for a 

distance of one and a half inches, tiiirteen threads to 

the inch, 

Hhe connecting "bloci:, fig. 2 and Fig. 3, C, was made 

of soft steel. '2he block was one and three-fourth, inches 

square with a tiiree-sirteentiL inch hole through the center 

and to all connections. :i?he threaded connections were 

used as follows: (1) She "bomb was attached directly to A 

"by mesns of flexible copper tuoing with bronze couplings 

as furni^ed by the Wat son- Stillman Co, (2) A pressure 

gauge was attached to B, (3) !I?he hi^ pressure ptmp» 

Fig, 2, was attached to C. (4) jThen filling for a run 

an oxygen tani was attached to D, At other times D was 

closed with, a blind nut. She needle Talve 3 was made of 

rolled brass. Che point was covered wilii hard solder and 

tapered to an angle of 59° and fitted into a seat having 

an angle of 50®. 2o prevent leak wh.en the valve was open, 

threads were cut in the block to fit corresponding threads 

on the rod at G for a distance of one inch. 21ie rod for 

the distance between the two oppositely tapered metal 

washers, F and F, was wrapped with en asbestos cord which 
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had "been ru'ohed with a mixture of graphite in a heavy, 

non-volatile oil, 2he washer ? rested on a narrow should

er, When the nat H was tamed dom the pressure on P 

forced the packing into the space between ? and F with 

sufficient force to prevent a leaJc at five hundred atmos

pheres or above. Tfhen the oxygen tani: was attached to D 

the valve S was opened. She osygen was allowed to fill 

the bomb and connections to a pressure equal to that 

furnished by the oxygen tani: or to some lower pressure as 

desired. She valve 5 was then closed, the oxygen tani: 

disconnected and D closed th a blind nat, She valve 

3 was then opened and by means of th3 high pressure pump, 

?ig, 3, a quantity of water was forced into the connections, 

2he amount of water required to fill the connecting block 

and all connections up to the bomb was determined by 

previous trial, 2Io water was allowed to enter the bomb. 

When thus filled the valve E was closed. The pressure 

gauge, ?ig, 3, A, on the high pressure pump was used as the 

standard for conpsirison of the readings on the gauge attach

ed to B. (See also ?ig, 2 E,). 2he latter gauge gave the 

pressure in the bomb at all tines during the run, This 

arrangement enabled us to maintain a relatively small de

crease of pressure across the valve S. For by means of 
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the high pressure pump water was forced into the apparatus 

until the pump gauge read only £ very few atmospheres less, 

never more, than that of the gauge indicating the pressure 

in the "bomh. Also in this way the pressure in the "bomh 

could "be raised to the desired value before the heat was 

applied. 

2he high pressure pump, Fig. 3, was made hy the Geneva 

Society for the construction of instruments for piiysics and 

mechanics. It was capable cf producing a pressure of 1000 

Tegs, per cn^ , !2he gauge was graduated in steps cf 10 kgs, 

per cm,* A variation of about 2 kgs. per cm", could be 

estimated. Shis probably exceeded the accuracy of the 

gauge. 

She bomb was heated in a circular resistance furnace, 

^ig. 4 A, made of nichrome wire wound on a hard asbestos 

frame, fflie wire was covered with a paste of alondum cement 

and bated till thoroughly dried. Che furnace which was ten 

inches high was open at the top and the bottom so that it 

could be set in a frame and the bomb introduced from the 

bottom. Or the furnace could be set on any suitable heat 

insulating material and the tubes for heating could be 

introduced at the top. 

On account of the variation of the current during the 
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day nnieii difficulty was encountered in tlie earlier eiqoeri-

aents in regulating the temperature of the furnace for long 

periods of time. For this purpose a heat regulator was 

developed which could be set to regulate the temperature of 

the furnace within a range of about one degree over a 

period of days. The ordinary thermal regulators for thermo

stats could not be used for it was necessary at times to 

heat the furnace to 400° or above. The regulator with the 

system of wiring is shown in Fig. 4. The regulator was 

made from a single piece of invar steel, CH, bent at right 

angles. The lower end of C was turned at right angles to 

foim the platform B, A portion of CH was cut so as to form 

the upright extensicm of C at So The arm IJ Tsas attached 

to CH at K by a pivot arrangement so that the ends I and J 

were free to move up and down. A silver rod, D, stood on 

the platform B. The extension of D was the invar steel rod 

3, Any rise in temperature would cause the silver rod to 

expand. This expansion would be multiplied by the ration 

of the lengths IK : EJ. In the apparatus used this factor 

was nearly 100, The wiring which can be readily followed 

on the Fig. 4 consisted of a primary heating circuit 

across the terminals of the furnace FG. A secondary 

circuit IiM was wired in parallel with the primary circuit. 
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?lie secondary unit shunted a portion of the current around 

the resistances H and 3. She nagnet of the relay, 0, was 

activated "by the opening and closing of the contact S due to 

the expansion or contraction of the silver rod 3). In this 

way the relay circuit threw in or out the secondary circuit 

as required to main an almost constant temperature in the 

furnace. She small variation in temperature is caused 

principally "by the lag in the expansion and contraction of 

the silver rod. 

In order to study the effect of low pressure on the 

rate of decomposition of potasd. um chlorate, it was 

necessary to collect, accurately measure and analyze the 

gas evolved, Shere are several vacuum pumps which permit 

the collection of the exhaust gas. Bone of these operates 

continuously and automatically, maintains a high vacuum, 

guards completely against the inclusion of air in the ex

haust gas and is so siKiple in construction that an ordinary 

laboratory worker can construct it easily. 

Without increasing the difficulties of construction, 

the Coepler pump has "been modified so that it operates 

continuously and automatically, Shere is the further ad

vantage that the exhaust mercury is returned to the reser

voir after each stroke. She only auxiliary apparatus need

ed is a pump which will produce a pressure as low as five 
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centimeters of mercury. An ordinary water ptmp is satis

factory. 

A, B, C (Fig. 5} is an ordinary Toepler pxmp without 

the aoYeable mercuzy reservoir and the 2rabber tube con

nections. The lower end of the downfall tube. A, is turned 

up and surrounded by the mercury cup, E, to facilitate the 

collection of the exhaust gas. Instead of the moreable 

reservoir, a fixed reservoir, 3, surrounds C. The lower 

part of 3 is sniall to avoid the use of an unnecessarily 

large amount of mercury and the upper part is large so that 

the bulb B my be filled without too great a change in the 

level of the isercury in 3. The lower end of 3 is sealed. 

The upper end is closed by a rubber stopper through which 

pass the tubes C and P which extends into the mercxary cu^ 

H and tiie three-way cock D to. one arm cf which, the auxi

liary pump is connected. The tube ? is fitted with a stop

cock G and supported by the'rubber stopper only, so that it 

will hang lower when filled with mercury than when empty. 

Its lower end should be between one and two centimeters 

above the upturned end of A. 

The tube C has to internal diameter of 0.4 cm. and ex

tends 80 cm. below and 75 cm. above its junction with B. 

To the extension of C beyond the mercury trap at its upper 

end is attached a manometer and a second mercury trap and 

tube which extends down into a cup of mercury. The latter 
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tube serves as a safety tube in ease of a sudden evolution 

of gas and also as a means of letting in air at tbe close 

of an experiment, A HcCleod gauge may be used instead of 

or with the manometer, 12he bulb B has a capacity of about 

150 cm', and is so arranged that a rise of mercury in 3 

will cut it off from the remainder of the system and force 

its c(ntents out through the tube A, She tube A is 0.3 cm, 

in internal diameter and 84 cm, in length from its highest 

to the lowest point, !2he bottom of the cup I should be 

nearly 10 cm, above the bottom of 3 so that the tube ABC 

will not siphon all the mercury out of 3 as soon as the 

pump is stopped. 

In order to start the pmnp a preliminary evacuation 

is necessary for all of the gas trapped in the bulb B must 

be compressed into the part of the domfall tube between its 

highest point and the top of the mercury contained in it 

just befoare the gas is driven out, The maximum preliminary 

pressure po under which the pump will act automatically can 

be calculated by the equation: poT = (p -li)v, Y.'here T is 

the volume of air trapped, P is the atmospheric pressure, 

h is the difference in level between the mercury in 3 and 

the highest point in the downfall tube, and vis the volume 

of the gas as it is compressed in the upper part of the 

downfall tube just afe the mercury sweeps past the highest 
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point in th.e domfall tube, Oh© bulh B can "be made of 

such size that the auxiliary pump will give a sufficiently 

low preliminary pressure hy direct eTacuation, 

If the Dulh is small enough the pump may he started 

"by connecting "by means of pressure tubing the upturned end 

of A with 3 and to the auxiliary pump t2irough the three-way 

stopcock B. 3 is filled "by drawing through the tuhe F from 

the cup H, ?he mercury should stand in E as high as possible 

without danger of dramng it out through D. In H the mercury 

should just cover the lower end of ?, Che cock G is closed 

and the entire apparatus is evacuated, when the pressure p© 

is reaxshed, D is turned so that the auxiliary pump is con

nected with E but not with A, !Zhe pressure tubing is re

moved and the cocfc S opened. When enough mercury has been 

transferred into 3 by suction through ? so that the level 

of the mercury in H has fallen below the lower end of 

air rushes into E, forces the mercury down in S and up in

to the bulb S, iZhe contents of B are forced out through 

A, Mercury flows into H until the loirar end of ? is cover

ed. C!he ausdliary pump evacuates E. The mercury falls in 

B until a connection is again made through the upper part 

of C to the apparatus being evacuated. During this time 

mercury is drawn from E into E until the lower end 0f F 
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is abOTe the level of the mercury, !ilhe cycle is then re

peated , 

Since the capacity of the pomp is directly proportion

al to the capacity of the bulb, S, it is often desirable to 

nake this "bulb so large that the auxiliary pump will not 

produce a pressure p© on preliminary eyacna.tion. In this 

case the pump laay be started by the use of the apparatus 

Pig. 5, I, which consists of a side-necls: test tube mth the 

stopcock J, Sae entire apparatus, I, as shorn is raised 

vertically into such a position that the lower end of the 

capillary tubing nay be attached to the upturned end of A 

"by means of a short piece of pressure tubing. I and 3 are 

connected with pressure tubing. After filling 2 to the 

desired height, the cock G is closed and the cocks J and D 

are turned so that the entire apparatus is evacuated through 

A and 3 as before. When tho px-essure is as low as the 

auxiliary pump will produce, J is closed and G opened, HSie 

air rushes into S through but will not force the mercury 

in C and B to the highest point of A. 2o draw out the air 

trapped in A, turn the cock D so that it will evactsate A 

but not S, Open cock J. When a little mercury has been 

drawn into the side neck test tube, close J. How close G 

and keep J closed so as to evacuate 3 but not A, When the 

mercury in B has fallen below the junction between 3 and c. 
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I open G. If the merctrry does not rise to the highest point 

I of A, the gas in A srast again be drawn out throtigh I by 

^ turning D so as to evacuate 2 but not A and opening This 

s cycle must be repeated until the pressure in the apparatus 

i is as low as p^. The pump will no?; operate automatically 

i without the use of I which is in no way necessary for the 

I operation of the pump except for starting when the auxiliary 

I pump can not evacuate the apparatus to the pressure p^» 

; The value of p^ for the pump as here described is about 

1.2 cm« of mercury, "ilien using a water pump for the aux-

iliary ptmip and evacuating a two liter flask, it was necessary 

: to make nine strokes by the use of I before the operation be-
I 

came automatic. The pump makes one cycle or stroke per min

ute and has been run continuously for 96 hours without any 

attention whatever. In one ptreliminaiy trial wh«3 the pres

sure was read by a McCleod gauge on which a pressare of 

2 X 10**^ mm. could be read, a pressrtre averaging 0.065 mm# 

was maintained for 30 hours. 

Temperatures below 250® were measured by mercury ther

mometers which had been compared with a standard thermometer. 

Teaqperatures at 250° or above were measured by a chromel-

alumel thermocouple using ice water as the cold juntion. The 

thermocouple was standarized against a Pt - Pt - Eh thermo
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couple wMeh. liad been standardized by the BTrreau of Stand

ards. iUhe temperature was read by laeans of a Leeds, 

^orthup potentiometer. Some of the higher tesQJeratures 

were read with a HosJtins pyrometer tising a standardized 

chromel-alxnnel thermocouple. When heating the steel bomb, 

the thermocouple "was placed near to, but not touching, the 

bomb at a position in the ftirnace opposite the middle of 

the charge in the bomb. i!?hen heating mixtures in hard 

glass tubes at the losrer teii5)eratures the bulb of the 

theinaometer was placed against the part of the tube con

taining the material. 

PS3PAHA2I02? 0? BM-TSEIAIS. 

The potassium chlorate used in this work was Baker 

and Adamson C. ?. grade. So further purification was made. 

Preliminary tests showed that a nearly saturated solution 

gave a very slight cloudiness with silver nitrate. Uo 

heavy metals, calcium, brcsaates, nitrates or sulfates 

were present. Hfeighed samples of the potassium chlorate 

were reduced by boilizig with ferrous sulfate. (The excess 

of ferrous sulfate was titrated with a standard potassixm 

permanganate solution. Two determinations gave 98.15^0 and 

98.22;^ pure potassium chlorate. Since the samples had not 

been heated to 110® Inmedlately before weighing for analysis. 
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it -was considered that the slightly low Talues obtained 

was principally due to adsorbed moisttire. 

The manganese dioxide was prepared by reduction of 

potassium permanganate with saanganese sulfate in a strong 

sulfuric acid soluticsn. The quantities used and the method 

of procedure was essentially the same as described by 

f 9) 
JSeririll and Scalione . The precipitated manganese di

oxide was washed with distilled water until no test for 

sulfate could be obtained. The washing was continued un

til the precipitate became colloidal so that it would not 

settle out for several days. After filtering the pre

cipitate was dried at 110°. 

Before using, both the potassium chlorate and the 

manganese dioxide were ground in an agate mortar and run 

through a 200 mesh sieve. The materials were heated 

several tours at 110° just before the proportions were 

weighed out for the mixture which was made by sifting to

gether repeatedly through a 150® mesh sieve until the mix

ture appeared entirely uniform,. The proportions used were, 

e^qoressed as molar concentrations, SZClOg ; MnOg. This 

(10) 
mixture was found by Brown, Burrows and Mclaughlin 

to have the lowest spontaneous decomposition temp^ature. 

This mixture prepared in this way was iept in glass stop-

9. D. H. Merrill and C. C. Scalione. J. Am. Chem. Soc. 
43, 1986 (1924). 

10. Brown, Burrows and McLaughlin. J« Am. Chem. Soc. 45, 

1343-8 (19ES). 
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psred bottle until needed for experimental vscrk. 

\7CHZ AITD 23SUL2S. 

She saae quantity of the nirture of potassium chlorate 

and manganese dioxide isas placed in each of two hard glass 

tubes, sealed at the bottom. After sealing the top of each 

tube, the two v;ere tied together isath a copper wire and put 

into the top of the furnace, ?ig, 4 A. She side neck of one 

of these tubes in which the material was to be heated at at

mospheric pressure was connected by means of pressure tubing 

to a glass tube the other end of which was turned upward to 

facilitate the collection of gas and dipped into a cup of 

mercury. 

^he method of collecting and measuring the gas evolved 

was the same for both, !2he stopcock of a quantitative 

burette was cut off and sealed to the top, A leveling bulb 

was fastened to the bottom of the burette, 3ie end of a 

capillary tube opposite a second stopcoci: was sealed into 

the side of the burette between the first cock and the 

graduation and bent down along the side, A tube of larger 

disaaeter for setting down over the upturned tube in the 

mercury cup was sealed to the lower end of the second coci:. 

When in position for collecting gas the burette with the 

capillary tube was filled with mercury, ^an a volume of 

gas was read the mercury in the cup was drawn up to a 
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graduation of tlie capillary by lowering the leveling bulb 

and the second cock closed. The mercury in the oxrette 

was adjusted to atmospheric pressure and the volume read. 

A somewhat larger tube in the form of a boat was seal

ed to the side-necic of the other tube and to the mercury 

pump, ?ig. 5. The boat was partly filled with phosphorus 

pento:xide and arranged so that the gas from the tube in 

the furnace had free passage over the pentoxide to the 

pump. The pump. Pig. 5, ABC, the boat and the tube contain

ing the charge in the furnace was one glass tube. All 

connections were glass seals. 

The material heated at atmospheric pressure was taien 

from the same mixture and subjected to the same temperature 

in the same furnace for the same length of time as that for 

which data are given in Table I. 
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::ABL3 I. 

Part (a).—ZClOs-iaiCa mixture contained 2 g, of 2CIO3, 

!II6llip6r6.tti±6 V " P^esStttdC t>T ii^^tiii^ V !26t^l* 7i)ltm6' 6f 
gas. 

Boom. 0.045 cm,Hg. IS Irrs. cc.s 

100° 0.0S5 " ^ 2.4 lirs, ^ s 

Hoom 0.055 " " 13. " 0-s^ " s 

125® 0.010 " " 6. 2.90 « 

145° 0.010 " " 80. " 23.00 " 

Part Cb).—SClOgsMnOa nixture contained 2 g. of KClOs. 

Hoom. 0.05 cm.Hg, 14. iirs. £T© CC .S 

90-100° 0.02 »' n 1.5 « e-T© " s 

Hoom 0.07 " " 21. " " k 

90-1000 0.025 " " 1.5 " . QsQ ^ k 

Hoom 0.055 " " 48. " M " s 

115° 0.125 " " 3. " 35.5 •• 

Part (c).—ZClOssKaOg mixture contained 1 g. of KOIO3 . 

Hoom. 0.020 cm.Hg. 19. lirs. Q^Q cc .k 

65-100*^ 0.010 " 1.5 " p 3t 

Hoom 0.010 " " 17. QsQ " s 

196-200° 0.01-0.24 " " 3. " 30.0 •* 

(&) — Head on a manometer with, a catiietometer. 

K — Jfo gas was collected. 
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gart (a): 

2316 punp was kept rnzmii^ during the ti..;e of aeating 

the mixture "but not wliile cooling to room temperature or 

during the tiae of standing at room temperature. At the 

close of the experiaent the entire apparatus stood for 11 

days without showing any leak which could be read on the 

manometer or the hurette, 

Sfcie gas was analyzed oy the use of a slight modifi

cation of the Elliot apparatus, 2he collecting apparatus 

in this case was set at zero so that enough air was con

tained in the gas analyzed to fill the collecting apparatus 

above the graduation on the "burette. 

Volume of gas transferred 30.5 cc, 

"Volume of gas absorbed as oxygen - - - -23.1 " 

Barometric pressure -740 mm. 

temperature 25° 

By changing these Tolumes to dry gas at standard con

ditions and majcing correction for the 7.5 cc. of air, it is 

found that 95,1^ of the original 23 cc, of gas collected was 

absorbed as o^gen. 

A sample of the mixture which had been heated was 

analyzed for chlorides by the method of Totecek^^^^. '2h.e 

H . 3. Votecei. Chem. 3tg. 42, 257, 271 (1918). 
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She amoont of ciilorides found corresponded to an evolution 

of 25,1 cc, of 03jygen. 2be results of later experiments to 

"be descri"bed Showed that this difference might eaily he 

accounted for by the loss of osygen at 100° before the 

collecting apparatus was attached. 

?&rt (b): 

She procedure and methods of analysis were a duplicate 

of those described for Part (a) except (l) during the pre-

lijsinary heating to 100^, the pump was kept running both while 

heating up to 100*^ and cooling down to room temperature; (E) 

the collection apparatus was completely filled with mercury 

before any gas was collected. 

Volume of gas transferred - -- -- -- -- 35.9 cc, 

Volume of gas absorbed as oxygen - 35.0 " 

Svldently the gas collected was all oxygen for the 

difference between the amount collected and the volume ab

sorbed as osygen was easily within tlie limits of experiment

al error, Analysis of the residue for chlorides indicated 

that 63,9 cc, of oxygen had been evolved from the mixture. 

Part (c); 

An amount of the mixture containing 1 g, of potassium 

chlorate was used because it was expected tist the rate of 

evolution at EOO® would be too great for the edacity of 
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the pump. Sven -siritli 1 g, of potassium chlorate the pressure 

rose to 0.25 cm. of mercury, although the pump was worJd-ng 

continuously. On account of sn accident the gas could not 

"be analyzed, l!he amount of chlorides in the residue corre

sponded to an evolution of 108 cc, of oxygen. 

During the progress of the previous experiments it was 

noted that when the mixture v/as subjected to a pressure c£ 

0.1 - 0«2 mm, and heated to 50—60° a snail amount of 

moisture was given off. When the temperature was raised to 

0 
temperatures "between 60 and 100 there was evidence that a 

small amount of gas was "being drawn out o-rer the phosphorus 

pentoxide through the pump,—evidently not moisture. In 

order to determine whether oxygen was given off at these 

lower temperatures and what pressures would "be developed at 

different temperatures, 10 grams of the mixture of po

tassium chlorate and manganese dioxide was sealed in tu"bing 

and connected to the pump as previously descri"bedi 21ie 

apparatus was evacuated to a pressure of 0.03 cm« She 

material was repeatedly heated to 72® and then cooled to 

room temperature for a period of three days. During this 

time the apparatus was occasionally punned out for it 

proved impossi"ble to get a constant pressure while the 

material was being heated and cooled, i=he pressure did re
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main constant at 0.05 cm. for a period of 24 lioars wlien 

the temperature did not average nore than 50®; "but when 

the temperature was then raised to 60—70° the pressure 

increased to 0.110 cm. in 12 hours, ?he temperature was 

now iiept as nearly constant as possible and the heating 

continued to determine what pressure would develop. 

::abl2 II, 
« * » « • » » • 

Part (a); Average temperature was 68°, 

2ime • Pressure, ^Dime • Pressure. 

o
 

•
 

o
 

hrs. 0.11 em. 62.0 hrs. 0.80 cm 

7.5 f» 0,24 t» 70.0 i» 0.83 " 

10.0 t» 0.31 i» 81.5 f» 0.85 

12.0 If 0.34 f 87.0 o 0.86 " 

17.0 »• 0.38 »f 94.5 If 0.89 " 

24,0 n 0.45 p 105,5 ff 0,91 " 

34,0 n 0.55 109.5 If 0.93 " 

43,0 If 0.62 «» 114.0 ff 0.91 » 

47^ If 0.69 If 130,0 If 1.03 •• 

56,0 II 0.74 If 138.0 If 1.03 " 

57.0 If 0.78 

Part ("b) : Average temperature was 90°. 

0.0 hrs. 1.16 cm. 43.0 hrs. 1«45 cm 

4,0 II 1.25 If 51.5 « 1.48 " 

10,5 « 1.28 If 59.0 IT 1.51 " 
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21.0 hrs 1,37 cm 67.0 lirs. 1.51 cn 

25.5 " 1.39 " 71.0 " 1.51 

33.5 » 1.41 " 

Many of tiie experinents carried out in t lie study of 

the effect of high pressure on the decomposition of po

tassium chlorate have failed "because of explosions or 

leaks in the apparatus. IDhe following tables contain 

the results of those experiments in which there was no 

apparent leak of oxygen. 

Before the high pressure pump Fig, 3 was available 

for measuring the pressure during the progress of the ex

periment two apparently successfully runs were made from 

whidi the pressure could be calculated. About forty grams 

of the potassium chlorate and manganese dioxide were used, 

?he space in the bomb exclusive of that occupied by the 

substances introduced was about 38 cc, By measuring the 

volume of the bomb, using the density, as found in tables, 

and the weight of each substance in the bomb to determine 

its volume and analyzing the residue for chlorides formed 

by the decomposition of the potassium chlorate, the high

est pressure that could be attained by compressing the 

volume of oxygen corresponding to the potassium chlorate 

decomposed into the free space of the bomb could be cal-
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eulated, !Zlie temperature of the furnace was measured by 

a mercury thermometer, 

(TABLE III. 

no; - • • 2ifii6'h6S.t6a-.' • kVV ' Ptfe&Strtfe*.* * '^ClOi 
nnde composed. 

1 . 1 .0 22r. 335° 236.7 atmos. 80.2^ 

2. 7.5 » 335*^ 322.7 •* 66. 

She pressures given in IDable IT were measured on the 

: pressure gauge attached to the high pressure pump Pig. 3. 

; The temperatures were measured by a thermocouple. Pressure 

shown at room temperature at the beginning of the experi

ment was produced by filling the bomb with oxygen from an 

oxygen tanl: through the connecting block as previously 

I described, 

2ABL3 IT, 

TiJhd'heat6d'.' ̂ AfV;• *pts6* KCIC 
aaoompoaed. 

1. hrs. Room 200.0 atmos. 

3,0 It 345® 443.3 It 

15.0 r 2oom 280.0 m 

2, — 1* Boom 1^ .0 If 

12.0 m Hoom 180,0 n 

19,0 « 320® 463.3 ft 

21.5 It 290® 465.6 
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25*0 Inrs 325° 480.0 atmos 

29.0 " 2850 

320® 

325° 

450.0 " 

34.0 " 483.3 " 

39.0 496.6 " 

53.0 " Hoom 240.0 " 23,5^ 

K Not quantitatiTOly determined. 

DISCnSSIOH. 

The curves I and II, Pig. TI, show a rapid increase 

of pressure at first with a gradual slowing down as the 

decomposition continues. C!he pressure "built ap to a 

limiting Talue which remained constant for about 12 hours. 

A aiiailar rapid rise of pressure th a gradual slowing 

down was also indicated at the higher pressures and temp

eratures. 

The data for experiment 2 in table lY are typical. 

When the temperature was increased the pressure increased 

"but when the material was cooled to the previous teii:5)er-

ature the pressure stopped at a value higher than previous

ly obtained at that tenqoerature. iiJhis has occurred 

throu^out the vork at all temperatures and indicates that 

no equilibrium has been established. 
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SjISIAHY. 

Pressure has a marked effect on the decomposition of 

potassium chlorate in the presence of manganese di

oxide within the range of 70° to 350°, 

?or each temperature there is a pressure ahove which 

decomposition is very slow or absent. 

When this constant pressure has "be® reached for any 

temperature, a lowering of the temperature does not 

result in recombinaticn of oxygen with the potassium 

chloride and the pressure decreases only as would "be 

expected from the gas laws, 

3q.uili"brium for the reaction, 2KCIO3 a EKCl + 30, has 

not been attained. 

She decomposition of potassium chlorate in the pres

ence of manganese dioxide has been effected at temp

eratures as low as 70°, 

The deconQjosition of potassium chlorate in the pres

ence of manganese dioxide has been prevented by pres

sure when the mixture was heated for a period of 7 

hours at a temperature 40® above its ̂ ontaneous de

composition ten^jerature, 
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