IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1926

The equilibrium attained for the system hydro %fzn,
bromine vapor and hydrogen bromide under the
influence ot the corona discharge

J.J. Canfield
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
0 Part of the Physical Chemistry Commons

Recommended Citation

Canfield, J. J., "The equilibrium attained for the system hydrogen, bromine vapor and hydrogen bromide under the influence of the
corona discharge " (1926). Retrospective Theses and Dissertations. 14222.
https://lib.dr.iastate.edu/rtd/14222

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/139?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14222?utm_source=lib.dr.iastate.edu%2Frtd%2F14222&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfiim master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing

from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

UMI






NOTE TO USERS

This reproduction is the best copy available.






THZ SLUILIBRIUE A

oF

PALTD TOR T SYSTHELR HYDIACGHT, BXR

VAROR AYD HYD G BR0MIDT UNDER THY TWPLUWNCRE
T COXROMTS DI CIEARu:.. /

P o

]/, bos

R
".f""

43 Thesis 3Submit

-

T
Je dJoe

ted to

for the

TN oy o
LWGCL0T O%

vajor 3ubject:

Signature was redacted for privacy.

-~ ‘T - g "-.‘ -,
Iy Unarse of QaJer Gorid

Signature was redacted for privacy.

Taad JF “a]dr Depazinment

Signature was redacted for privacy.

aracguate Zean

Towa

state

Canfield

the Graduate Iaculty

Thysical Chemistry

Collere

1026



NOTE TO USERS

Qversize maps and charts are microfiimed in sections in the
foiiowing manner:

| EFT TO RIGHT, TOP TO BOTTOM, WITH SMALL
OVERLAPS

This reproduction is the best copy available.









by
s
1

TNt AT o

e

2 X i, - o X3 oy 2
2 5 R ORALY 7 i Rty . K5 R T IO HaAs 3 ! 3
Tepa RN T ANt Y 3 : RS AT e M T T SR SO T, B O AT T L TN

W) b e me v 4 fi e s s 3 g Gad - 3 3 T TR (o . s ey e '-1»‘,‘3} r M\'r’.m',&_.

AT T0 Ta IR R z VIO T PN A INC g ASAAN BT S Iy 00 Lk, 3 b RS W (T a TR e VAU i v




B
z AR AT )

atihy 2 Y
EAR T ehnd

4 T T s




Y

(&) ~
(&) 000.00 o




R AT > S dnes R R et ) A
e B SR T A e Y " L4 F 7 S ot BTt e oot ioe o d o g A1,

RIECHEERI

e
R =

)

g

m.
%
st




)

R i
o
e

St

"'57‘-3:.,:" b \'cv‘;‘h’,'iy
TR A iy

A B R i b
e G B AT e : ; ; 7 ® e E SRR

o a4 o AL i tj1od< i ¢ (L ¥ v 5 AR O SRy T A
e i 10 A L X A T Z IV EIO T 4 2T U A T

i e L eIy
i 3 K eI YRl ATy
.‘,‘P e 3 O ooy UG f 53 ‘?‘.“‘f‘:\g@?"ﬁ *n_.. 3

S ::7 sEe s B : v : ¢ RN ROt ; ] ; BEfalige
B e A S r e S 5 2 AR AR 4 5 3 Sriyiatiardisgytern

IS Tk 3 et ool b S s a1 AT Gy X s a3 25 L 05

EEEada
‘h}» Sl




Gy ) oy B e b s -

R i " -dhchl Yt 5 WA 3 et : e R e, l,sl‘u‘ i

: : T T - 3 AR e e T Tk 7 Tam1 Y WS A I
3 L : 3y LSS MR




T TRt

‘Sx;v_ﬂ M\‘




ATZARATUS

The entire apparatus was of soft glass and is shown dia-
grammatically by the accompanying drawing. A 250 cc. separa-
tory fTumel was sealed to the inlet of flask B with two stop-
cocks between them. The hydrogen bromide was generated in
flask B by slowly dropring ligquid bromine on red phosphorus
in about 150 . cc. of water. The tubes C contained moist red
phogphorus to remove any free bromine in the hydrogen bromide
while the tube D contained glass wool to remove some of the
moisture mechanically ecarrisd forward. X was a manonmeber and
served as an indicator for keeping a minimum pressure and sl-
lowing hydrogen bromlde to be slowly gensrated. 'The tube ¥
was about 40 .c¢m. in length and was filled with glass wool to
prevent the carrying of any liquid spray through the apparat-
us by the gas. Tubes G and I were filled with granular calci-
um chloride to éry the gas and were each about 76 om. in
length. H and R indicate spirel glass coils made of ordinary
size glass tubing. At the bottom of I was a small bulb of
about five cec. capacity to hold the liguid hydrogen bromide.

The discharge chambsr ¥ was shaped similar to & Dewar
flask with the inside tube centared and with approximately
two mme. between the inside walls, The dimensions of the:
slags tubes used for makinr the ¢ischarge tube were as fol-

lowg:

N o e e e v = et e oo
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Inaide tube gutside tube
Inside diamster 37.5 mm. 44,19 mm,
(utside diameter 40.5 mm, 46.74 mme.

| The volumes of the tubes were 110.5 co. and 106,.,7 co, respect-
ively, determined by filling them with air-free water and

weighing, the volume being given by dividing the weight of the

contained water by the apparent density. The inlet was a cap-.

illary tube sealed near the top. To the outlet was connected
a manome ter with a three-wsy stopcock between them. The at-
tached arm of the manometer consisted of a capillary tube
wnile thne otaer waé of ordinary size slass tubing. The manom-
etor was filled with mercury with a layer of paraffin oil over
'the mercury in the capillary arm to protect the mercury.
Before f£illing the discharge tube with hydrogen bromide,
air which had passed throuzh alkaline pyrogallate, potassium
hydroxide and sulfuric acid was used to dry the tube, This
air could be passed through stopcock W and out through either
of the stopcocks L or V. The‘discharge chamber was placed in
8 aylinder contsining a dilute solution of sodium hydroxide
which came to about thres centimeters of the top of ths dis-~
charge chamber. This was covered with a layer of oil 1.5 cm.
thick to ald in insulation. On the inside of the discharge

tube, sluminum powder was packed to the same height as the




sodium hydroxide solution on the outside. This aluminum pow-
dar was covered with paraffin after a copper wire had been
pushed into the powder. By connections with a transformer,
the aluminum powder served as one elactrode and the diluts
sodium hydroxide ssrved as the other. In series with the
primary side of the transformer was conmnected an impedsance
coil with an iron core and across the poles of the secondary
side was connected an adjustable spark gap consisting of
brass balls two and one-half centimeters in diameter. The
110 volt alternating current lighting circuit served as the

source of power.

HAWITULATIOR

Bromine placed in the separatory funnel A wes made to
slowly drop into flask B wnich contained red phosphorus and
about 100 ec. of water. This water became saturated with
hydrogen bromide and then this solution was warmed slowly by
vater surrouwding flask B which caused hydrogen bromide %o
vaporize. The coil T which was surrounded by carbon dioxide
snow and ether served to ligquify the gaseous hydrogsn bro-
mide. Any uncondensed gas was neutralized by dilute alksli
after it had passed through stopcoek J. After approximmtely
six cce o0f 1liquid hydrozen bromide had condensed, cool wa-

ter was poured around flask B and stopcock H was closed. 3y
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lowering the Dewar flask containing ths earbon dioxide snow
and ether the liquid hydrogen dbromide could be caused to boil
and thus dry gas passed through the discharge tube and out
through stopcock N, The gas issuing from N was absorbed in
dilute alkeli., The middle portion of the hydrogen bromide was
used for filling the dischsarge chamber and then the stopcocks
I and ¥ were closed and stopcock H opened so that the remaind-
er of the hydrogen bromide was absorbed by the solution in
flask B, The discharge chambsr was Tilled at a pressure
slightly in excess of the barometriec pressure and then main-
tainsd at constant temperature by the thermostat P for three-
fourthe of sn hour after wnich the discharge tube wes momen-
tarily opened to the outside through stopcocks M and L. Stop-
cock ¥ was opened to the manomster and then closed. From the
manomster and barometer readings, the pressure of the gas in
the tube was determined.

The potentisl imposed on the walls of the discharge tube
during the experiment was determined by the use of the spark
gap. The voltage used vas calculated by use of the formula

= 30,000 d + 1500, where V represents potential difference

<}

in volte ené ¢ the distance gpart in centimstesrs of the brass

During a run the silent discharge had a heating effect

which maintained the inside of the tube about 3°C. sbove the
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outside and so the thermostat temperature was lowered this
amount to maintain the tube at 2s nearly constant tempsrature
as possible. At the end of a run the pressure of the gas was
deternined as before starting.

The reculting mixtnre wes analyzed by ths following meth-
od. The coll T was surrounded by carbon dioxlide snow and eth-
er after dry air had been used to dry it. rifty cc. of stand-
ard alkali with two drops of phenolphthalein were placed in
the vessels marked ¥ and potassium iodide with water placed in
the vegsels marked W. Vessels W and X were comnnected by
ground glass Joints_to the inlet tubes from coil T. To sweep
out the discharge tube, alr which had ﬁassed through glkaline
pyrogsllate, potassium hydroxide and sulfuric acid was made to
enter the tubs throuzh stopcock W at the rate of about 18 cc.
a minute and thus the resultinz mixture was carried through
the coil T where the bromine was solidified., The hydrogen
bromide was conducted into the standard alkall and ‘there neut-
ralized., Since the temperature of the cooling coil was be=-
tween -70°C. and -80°C., the vapor pressure of the bromine was
abont 0.1 mm. andé consequantly the phenolphthalein in the
standard alkali was not decolorized. After siy had passed
through the tube for thirty minutes, the bromine was warmed to

room tamperature andé caused to rass into the potasssium iodide
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solution. At the end of a run, water was poured throuzh stop-
gock U to wash the inlet tubes to the vessels ¥ and X, The
excess alkali was titrated with standard sodium thiosulfats,
using starch as an indicator. In some of the determinations,
from 0.2 to 0.6 cc. Of 0.644 normal KCH was required to neut-
ralize the hydrogen bromide carried into the potassium iodide
solution. mowinzy the amounts of bromine and of hydrogen bro-
mide at the end of a run and assuming the ideal gas laws, the
total volume of these two gases was compared with the volume
obtained by calibration of the tube. These results are tabu-
lated with the data. |

The water useﬂ.haa been distilled from alkaline permang-
anate and freed of ammonia and carbon dioxide by partial con-
densgation of the steam. The bromine and potassium iodids us-
ad were {rom lerelk and Company, llew York, while the phosphor-
us had been prepared by the lallinckrodt Chemical VWorks, 3St.

TLouis, llissouri,
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+ 2.70 + 2090

2 212.00 -12.00 74.17 74.1L -0.22 0.158 50.78  17.65 47.40 1.43& 2.844

+ 2.70 + 2.7¢
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7 - 6.2 - 6.0 T74.0Z TZ.40 -0.E1 0.2 £0.2 18.80 48.1 1.283 2.886
+ 2.20 + 3060
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10 - 6-60 - 6062 73-85 73.60 —1010 0043 50072 18005 45015 10895 2.709
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DATA

Hourse

oF

Time Volume of Tube %

Sxpoged Hydrogen
Temp. to From From Bromide

No. Y¢. Discharge Results Calibration Voltage Decomposed
1 33 3 110.4 110,56 11,000  65.95
2 33 3 110.0 110.5 11,000 66461
3 35 3 110.2  110.5 15,500 66.42
4 33 3 111.3 110.56 15,500 66,34
5 33 2% 111.1 110.5 15,500 65,56
6 33 4 106.0 106.7 15,500 64.99
7 15 4 107.5 106.7 15,500 69.22
8 15 4 106.4 106.3 15,500 70. 30
9 33 5 107.0 106.3 15,500 65,35
10 %g é 106.4 106.3 15,500 66.01

9
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The readings of the manometer at the beginhing are those
which correspond to the beginning bsrometer reading since the
tube was filled at 33°¢. under a very 8light excess pressure
and maintained at this temperature and ten the excess pres-
sure released by opening the tube momentarily to the outsidse
through stopcocks ! and L. Thus the pressure of the hydrogen
bromide gzas in the tube was egqual to the barometer reading.
The plus readings indicate those above the zero of the manom-
etor scale and of the arm attached to the discherge tube,
while the minus readings are those which were below the zero
of the scale and are of the open manometer arms The manom=-
eter and harometer ieadinga are given for the beginning and
the end of the runs and from these the change in pressure was
caloulated which served as a check on the results.

The cc. of .0644 normsl base to neutralize the potassium
iodide solution, represents hydrogen bromide carried into
the potassium iodide solution and is included with the total
amount of base to neutralize the undecomposed hydrogen bro-
mide., The amount of undecomposed hydrogen bromide is obtained
by multiplying the total ce. of base used in the anslysis by
its normality {= .0844) and subtracting from this the ce. of
acid used multiplied by its normality (= .1037), which repre-
sents the egquivalent of hydrogen bromide in cc. of normal solu-

tion. The equivalent cc. of normal bromine at equilibrium is
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obtained by multiplying the c¢o. of godium thiosulfate used by
its normality. The fractional decomposition of the hydrogen

bromide is obtained by dividing the equivalent of cc. of nor-
mal bromine by the total egquivalent cc. of normal bromine and
hydrogen bromide.

The volume of the tube as calculated from the results of
analysis of the final mixture was determined by using the
formula V = g/m %2 which involves the assumption of ideal gas-
es. V represents the volume in co.; g, the weight of hydrogen
bromide; m, its molecular weight; R, ﬁhe gas constant in ce.
atmospheres; T, the absolute temperature; and P, the pressure

in atmospheres. Tor example, the caleulation for run No. 1

” . _ 4.276 x 0.080928 x 82.07 x 306 x 76
would be V = 8O- 0S8 X 73,90 .

ning barometric resding was used in sach case.

The begin-

The cslibrated volume of the tube in the runs 8, 9, and
10 differs slizghtly from the preceding ones due to breaking
a connecting arm after which the tube was recalibrated. Two
different tubes were used.

The change in pressure in runs number 8 and 10 is large
but the results may be considered to show that s larger de-
composition ococurs at 15°C. than at 3500. and also that the
equilibrium is attained at 5500. which is the same whether

0
the run is made at 33 C. or cooled to 1500. and run for a
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time and then rerun at 3300.

The average of runs NMos. 1, 2, 3, 4, 6, and 9 is 65.94%

decomposition and thig is used in the following discussion.

DISCUSSION
From the data obtained the equilibrium constant for the

reaction HBr —¢H, + %Brz would be caleulatad as follows,

Pr, Ppr,  (32.97)F (32.97)% 4
Ky = —=———=2 = = ,9677 where 65.94) is the
P P 34.06

OBr
amount of decomposition of the hydrogen bromlide which is taken

Ifrom the average of the vest 8ata obtained.

%— = 1,033 is the constant corresponding to the free en-
ergy eZuation (1) AT° - -11,970 + C.45T1aT ~ .0000ZET~ -
Z.747 given by Lewis®. Since  (2) st? = ~RTIn¥ we may use
these two equations to obtain eguation (3}, Rlnx, = 11,970 -
.48 1nT + .0000258T + 5.74, and by substitution of vargous val-
ues of T attempt to find such a temperature that would zive
the value of X = 1.033. It is found that no value of T will
Zive this value of ¥X. Taking the first derivative of the lat-

ter aquation we obtain (4) d(Ranp) = «11,970 - 0.45 + ,Q00025.

an e 0

8., Lewis and Randall, "Thermodynamics", p. 517, licGraw-7ill
Book Co., New York (1983).
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Placing this equal to zero and solving, we find that T equals
32,660° A.

The second derivative of equation (3) is positive, which
means that for the vslue T = (52,6600 A) is the value at
whieh equation (3) is a minimum. Substituting this value of
T in equation (3), we find the minimum value of X = 3.09.

If the heat capacity data, vhich are from a summary of
the best present data obtainable, held at hizh temperatures
then this decomposition of hydrogen bromide ettained under
the influence of the silent slectrie discharge could not be
analazous $0 s thermal effact, Lewisslhas pointed out that
if the above frees energy equation is valid the dissociation
of hydrogen bromide could not excead 50% from s temperature
effeot except insofar as other reactions enter such as the
dlssociation of hydrogen and bromine into their monstomic
forms., Since bromine is known to dissociate apprecisbly at
nigher temperatures, it is quite likely that the above fres
energy eaquation is not valid at higher temperatures.

Xurt Vogel v. Palcksteing measured the thermal dissocia-
tion of hydrogen bromide at 1495° 4 and Tind it to be 1.08%

dissociated. The formula Log Kp = -5?25 + 0,533 log T - 2.72

8. Lewis and Randall "Thermodynamics", p. 517, leGraw-Hill
Book Co., New York (1923). -

9. Xurt Vogel v. Palckstein, . fur Phys. Chem. 72, 113
(1910).
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deduced by Nernstl® appears to nold well at 1200° A to 1400°
4 and would indicate that not more than 10% of the hydrogen
bromide would be dissocisted below 4000° A. In the above

p )
HEs B, _ 11
formula K = ~——3 . Bodenstein and Gelger  from elec-
p .
HBx
tromotive force measuremsnts have deduced an empirical form-

ula and from it find that 107 of hydrogen bromide would be
dissociated at 2311° 4.

Hydrogen chloride was subjected to the silent discharge
by Lioser and Isgzetrischewl2 and they found 0,67 of it was de-
composed in two houfs using a voltage'of 14,700. Using pure
hydrogen and chlorine, they found that only 94% of the possi-
ble amount of hydrogen chloride had been formed in two and
one-half hours using a voltsge of 13,000.

For 0.67% decomposition the equilibrium constant for the

( 99.4)
reaction {l, = #C1,+ HCl is K = (rgU;g)% ( - Ya_ = 331,
I00.5, I00.6 13

The corresponding free energy equation given by Lewis

ie AP® - -21,870 + 0.4571aT - .000025T° - 5.31T and using s -

10. Nernst, -eit. fur %lektrochem. 15, 691 (1909).

11. Bodenstein and Geiger, L. Physik. Chem. 49, 70 (1904).

12. loser snd Isgarischew, 5. Jlektrochem. 16, 643 (1916).

13, Lewis and 2andall, "iThermodynamics", lcGraw-Hill Book
Co, Mew York, p. 503 (1923).
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o —
2270 ~

Since this is equal to -2TInK,. we find Kp to be 328 which

value of T equal to 2270° A we f£ind AF 26,158,

P
corrssponds to the Kp obtained above. Since equilibrium was
not attained and since the decomposition might be mors than
0.6% at equilibrium, the tempsrature of a thexmal equilibrium
of this same value w uld be higher than 2270° A,

14 obtained 15.84% decomposition of

lloser and Isgarischew
carbon dioxide into carbon monoxide and oxygen at 2000. and a
final pressure of 804 mm. using the silent electric discharge
at 9,800 volts and also at 21°C. with 12,400 volts obtained
187 decomposition. The equilibrium constant for the 15.84%

decomposition is

(pco) (84.16 < 804)

2 107.92 760 . = 19.07
P 4] \z = 10, ° e ¢ M
(Ped) Pog)* ~ (752 = 780) (f67-z = 750)
where CO + éoz-—>coz is the reaction. The corresponiing free

enerzy equation given by Lewisl5 is ‘AE§520 = 14,805 =

-HTanp from vhich Kp = 19,24 which agrees well with the Kp

K =
1%

above and thus the 15.84% decomposition corresponds to the
thermel equilibrium st 2520° 4. TFor the 18¢: decomposition,

Kp = 16.38 and this corresponds to the thermal equilibrium at

14. Moser and Isgarischew, Z. Slektrochem. 16, 613 (1910).
15, Lewis and Randall, "Thermodynamies”, p. 575, leGraw~-Hill
Book Co., New York (1923).

i ame i 2
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2560° A. Wendt and Farmsworthl®

have also subjected carbon di-
oxide to the corona discharge and find an equilibrium value
which is the same as the thermal equilibrium at 2600° a.

In the Deacon reaction, Hoser and Isgariséhew17 found that
about 9575 of the hydrogen chloride was oxidized in the silent
discharze when a mixture of 15 to 207 HCl with oxygen waes used.
The determination was made between 70 and 80°C. and under these
conditions water did not condense., With the assumption of the
ideal gas law the edguilibrium constantifor the reaction
HCl + £0,~>%Cl, + 3Hy0 is caloulatsd as follows:

Tor a mixture of twenty mols of hydrogen chloride and
eighty mols of oxygen in whieh 95% of the hydrogen chlorids is
oxidized, thers would be present in the resulting mixture one
mol hydrogen chloride, 75.25 mols oxygen, 9.5 mols chlorine snd
945 mols of water or a total of 95.25 mols of gas in the mix-

ture. Since the final pressure was 702 mm. and

°a1, "Hp0
Kp = o D; , the value of Kp expressinz the partial pres-
"HC1I 0,

Suras in atmospheres would be

16, VWendt and Farnsworth, J. Am. Chem. 30c. 47, 2494 (1925).
17. Moser and Isgarischew, Z. Rlektrochem. 16, 613 (1908).
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9.5 A é_ibéi__ x 102 % |
95,25~ 760 56,25 X 760/ _ 1 0s7s.

(L1« 702) [(75.25 702)? )
\ 95.25 760 | 96,25 760

18

Kp=

Since AF = -RTIn¥ and Lewlis™ hsas given the free ener-

gy expression AP - 6,835 - «02FlaT - .OOOSE‘)T2 + 0000001851°
- 7.27T7 for the reaction %ciz+--éﬂéo(g)->H01-+ %05 then -%- =
X and 1nk, = 6,855 - .0271nT - .000857° , .0000001851° - 7877,
4 value of T = 8500 4 placed in the above expression gives a
valus of Kp = 1.,0298 from which it is ssen that the effect of
the corona discharge on such a mixture of hydrogen chloride
and ®ygen is equivalent to a thermal effect of 850° 4.

J. H. Daviest® sub jected smmonia gas to the influence of
the corona discharge and obtained 2.87% of the gas left with a
finsl pressure of 1,561 mm. and also using nitrogen with hy-
drogen that 2.86% of the finsl gas mixture was ammonia where
761.2 mm., was the initial pressure of the nitrogen and hydro-
gen gas mixture. The equilibrium constant using the lsatter
value for the reaction 3Ns+ 3/p Hy, = NHy is calculated as
follows. Since 21.7 mm. is the pressure of the ammonia formed
and the initisl pressure 1s 761l.2 mm. then the Llnal pressure
mist have been 761l.2 - 21.7 = 739.5 mm. The total pressure of
18. Iewis asnd Randall, "Thermodynamies™, p. 504, licGraw-Hill

Book Co., New York (1923).
19. J. H. Davies, L. Physik. Chem. 64, 657 (1910).
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the nitrogen and hydrogen which were in stoichometric guanti-
ties would be 739.,5 - 21.7 = 717.8 mm. from which the pres-
surs of the nitrogen equals 179.45 mm. and the pressure of
the hydrogen equals 538.356 mm. Kxpressing the partial pres-

aures in atmospheres, .the eguilibrium constant is

(#)
X = - s = 4 997,
P (132.45)% (5o§.a5)

The corresponding free energy equation given by Lewisgo

is  AF® = -RIInK, = -9,500 + 4.967InT + . 0005767 -
.00000085T° - 9.61T from which a value of T= 455° 4 gives a
value of Eb = 1,00 and the amount of ammonia formed corre-
sponds to a thermal equilibrium of 4550 4. Howsver, if the
value of 2.87% of ammonia left using s pressure of 1,551 mm.
is used, Kb = ,0563 and this would correspond to a tempera-
ture effect of 592° A.

It has been showm by WarburgZI that the yield of ozone
greatly increases when oxygen is subjected to the corona dis-

charge at lower temperatures. lewis and Randallzg have sum-

marized the betiter data on the reaction 3/2 0y —>0z and have

20. lewis and Z2gndall, "Thermodynamics”, p. 557, licGraw-Hill
Book Co., New York (1923). -

Z2l1. VWarburg, Ann. Physik. (4) 9, 781 (1902).

22. lewis and Randall, "Thermodynamics", p. 476, licGraw-1ill
Book Co., New York (1923).
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arrived at the egquation -3Tln¥X = 34,600 + 2.75 1nT - .0028T2
+ .00000031T° - 22,47 from which it may be shown that as T
increases ¥ increases. Thus it is seen that a higher temper-
ature tends to increase the yield of ozone and consequently
the increased yield of ozone using lowsr temperatures under
the influence of the corona discharge is amalagous to a high
temperature effect, |

It is interesting that of all the equilibria thus far
noted, the equilibrium values in the corona discharge ave
those which correspond to a thermal egquilibrium at elevated
temperatures. The sction may be photochemical in nature re-
sulting from secondary radiation set up in the tube, or it
msy be the result of ionization caused by the styream of elec-
trons across the gap or a combination of effects. It is known
that hydrogen bromide, ammonia snd other compounds may be de-
composed or synthesized by use of different wave lengths of
light and tms 1f the action of the corona discharge is phobto-
chemical, the equilibrium attained would be the result of dif-
ferent radiation frequencies ocourring in the discharge tube.
However, it is peculiar that all of the equilibrias so far at-
tained are those which correspond to thermal equilibria at el-
evated temperatures anl this would indicate that the action

may not be photochemical.
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Whatever may be the mecinanism by which these equilibria
are attainsd in the corona tube, the following condition of
affairs would produce the same type of results that have been
attained in all these gasecus gystems. It may be assumed that
some of the molecules become ensrgized and are in such a state
that they becoms reactive or may decompose and that this state
corresponds to that which oceurs when the substance is heated
to an elevated temperature. In this state, the energized mol-
ecules react and are immediately cooled to the temperature of
the discharge tube and thus equilibrium is reached which cor-
responds to that of a thermal equilibfium at a tempsrature
much higher than that of the discharge tube. Turther evidence
in support of the above concept is given since it is knowm
that reactions of dry gases such as, hydrogen snd bromine to
form hydrogen bromide, and carbon monoxide with oxygen to form
carbon dioxide, are slow resctions, amd that if such gaseous
equllibrium mixtures wers suddenly changed from a high temper-
ature or corresponding energy state to a temperature or state
where the reaction velocities are extremely slow, such an equi-
librium would be attained that would correspond t0 a high temp-
erature. The prgviously'discussed increase in yield of ozone
by lowering the temperature of the discharge tube appears as

evidence of the above mechanism.
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SULIARY

The equilibrium of hydrogén, bromine vapor and hydrogen
bromide has been determined at 33°C. under the influence of
the corona discharge.

The same equilibrium may be attained if the final temper-
ature of the discharge tube is the same regardless of whether
the tube was or was not eooled to s lower temperature during
the Tfirast interval of a determination.

All of the semi-equilibria in gaseous systems thus far
attained by use of the corona discharge correspond to a ther-
mal equilibrium at a temperature much higher than that of the

discharge tube.
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