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 INTRODUCTION




1.

| As far &8s gas mixtures are concerned, whose reac- ?
tlona are accompanied bty a change in volume, the dotorwt
minntion of composition and rates of reaction has pre- }
viously besn ecarried out largely ty static methods 1.0.-
hy measuring the changes of pressure occurring at dari-
gnlto time intervals under constant volume conditions. 1
3To obtain satisfactory rate measurements in relatively ;
rapid rcactions, investigations have usually been undor+

|

‘taken at reduced pressures.

{

Very accurate measursments of this kind by Boden- |
istetn?*ll/'havs resulted in the determination of the

|

%

- weloolty eoefficients of the following reactions: |
| MO + 0g = Ny |
2NOp = 2O + O, |

The velocity coefficlentsthus obtained can be appliod

only approximatsly to the measurements of gas reaotions
takins place in flow systemsat constant pressure; con-

versely the determination of velocity coefficlentsty ath

rlew rato measurements 1g a matter of some complexity
lmd aiffioulty./17/.

| The work to be here describedrepresents an attempt
%o datermine the compoaition of gmses reescting in a rlow
pyatem at atmospheric pressure, the reaction investiga=-
ted bolng the oxldation of nitric oxide, The method |

Qnggoated is tesed essentially on the measurements of

%olumo variations of the reascting gases at differsent

{
|
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time intervals. This was achieved by measure of a flowe
meter acting at the exit from the reaction chamkber.

¥

When the ges passing the flowmeter deesnot change in com
position during the flow, the volume of ges paesing may
te easily detcrmined on the basi%fbrevidua calitration,
_tut when the composition of the gas alters in density
during the flow, this simple method will not suffice.
In the method here adopted the flowmeter was calibrated

against the flow of equal masses of various gases of de
finite density, &s will te shown. The graphical relation-
ship s0 obttained may then te used to detsrmine the den- _
sity and hence the composition of the gases issuing from the
reaction vesssl,

The changes in flow rate in the reaction were mea-

k]

sured on a differential manometer by means of a catheto-
meter /estimated accuracy 0¢0l mm./, With flows applied

L

in the present measurements, 1 mm. of pressure differen:
ce corresponded to 2'3°/° of the volume of gases flowing
past; hence O¢l mm. corresponded to 0+23°/0, which is
e sufficient accuracy.

The measurements were carrled out under atmospherile
pressure, the gases escaping into the open. Such & method
involves many difficulties. Maintaining a constant gas
_|flow in the present instance of approx, 300 6.0./min.,
nscessitates many manipulations, often difficult to carry
out. Howsver, the gas flow was kept constant with an error




Je

normally less than 0*5%/0, provided the constant pronsu;
%re and temperaturs were suitably maintained in the NO

and 0p contalners, ,

: From the experimental data of the flow volumes thof
‘contents of NO, Oy, NpOy and NOp, respectively, in the
%1asu1n5 flow gases were computed for various reaction |
?periodt and for different temperatures. Unlike the uta-;
‘tio method, the method suggested enatles one to measure
fthe reaction rate, at very small time intervals /rruotiﬁns
;of & socond/ after the reacting gases have been mixed w;th
?one another. | | |

Sueh a method is obviously of advantage when reac-

:tlons under consideration involve the possibility of ani

‘induction period or nimliar initlating. phenomena.
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PART
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APPABATUS FOR MEASURING

N FLOWe

OF GASES




lof oxidetion of nitric oxide, consisted of four parts

4.

The apparatus which wes finally adopted, after

many trials and alterations, for the measurement of rates

/Fig. 1/,

A, epparatus enabling nitric oxlde to te delivered to
the reaction chamber at a oconstant flow rate, constant
temperature and oonstant pressure,

Be nitrie oxide pro@uclng unit,

C. apparatus in whioch the rcactién takes place, and
apparatus for measuring the contraction of the resoting
gaaes,
D, apparatus for oxygen, not shown in the drawing, but
similar to that under A.

Ao

This apparatus consists of a glass vessel /11/
and en arrangement wherety water was delivered into the
vessel at a definite flow rate and at room temperature,
for the purpose of maintaining an uninterrupted dellive-
ry into the reaction chamber of dry gas at & definite

temperature and pressure. The vessel /l11/ wesa provided
with a tubte and stopecock /12/ for filling with gas, |
& water manometer, e thermometer, & tube connesting the
vesssl with the :e%%lon chambter; gas drying vessels wiéh
caleium chloride /17/ and phosphorus pentoxide /18/, |

v |
respectively; and an outlet with stop-cock /8/ for dint
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Vessel of gas and arrangement for gas flow regulation




Se

charging water during filling with gas, and for pascing
water into the vessel when gss 1s delivered from the
veszol. In order to meintain the acnstant flow rate snd
constant temperature of displaecing water, the respectiv
apperatus consists ofs a water tap /1/; a flask /la/ fo
heating watery two vessels /2/ and /3/ for maintaining
éthe constant water level; a tottls /4/ in which the wae
gter‘ultimataly agsunes the tempersture of the surround-
§1n3 air; an outlet /5/ fitted with a nozzle /6/, the les
vel of which can be sltered arbitrarily, thus changing

v

the flow rete; a tube /7/ delivsring water from nozzle

/6/ through /8/ to tottle /11/. The rate of flow of wae
ter through nozzle /6/ was controlled by edjusting the

nozzle at a corresponding level with regard to the level
in vessel /2/ and /3/, ard bty measuring in & volumotrie
flagk /10/ the quantity of water dslivered during a de-
finite time from the stope=coek /9/. In ordsr to okviate
the effsct of the varistle kinetic energy of water falle
ing from the noszzle /6/, a constent high water level 1is
?malntained in tube /7/ ty means of an automatio device

?not ghown in the drawing. By the akove mesns the gas
flow rate of 2055 6.0.N0/min, within the limits of error
of 0¢3%/0 sould be maintained for several hours.

Two identiocal sets of such apparatus, viz, for

nitrie oxide, and for oxygen, respectively, wore employed.
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Apparatus for nitric  oxide gontinuous production
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Be

The apparatus for the continucus production of NO
eonsisted of a horizontal Pyrex glass tute /13/ heated
ty means of a tubular turner. A cooled agqueous ferrous
sulfate solution mixed with sulfurle and nitric acid is
delivered from vessel /14/ at one end of the tute; at
the other end thktroaultant 1iquid is dlscharged at the
Ebottom. while gaseous NO was liberated from water in th;
fvertioal condenser /15/. The nitric oxide thus ottained,
?when enalyscd in a Hempel burette by moeans of potassium
permanganate, was found to contain mors than 99°/o No,
the talenes teing assumed to be nltrogen,.
| The oxygen was taken from & gylinder and analysed

with an Orsat apparatus.

Ce

The apparatus in which the oxldation of HO to NOjp
took plaes consisted of the reaction chamber /19/ placed
in a constant temperature water bath /29/, provided with
an electris heater /22/, & mercury-ineglass thermoregu=
lator /23/. a2 motor driven stirrer /28/, and a thermome=+
zta(:?' ééy which the temperature was recorded to the nearest
0:01° C. A gas heated Pyrex coil prchaata(x?' /a)ervod for |
‘deliverins water having the bath temperature into the




6a.

Reaction am’ber



Te

imner oylinder of the rsaction chamber., Ths rasotion |
ochambor was gonnected to a differentlal manometer /24/,

the reading of which was determinsd by means of & cathe
tometer /25/ with an estimated error of 0°0l mm. The
differential manometer was filled with alpha~bromonaphtha-
lane, this 1iquid not being appreclatly attacked by NOg.
The manometer /25/ gave the static pressure inside the

raaction chanmbor,

The Veriabls-Volume Reagtion Chamber. /Fig. 2/

The oxidation took place in the space /1/ formed
by & glass oylinder /2/ of 23 mm. tore, with a semi-
-spherical bottom, and Ly an inner oylinder /3/ closely
f1tting into the outer eylinder. The position of the |
immer eylinder defines the size of the reaction chamber.
4 plece of rutter tublng /4/ prevented the entrance of
air,

The reacting gases NO and Op reach the reaction
chanber through tubes /5/ and /6/ respectively, these
tubes having a common outlet at thelr tottom parts,
when passing through the tubes, the gasas are heated

with water circulating through the interior cylinder

from and to the constant temperature kath, The water
inlet is at /T/s neay the thermometer for determining
the temperature of the water. The pointer /8/ is arranged
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on on2 of the tubss for the purpose of indlcating the
ohambar spags on the soale /9/.

The gas oxit in the hottom portion of ths outer
eylinder is fitted with & small nozzle /10/ whioch ine
oreasgss the pressure of the gases in the shamber, After
passing that noazle, the gas escspes freely into the air
through ths tuke /11/. The pressurss inslde the chamter
and beyond the nozzle are transmitted to the dirfarentlpl
manometer through tutes /12/ and /13/, respsctively. Th%

mean tempersture in the lower most pert of the ochamter

is reed on & long thermometer, the mercury tulb of which
is arrangsd inside the ghamber, Both the thermometer anh
the nozzla are econnected to the chenber by grsésed grouLd
Jointe.
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PART III

E _PRINGCI OF MEASURIN VOLUME

OF FLOWING GASES3 WHOSE DENSITIES VARY DURING THE FLOW;
THE_CALIBRATION OF THE NOZZLE, /DIAGR., 1 AND TABL, 1/.
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4 It was found experimentally that a straight line

iu obtalned if at a gilven temperature volumes eorresponéu
1ns to equal masses of various gases of different donai#
ties /e.g. COps Clys 8iF, No/ paseing through the cham~3
tor, were plotted against the respective rises in prostu»
;res on either side of the nozzle, When dealing with t.haf
§samo gases at another temperature, another straight line
1- obtained, |

| Chlorine and air were used for the purpose of ca11$
hratlng the nozzle, since the values betwsen their donni~
5t1ea comprise the densities of the mixtures of gases Noq
Ops Nps NOp and NgOy, 8t any degree of dissociation of ;

NgO0y4e At & glven temperature and pressure, volumes of |
§012 end alr have been used, corresponding to a mass of 5
50'4 8¢ por mlhute. The same mass was alwseys used when |
meaauring the oxidation of NO, i.e., the sum of masses ;
«uf KO and N led through the apparatus during one mznuto
waa always equal to O+4 g. The maaaurementn of the prousu-
;" difference p; « pp =h in the reaction chamber, ohtain-
ied for Cl, and alr gave the dats of h for different tom}
peratures, a&s shown in dlagram Dl.

| From diagrem 1 one ottains dlagram 2 in which the
‘abscissae represent the pressure h in millimeters read

on the differential manometer, while the ordinates re-
gprasant the flow ratoa expressed in e.c./min. at H.T.P.

iThe mags of the gaaos being alwaya equal to 0¢4 g, 1t
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(%«[’le /

Calibralion wilh ate .
Gdsvessel g‘;/ Chaunbet| h | h

£ | Lot €\ P Yoan 5 ||

Lo

164°| 114 998 ?574’ 51 | 52143 164
16 | 114 358 | 358 P21 |Sido|249
16§\ 117 |Ha4 |39 334 $4-T6\ 174
16:6 | 120 | 958|454 |THL \3573| 1718
165119 |51 | 505|553 |56°]]| 184
166 /15 |56/ | 535|563 \S] 16| 189
16:8 /(6 |608| 604|568 5865493
J6:8 | (15 |66/ | 6] | S8/ 5968\ 198
16:8 115 |]0°3 | 6] |S9A (6968 05

Calibralion wilh chlotine

10 168 | 91 | 3% [33:3 |19 |{06s|195.
(0 (166 | 71 |19\ 918 | (18 105 105
(2 |17y | 94 \S2-1 | 547 |20 |2/ 62| (<5
(3 |/%4 | J8 |60-9|60-T |1a-8 |1%-44| /1
14 |75 | 38 | ]9 (69318 |13 (ca

e
=

e e Y

| s

p = pressure indicated by manometer 774(&1/
Ns
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3hu besn found that the flow rate for air was 309¢5 o'cL/
‘/min.. and for chlorine 124¢5 c.c./mine /NeTePos/e Noxt.
lthe h points for temperature of 309, 35°, 40° ... are f
1tranaferrad from dlagram 1 to disgram 2, Thus we obtaln
%1n diagram 2 a series of stralght lines corrssponding |
jta temperatures 30°, 35°%, 40° . _* plotted on axes
or h and of flow rates of the gases expressed in Ge8e/ |

|
|
|

/min. at NeTePo
The diagram 2 enables one to read in 6.c¢./min, the

N.T.P. volune of & gas flowing at different temperatursn.
| The maaauromants of the rate of the oxidetion of

No were otrried out with a mixture containing 1891 a.c-
No. 99+l 0.0s Op and 45 0.0, Ny HeTeFs por minute, the
tutal masas being 0°4 g | |
| The readings of h for varlous chamber volumes and
1variouc temperaturss ensbtle one to read directly in
sMagram 2 the flow rate in e.o./hin. at N.T.P. on the
;cerrdsponding streight line,.

Results. |

, The measurements of differential pressurses in
%reactlona with flowing gases which escape freely into
%the surrounding air involve many difficulties caused by
éuuddon chenges in the atmospheric pre¢ssure. consequgntly.

?tho meaguraments have been carried out as far as possitle
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\
\
|

gunder ¢ornditlione of steady barometer pressure.
| After filling the gas containers with NO and oé.

the gases were analysed for NO, Oy and Np. Assuming that
'the pressure in the containers was a known and constant
Eono @s e 100 mm., water head, the flow rates of the gp-o%
wers calculated so @8 to malntain thestoichiometric re-
1ation RO s Og= 24 1. and to have the sum total of thn
gaaeous masses equal ¢o 0°*4 g./min. The results obtuined
weres volume of NO = 189¢1 ¢.¢./min., Op ~ 99°1 6.0./min.,
Ny = 45 0s0./mine NeTePy, hence NO 3 0,= 1491 ¢ 1,

Aftor the constant temperature of the bath had boep
f
|

reachad and the required water-flow into the gas cone
tainers adjusted, the stop-cock /9/ was closed and the
stop-cock /8/ opened. Water flowed into the bottle amd
displaced the volumes of gas equal to the volumes of |
added water. This refers allke to NO and Op. Each ges
then entersd the reaction chanber, in which the gases
mixed and reacted with each other.

The measuremsnts alwaye btegsn with the snallest
chamter volume, 1.6, position 1 corresponding to the
volume of 5¢7 ¢,0. The thermometer /20/ showed the rise

in temperature, while the differential manoneter /24/ j
indicated the difference of pressures on either side of

Vtho noszle. As soon as the cathetometer readings of the
pressure were constant and the temperature in the chame

tor did not rise any more, readings were taken &s 8l
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1

raady ghown in Tatle 2. Thus, measuremsnts were oarr&od
'aut for sixteen politionn of the adjustable tubae, core 3
renponding to sixteen different volumes, As ghown in L

mable 2, the variations of temperature in the gas botthn
did not exseed 0+5% which is equivalent to 0¢3%/0 of th’
| wolume. ,

E The variation of pressure within the tottle /11/

hid not exsead 36 mm. H,O which is responsitle for the

maxtmum variation of another. 0+3%/¢c of the volume of

gaseu in flow.




i 8 ‘ 0 / £ - . Yelume| lolume | sun wce .fhmaje
: N0 vesse zf'o‘ v o ~p, 2L |ofgas  |ofgas | we mm,
/’ aiflfllﬂl oo 4 lf‘ - ~ - z‘/‘ — 7 Wm the 44‘4 wwéu i 4'/:17" /Zf: MH /Zf?ﬂafw seehiou s
the ham, [ofa'«l. /u“. tﬂ‘/,mju Zaja/} /UZ(’J.‘ Z“:%mlﬁl Aol /n chom .,c-,wm.,/}f_}? ,;;ZMMM 17(%«“ m:%u./ﬂ.f
0 1%»3 105 | 164 294-7
E | LTy TeH | 17.4 |To4 | 4§ e B0 | 35 | 4383 g8 | 8y (Tad Gl
Yol 10 [ 168 195|115 | (5 (714|356 Theng| 18y | 243.5| 6qed | 257
(LT B | 9 a7 |48 | 19 | su 2943|163 | 1924 5c79 | 203.5
Sl B | 164 PEAR RN i\ 152 | (76 | kiyt | 1537
o IET L T T LT 8| 160 4 (366 | 35 | L538| 19e 16957 43d7 | 174,
R Bl L L W | 1TH L 180 | 115 | 6w | 146y | 145 | 164.5| HI8T | 148
® 4043 | 1634
g T4 | 110 | 174 00 [ e | 1o ML 386 | 35 | 13493 | 140-5] 140 | Wewy | 1ée
- : 3978 | 1594
;? B £ 44 [ 116 | 498 | 117 | 165 | 304 1333 | 1379 199 Jgaj “fgf
; ;
6 118 | 84 | (76 | 178 | 118 | 164 3’(.5 3$:6 | 35 | {30 | 136 | 1546| 3 | 157
13 | 3850 | 194
o s R RR TR 207 | 4345 | 1508 JAAF | 1 $3e4
15 18 ’ 3812 | 1945
o

WL ITT 179 | 116 | 165) 374 | 36 |35 | 2252|733 | 197.5| 3800 | 752




12k,

PART IV

INTERPRETATION OF MEASUREMENTS.
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The measurements made are condensed in Tatle 2.
f They refer to sixteen volumes of the reaction chamber,
the first of which was 57 c.c.

The pressure difference /p, = py = h/ read on the
differential menometer at the temperature of the roaction
chanber as given by thermometer /14/ have teen referred
- to Diagr.3 thus glving the corresponding gas flow rateﬁ
| in e.0./min, at N,T.P,

f For the first positlon of the chambter, h = 4353 mm.
| of alpha~tromonaphthalene head; the thermometer readiné
being 69+4°, we ottain from dlagrem 3 the flow rate ot?
§ 225 6.0./min. /NeTePs/s Or 282 0.0./min, for the chamber
% temperature and pressure obtserved. Similar calculations
% have tecn made for ottaining the flow rate values for ?
i each of the sixteen positions of the chamber. These va+
; lues were expressed in 0.08./min, N.T.P, /vﬁrr/ and in
| 8.0,/min, at actual pressure and temperature conditlons
§ within the chember /Vi o,/ 8nd are shown in dlsgram 3
3 plotted against the chamber position. |
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PART v

CALCULATION OF THE TIME OF REACTION

IN THE REACTION CHAMBER.,




If at constant pressure a volume vs of a gas of
fixad composition e.g. Noe O OH passes each minute
Mu@ & vessdl of volume V, the "time of stay” in the
vessel will e v/vs min, If, however, the gas in question
is a reacting mixture such that a decrease in volume
ogcurs, as in the oxidation of nitric oxide, ths averse-
g2 time of stay will bte inereased: if the reduction in volume
is linear with respest to time, then the time of stay
will te increased proportionally.

This mey te illustratsd graphically as follows, If
the volume of gas passing per minute is plotted as ordi-
nates against ths volume of the reaction vessel as abscissas,
then for a vessel volume OA and a flow rate of uniform
gas 0Vy, the time of stay in the vessel will te propore
tloml}%he area oml‘. For a vessel volume OB /= 204/

v N 3

2%
e
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1‘t,ho time of stay will be doutle and will ke proportional
to 0BQVy» and 8o on, For & gas volume Vo /=%v1/ in a
vessel volume A, the time of stay will be doutled in re-
lation to‘ the time of stay for gas volume Vi in vessel

|
|

'volume A; the multiplying factor will te the ratio of
the areas OAPV1/0OARVa.

When therefore the gas volume passing per minute
decreases linearly due to resotion from Vy at 0 to Vs
at A, the multiplying factor will be OAFV/0A3Vs3. For
‘the general case, let the area OASVy be A, When vessel
volume is V and gas volume passing is v at V = 0, the
proportionality factor is !'Zt'! and the average time of
stoy in the vessel will be !-"{-! g ¥-= %2.

As shown ih'niagram 3, the relation between vessel
volume and gas volume pagsing ie not lineer and an in-
itogmt.od arca A is therefore required. For the present
purposes the area A wag determined graphically. It will
be noted that, in Diagram 3 the value v &pproaches & |
constant at high values of V, this indicating no re=-
aetion; apparsntly for such conditions oxidation was
practically complete.

In Diagram 3 the chamber volumes are plotted on
the atscissae at intervals of 25 mm. The volume curve
is not & straight tut a concave line, Thus the area A
‘of the first chanber volume has an area of 7445 sq.mm.j

hence the mean gas flow rate is 1%%5- = 298 6.0, /mine= |
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poT

= 4497 @.0./800, consoquentiy, the time during which
gas remains in the chamter of volume 5¢77 ce0. i8
5+T/4+97 = 14147 sec. Thus one ottains s series of va=
lues éxpressins the time during which gas remains in the
subsequent sectlions of the chanmber, respectively, each
section having the same volume of 5¢7 6.¢. Those are gi-
ven in the last column of Table 2.

Lot us now consider the behaviour of gas molecule
:within the chamber, during the steady contraction caused
ty the reactlion itself. Vhen entering the chamber at'i 8
‘position 1, the gas remaing in the chamber for 1le147 sac.
This meens that a molecule g whioh entered the chamber
fat the moment %3 will reach the exit noszzle at such a
5momen& i, that t2 = £3 = 1147 sec.
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Let us consider the next position of the chamber, |
viz. that with doutle the primery volume. A molesuls j
which passes through b at the moment tj, will ke obnor-w
hed near by at the moment t,, and asy > bhi.
At the third position of the chamter the place of §
r molecule at moment t; and t; will te g and gy, respoc?l-
vely, and tb) > coy. The distances as;, thy, 001, «.. re

then proportional to the gontrasction of the flowing g;-E

,-es at points a, b, ¢, «.¢, respoctively. The time, how+
pvor, necessary for a molecule to pass from & to L, from
h,to ¢ oto. 18 always the ssme, viz, 1147 sec., The po+
~sitionn 8, b, 6, ... GOrYresponding to tims periods of i
1‘147 see, have keen oalled here “contrection segments",
In order to ohbtain the values of flow gas rate por
minute at these "contraction segments™ corresponding to:
time periods of 1¢147 sec., the atsclssae axis has been
divided into lengths of 17 mm., each = 1e147 sec. /Diagr;
4/, " this being shown by vertical /red/ lines. h.xt.i
the times of passage of the gases through the several j
sections of the chamber as calculated abtove have tesn T
‘plotted on the same &xls, using the same scale of 17 mnf=
—1%147 Bec.,against the volume of gas passing/min. |
/NeToP,/ Table 2. Through points thus ottained, vortical
/tlack/ lines have been drawn, on which the value of |
the corresponding gas flow rate per minute /NeTePe/ hnv?
teen measured., The curve ottained enatles one to doterm#no
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gthe flow volumes on the "sontractilon segments" lines.
EThus. we obtaln flow rates at the contraction points. E
| The deereasing gas flow volumes at the eontrnotiou
pointu correspond to volume changes in the primary ges

lvolumo which entered the first chamber section. Thus, w;
obtein a ploture of the contractlion, as it were, of a |

definite portion of the gas, subjested to ths reaction

of oxidation.

|
|

Q The same Diagr. 4 contains curves reprosenting the
échamher temperatures and the dissociation percentege of

Ng0, at thoss temperatures.
? When mcasuring the reactlion velocily by a statle

|

method, one hasg to measure the deorease cf pressure at

a consitént volume, whereas with the above flow method
‘one has to determine the gontraction of gesss at a cone

stant prosgsurs. However, the measurementis &re eomplicatbd

by the process of dissoclatlon of NoQy osourring wlthlni
j‘che chamber at the various temperatures. This is dlscuse~

ed in the next section.
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PART VI

THE CALCULATION OF THE COMPOSITION OF THE GAS FROM

THE CONTRACTION VALUES AT THE CONTRACTION SEGMENTS,
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The volumes of gas ottained correspond to different
}”oontraetion segnents”, and express the contraction of |
the gases due to the gaseous reaction at different tem-
peratures. The values of the gas chamber temperatures,

|
when plotted against the "chamber segments", give a curL

'wé which determines the temperatures at "contraction |

segments", as tefore /see Tatle 3 columns 1 and 2/,
The same method has besn applied for dissociation
percentage of N0, at different temperatures. The values
of the dissociation were taken from Neumann, =/
The firet "contraction segment" is identical with
the first “chamber segment", Within this common segment

the mean chamber temperature was 69+4% C., and the disso-
eiation 65°/0. It should be noted that the dissociation
progess 1s a very rapid one, as assumed by Bodenstein,

hence it will be considered as occuring instantaneously.




.
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PART vII

COMPOSITION OF GAS OF THE FIRST CONTRACTION SEGIMENT,
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As an example of computation of the composition of
the ges mixture at any “contraction segaent”, we may con-
sider the following taken from Tetle 3. Position 1: tem=
peraturs = €9+4% Dissociation of N.04 = 65%/0. Initial
volume of gas = 292°7 c.c./min. H.T.P. EO = 189°1 e.e.,
Oz = 99°1 ¢e0s, Ny = 45 c.c, Volume at position 1=
=225°0 6.6 Contraction = 292¢7 « 225 = 67+7 G.0.

¥hen nitric oxide reacts with oxygen to form K0y,
200 s.ce NO react with 100 e.ce Oz to glve 100 c.c. N043
if no dlsscclatlon of N,04 into HOp took plags, the con-
traction would te 300 « 100 = 200 6.8, At the teaperstu-
re coneerned, however, K204 s 65°/0 dissociated; 1.e.
in the K04 equilitrium mixture itself 100 c.c. HZ04 are
replaced by 35 6.0, N0y 8nd 130 6.8. NOp, an expansion
for 165 « 100 = 65 c¢.c. Overall, therefore, the contraetlion
of 200 = 65 =135 0.0, Will be otserved, and we can say
that -~ anobserved ' contraction of 135 e.c, corresponds %o
‘the conversion of 200 ¢.0. NO and 100 c.cs Oz to 35 c.c.
§n204 and 130 c.c. KO, at the temperature concsrned.
| An setual contraction of 67«7 c.c, was otserved;
‘then By propertion, 100*3 6.8+ KO reacted with 50°1 c.c.
‘;02 to glve 175 6.0, N04 and 65¢2 Ce0e HOp, With a re-
‘8ldue of KO = 1891 = 10043 = 87¢8 Ge8sy 0p= 99°1 = 50°1=
L_dg.o, Np = 4+5 Tatle 4.

The atove method of calculation has tecn used for

somputing the composition of the resultant gases for




;twenty-six contrastion roints. At the point 26, 1.e.
after the time of 1°147 X 26 = 298 sec., thers remained
4°63 c.0e NO /NeTeP,/ /Table 3/, 1.8, 2¢45°/0 of the ini-
tial NO volume, Thus, ths nitric oxide has tesn used to
the extent of 97¢55°/0, ylelding 50¢38 c.c. NOp and 66¢76
CeCe K04 /ReTePs/e

The dsereass of NO during the rsaction is shown in
Diagram 4, where the volume in c.e. /H.T.P./ 18 referred
to the 26 points on the atesciesae axis, exﬁressing the

‘intervals of 1¢147 sec. each.
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PART VII1

DISCUSSION.



|

. \
| |
|
| As shown in Disgr. 4 the curve obtained Ly plot.uné
the flow rate of NO against time shows a aharp deoreaae‘
in the initial stage, this teing succseded by/appsrontly
straight 11na portion teginning at point 6. This Lresk |
at position 6 may be due to ascentuation of oxperimentai
error. To determine the order of the reastion, the ordil
inary- termolscular reaction veloeity equation was then ;
applied; this is not strictly justifiabtle in the presoni
‘oiroumntancea. tecause the temperature is not constant i
for all NO concentrations /888 temperaturo curve Diagr.h/.
The temperature coefficient for this reaction is houovor
sma11.9s 10, 11/ |
In the reaction |

| 2 NO + Op = NpO4s

when 2 b is the initial concentration of N0, and a 1s
‘the initial concentration of Oy

i
é 'dd'%:ko m"- /2/5.1/.

when x is the number of Oy molscules used in time %.
Intezration of this gives the ordinary termolecular ve-

locity - coef!icien%

L= e a {;;a-’aéx +1n 55& - i{}

For comparison with the results of other workers,
flow rates were converted into concentration of grammoe
lecules per c.c., the unit of time teing the second.
Thus at time t = O, the total flow rate was 189+99+11+4- 5=




23,

= 292*7 ¢.c. per minute, of which the flow rate for HC)l
' was 189+1 o.0. per minute. Since the total pressure wa‘
’ stmospheric the partlal pressure of Op was 99¢1/292.7

1 and of NO 189°1/292+7,
] Now 1 grammolecule at N.T.P. occuples 22,410 c.o.;
therefore in 1 c.¢., the number of grammolacules of

= 991 =8 |
02 2927 X 22, 410 '

_ 189e1 _
NO= iy =2 5,

\ —- QA
; = =57 X 55,

' At position 5 /Tatle 3/

? L = 5 X 1¢147 sec. = 5735 sec. = 5°T4 sec.
| KO = 192 ¢.0./min.

0p=141 "

Np= 45 "

Nog= 604 "

Ng04="54+8 "

Total flow 153¢0 c.0./min.
991 06%%
5 T X 52.m 22,

_ 9 Ae LY 2
b Qe 22. 0 2. 41




24,

R A

cox- g -

L -x= gjOG |
Eer2 E%%?}B=B~42X1011
gf%'—'W: ~0+1266

v/a = x/ _ «23 X 10" X 9.2 X 10°2_
n &7E—= 2+303 10810 §35xTo-T X 7-6 x To=2 01142

342 x 10%1{0+142 - 0-1266} = 5+12 X 10°

The results of such caloulation as applied to other
contraction segments aré ghown in Tatle 4, column 4, end
are to te compared ivlth those of Bodenstein, given in
column 3 for the same units and for the corresponding
temperatures. It is to ke observed that the coefficlents
ere of the same order of magnitude, particularly for '.io
segments 3, 4 and 5, end to this extent it may be clalmed
that the present methods of experiment and caloulation
are so far justified. In the initlal stages, however, the
present values are decidedly low and in the later times
intervals & gradual decrsase is to observed, ocontrary
to the recognised rise in velocity coafflclent as the
temperature falls. This latter is probatly due to the
non-applicatility of the termolecular formula to the
present conditlons; because of the changing temperaturs




the same constant values of 2 and b cannct strictly be
taken to refer the entire series,

Accordingly the esleulation was carried out over

various ranges of segments e.g. positions. 19-22, as |
followss

_ 8e _ & _ e
® = reEmratan s S 0066 b= g2ty = 00282
‘ v ' i
v - = 2R = oo f
; ]

ix:O'oo 8 e R/ = 2058 B e = 020248 |
9:00325; / / = 2022 3‘—-9—1&5'22’

22’410 2 ’m
| 1 = 22, 410/2 — e 11
 THE <872 T3 a5/354 xTovgyE 04T X 10

- 8/% _ Be X 10"2 X % XIO“}__

%—"17; 7 :G:L:.I:IS T 3y iioee = 0-03215
t/8 - X/ _ o 2.82 x 10°2 X .81 X102 _

In Y22 = 2303 log 1B 5 {0er X2 ars R 1572 ~ 00723

K = 6. 47 X 1011@0723 - o-oms} = 6:05 X 109

The coefficients so calculated are indicated in
eolumn 5 of Tatle 4. The values are somewhat erratic,
protatly tecoause the r:action runs very rapidly in the
initial segments end experimental error in the slow la=
ter stages has & oorrespondingly large effect; 1t will
noted in this connection that even at position 1, 1.157
gegonds after mixing, the NO flow rate has fallen from

189 to 88. .
The coefficients in the initial stages as shown in
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column 4 shows a rapid rise, but again it is difficult
to interpret this as a real effeot dependent on the kie
netiss of the reaotion. It is true that Bodenstein's re

sults show & similar phenomenon, end later work/C.Furmen,
I.Phys.Chem. 1944, 18, 386; Stoddart, 1.C.S,, 1939, 5/
has been dirscted to the question as to whether the ter

¥

molecular resction is to te more correctly regarded as
a stage process, showing only in the inltlal stages, in
which the taimation of NgOp 18 an essential prelimlnary,

Uncertainty regarding the rate of proper mixing in the |

rapid reaction of the present experiments renders diffi
cult the interpretation of the present rise in coefficlent
values,

From the expsrimental point of view, it would seem
that the temperature conditions met with in the present
research require further consideration. The present re-

sults are dependent mainly on the measurement and inter

L

pretation of h, the pressure difference recordsd on the
manometer measuring the gse exit rate from the reactlon
ohamﬁcr. The use of oL~ bromonaphtalene in this connecti
appeared free from otjection, & conclusion also reached

by Bodensteln., The calculation of the gas composition

b4

n

from the value of h depends on the temperature of the
issuing ges, the equilibrium dissoclation of Nz04, being

8leo involved, Any error in temperature measurement has
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here a consideratle effect. The thermometer which here
hes beon teken to give the required temperature, while
adjacent to the manometsr noszzle system, will not give
the exact temperature in the early steges where small
reaction vessel volumes axre ¢oncermed with a relatively
large temperature gradient between entrenee and exit.

a4

to the exit from the vessel, At the same time the tempes
ratures resorded in the later stages of the reaction are

Fonsfbly the same and little error arises in this way;

should te in this respect more accurste.

ssentially correect. Modificationsare howsver necessary
o%E%in regard to the temperature faotor-abovo but als
1th further examination of the pprity and conditions o
entry of the éeaottng gases; a reaction which takes plac
rapidly would also be of advantage.

bte advisatle to have the thermometer as close as possitle

In conclusion it may te claimed that the mathod here

evised 1s, from comparison of the Bodensteln coefficlents,

It would therefore appear that in this connsotion it would

the segment to segment caloulation of veloolty soefficlent

a.
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