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Table I.
HEETFRA i K % q
L I - G 1 1E & % Cy —_ K. cal QX ¢y X100
(E8ik) Ca Mol
Methan CH, 0.05 20.0 1817 953
Ethane Cotlg 0.0322 311 336.7 1034
Prapane CyH, 0.0237 423 184.7 1147
Butane C,i, 0.0186 53.7 634.4 1180
Isobutane Cl,, 0.0180 b6.6 630.6 1135
Pentane Cpll;, 0.0140 T1.3 T74.9 1085
Isopentane CyH,, 0.0132 75.7 780.7 1030
Hexane Coll,, 0.0125 80.0 915.9 1145
Ieptane C;H,e 0.0100 100 1064.5 1065
Octane o o 0.0095 106 12077 |7 1147
Nonane CyHag 0.0083 112 1353.0 1123
Decane CiHas 0.0047 146 1494.0 1001
Ethylene C.H; 0.0275 36.6 310.9 855
Propylene Cylls 0.0200 50.0 160.5 921
Bulylene C,Hg 0.0170 58.8 611.7 1040
Amylene CyHyq 0.0160 62.4 750.6 1201
Acetylene C,H. 0.0250 40.0 301.5 754
Benzene Cgll, 0.0141 70.9 750.6 1053
Toluene L, 0.0127 8.3 892.0 1133
o-Xylene CgHyy 0.01C0 100 1038.9 Y1039
Cycloprapane Cql, 0.0240 41.7 465.7 1116
Cyclohexane Cpllye 0.0133 761 875.6 1165
Methylcyclohexane C;IIy 0.0115 87.0 1017.9 1171 -
Turpentine Cyotlye 0.0080 25 1385.5 1108
Methylalcohal CIL,O 0.0672 148 149.8 1007
Ethylaleohol C,H0 0.0388 30.4 295.9 071
Propylalcahol C,H,0 0.025 39.2 438.3 1118
Isopropylalcohol CLIL,0 0.02¢5 37.7 432.6 1146
Butylalcohol C,H,0 0.0170 568.8 585.8 996
Isobutylaicohol C,H,;,0 0.0168 69.5 535.4 983
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Amylaleohol Ci,0 | 0019 840 730.3 869
Isoamylalcohol Cll,, 0 [ 0.0120 83.2 TG 854
Allyllcohol CII,0 rl 0.0240 41.7 410.6 095
Acelaldehyde GO 0.0397 25.4 257.8 1023
Crotonaldehyde C,H0 0.0212 47.2 510.4 1082
Furfural C,ll,0, 0.0210 47.6 538.4 1131
Paraldchyde Cell 0 | 0.0130 77.0 788.7 1025
Methylethylether Gyl O [ 0,0200 50.0 467.7 922
Dicthylether C,H, 0 0.0185 540 508.8 1108
Divinylether C,H,0 0.0170 58.9 369.7 967
Acetone ClIg0 0,0255 39.3 3485.0 1007
Methylethylketone C,H,0 0.0181 55.0 540.7 78
Methylpropylketone CglL,,0 0.0155 644 632.8 1058
Methylbuthylketone Cgli, O 0.0122 81.9 831.8 1015
Acelicacid GlL,0, 0.0405 24.7 198.3 763
Hydrocyanicacid IICN 0.0560 17.9 154.4 865
Methylformate Gal1,0. 0.0505 19.0 212.0 1071
Ethylformate C;H 0, 0.0275 36.7 2599 %0
Methylacetate CalIg0s 0.0315 31.8 349.4 1101
Ethylacetate C,IL0. 0.0218 45.8 494.7 1078
Propylacetate C,11,,0, 0.0205 48.8 633.0 1298
Isopropylacetate C;1L,40, 0.021 50.0 638.0 1276
Butylacetate Gyl e0s 0.0170 58.9 768.4 1300
Amylacetate CILL 0, 0.0110 91. ¢ 9G8.6 1065
Hydrogen 1. 0.0400 25.0 57.8 231
Carbonmonoxide (%(p] 0.1250 8.0 67.6 845
Ammonia NH, 0.1530 6.45 76.2 1181
Cyanogen C.N. 0.0660 15.8 258.3 1705
Pyridine CgligN 0.0131 5.0 652.1 1180
Ethylnitrate C,11NO, 0.0330 26.6 206.0 1125
Ethylnitrite CLITNO, 0.0301 33.3 306.2 922
Elhyloxide G0 0.0300 33.4 251.0 843
Propyleneaxide C,H,O 0.0200 50.0
Dioxanoxide C 10, 0.0197 50.8 530.8 1063
Diethylperoxide Cyl1,y0n 0.0234 428
Carbondisulfide CS. 0.0125 30.0 246.6 303
Hydrogensulfide 1.5 0.0430 23.2 1225 har
Carbonnxysulfide cO8s 0.1190 8.41 130.5 1563 °
Methylchloride CII4C) 0.0325 12.1 153.7 1263
Vinylchloride C11,CH 0.0400 25.0 a70.9 1084
Ethylchloride Co11,Cl 0.0400 25.0 295.0 1182
Amylchloride Gil1,,Cl 0.0140 71.4 731.9 1025
Dichloroethylene CallCla 0.0970 10.2 224.5 2178
Ethylenedichloride Cal1,Cle 0.0620 16.3 249.9 1549
Propylenedichloride Cyl gLl 0.0340 29.4 396.7 1347
Methylbromide CHTr 0,1350 7.14 173.5 2342
Ethylbromide C.iiBr 0.0875 148 2194 258
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ON EXPLOSIVE REACTIONS OF GASES.

IlI. Theoretical Consideration on Explosive ‘Reactions of Gases.
By Remrer Goto.

(Abstract)

(1) Definition of Explosive Reaction.

From the experimental results reported in the previous papers" is drawn the conclusion
that an explosive reaction induced in the reaction vessel heated at high temperatures is as the
case of spark ignition or an explosive reaction induced by heated metal ribbon, a chemical
process lo satisly the following two conditions:

(1} Condition for starting : Generation of locally concentrated reaction zone (or flame)
— Primary activalion.

{2) Condition for propagation: Propagation of the reaction zone—Secondary activation.

Since the condition for propagation can be regarded as the condition for starting successively
satisfied), these two conditions are energetically identified with each other, but operatively they
must be distinguished : i.e. the energy for the primary activation must be supplied extemally,
while the energy for the secondary activation is selfsupported in the reaction system. The
outbreak of an explosion requires both conditions : but it is readily checked by the lack of
one of them. The author presumed two fundamental postulates as follows:

a) Every reaction zone emitts the emergy (Q with respect to the elementary reaction which
corresponds to the sum of the activation energy ¢ and the reaction leat q. And this energy
can activate the adjacent zone.

b) For the necessary condition for propagation of reaction zone, the energy emitted must
be larger than the energy given for activation.

Lzt n reprasent the number of the elementary reactions in unit volume of the lame front,
then the energy to be evolved due to the reaction and the number of the elementary reactions

nQ

£
coefficient of activation, respectively ; hence the energy to be evolved from the new reaction
be 1@

to be induced with the energy will be represented by n(Q and , where 7 is the efficiency

zone is to

Therefore, the condition for propagation is

or L /Q21 o > (A)

E

For the condition for stariing, representing the pamary activation energy by W and putting
nQ=W in equation (A), we have

1) This journal, 16, 101, (1942); 18, 141 (1942).

6 (1942)
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7-2121 (B)

Thus, the equation (B) denotes hoth conditions for explosion.

(2) Lower concentration limit and reaction heat.
Assuming that the efficiency coefficient 7 is proportional to concentration ¢ in the neigh-

bourthood of lower concentration limit we have
r=kc
where k is a constant.

Hence, in the lower concentration limit ¢,
L o1 o=lg+eN

or

_1_=g._.k_ q+k.
Co £

In the case of the vapours of miscellaneous compounds, the observed values of 1/c, and
q plotted give Fig. 3. The figure shows that there holds a linear relation between 1/c, and
q except the cases of CS, and H.. This suggests approximate equality of ¢ for each com-
pound, and also shows that both carbon disulfide and hydrogen belong to any other group so
far as the activation energy is concerned.

(3 Lower pressure limit.
With respect to the lower pressure’ limit P, which is observed in an explosion, putting
r=kP;,, we have
kP:Q -1
Under concentrations and pressures lower than ¢, and P, respectively, even if the condition
for starting is satisfactory, when the condilion for propagation is lacking, the above equation is
not established ; thus no explosion akes place.

(4) Upper pressure limit.

According to the present author’s considemtion, in the upper pressure limit the reaction
product generated by the surface reaction proceeding slowly checks an abrupt acceleration of
the surface reaction ; thus the primary aclivaiion process may be retarted.  Under the pre-
sumption that the surface reaction velocity -(:1—:: is proportional to the evaporation velocity of
the reaction product and is in inverse proportion to the total pressure, we obtain

_‘li.= kpP-"e=I/RT

dt

where L is the evaporation heat of the reaction product and k is a constant. If the eritical
velocity of the surface reaction necessary to make an eéxplosive reaction break out is regarde:l

ta be consiant the above mentioned P gives the upper pressure limit, namely,
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Po—k'e-LIRT

or

B

This is qualitatively in good agreement wilh the experimental resulis.  Hinshelwood drew the
same conclusion from asseming the deactivation by ternary collision”, but his assumption has
not been supported by evidence.

(5) Lower explosion pressure and temperature.
The efficiency coefficient of secondary activation y may be expressed from a statistical
consideration, thus:
7 =kPe¢/BT

where k is a conslant.
Namely, the condition for explosion is

kPe“:“‘TQ >1

Hence, in the lower pressure. limit Py,
A

This is the relation deduced by Semenoff for heat explosion or chain explosion®,

In short, it is concluded that some important experimental results of explosive reactions of
gases can be satisfactorily expressed in the term of fiame propagation. This is (o be called a
sort of maeroscopic chatn theory, whose characteristics is to take into account a definite direc-
tion of the propagation of reaction zone. Such a characteristics has hitherto been neglected in
the mieroseopic chain theory.

Chemical Insiitule
' Kyoto Imperial University. (July, 29, 1942)

2) Hinshelwood: ¥ Reaction between Hydrogen and Oxypen,” Oxford, (1934).
3) Semenoff: “Chemical Kinetics and Chatn Reactions,” Oxford, (1935).



