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Foreword 

The publication of International Critical Tables in 1926 provided the world with a 

comprehensive and critical selection of the then existing scientific data. Scientists 

of many nations cooperated in its compilation. Since then, the immense growth and 

refinement of scientific data have made much of it obsolete and incomplete, but its 

revision would be an enterprise even more tremendous than the original collection. 

A cooperative effort has therefore been established among the National Research 

Council, the International Union of Pure and Applied Chemistry, the International 

Union of Pure and Applied Physics, the National Bureau of Standards, and other 

interested institutions to compile separate critical tables of data in selected fields. 

The selection is governed by the apparent need in particular fields and the availability 

of experts thoroughly familiar with the subjects to undertake the work. 

The tables presented in this volume represent one of these cooperative efforts 

sponsored by the National Bureau of Standards, the Committee on Tables of Constants 

of the National Research Council, and Princeton University. 

E. U. Condon, Director. 

National Bureau of Standards 

MAY 1 0 1954 
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Homogeneous Reaction Kinetics 

SUBJECT INDEX 

loo REARRANGEMENT - ISOMERIZATION 

100 ORTHO-PARA CONVERSION T^'e of Tab|e 

(number of pages) 

Table 

numb e r 

110 

120 

130 

140 

150 

Ortho-para conversion (gas) (4) 

" " " (liquid) (4) 

« " " (solid) (i) 

RACEMIZATION 

111 Racemization (gas) 

Racemization; organic halogen compounds 

112 Racemization (liquid) 

Racemization; C,H,0 compounds (5) 

" ; organic halogen compounds 

CIS-TRANS ISOMERIZATION 

121 Cis-trans isomerization (gas) 

Cis-trans Isomerization; C,H,0 compounds (2) 121.440 
It ft It C, H,N " (1) 121.460 
ft II n organic halogen 

compounds (i) 121.470 

122 Cis-trans isomerization (liquid) 

Cis-trans Isomerization; C,H,0 compounds (2) 122.440 

" » » organic halogen " (1) 122.470 

SYN-ANTI ISOMERIZATION 

132 Syn-anti isomerization (liquid) 

Syn-anti Isomerization; C,H,0,N 

compounds, aromatic (l) 132.462 

101.000 

102.000 

103.000 

(1) 111.470 

112.440 

(2) 112.470 

BRANCHING ISOMERIZATION 

Branching Isomerization; hydrocarbons (2) 142.400 

ATOM (°r GROUP) MIGRATION 

Hydrogen migration (1) 162.440 

Alkenyl group migration on aliphatic C (2) 162.441 

" " " on allcycllc ring (1) 162.443 

OH group migration (4) 162.461 

H substitution by NH2 from side chain (3) 162.662 

National Bureau of Standards - National Research Council May, 1950 
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Homogeneous Reaction Kinetics 2 

15 0 

SUBJECT INDEX (continued) 

ATOM (°r GROUP) MIGRATION mle of Table 

(continued) (number of pages) 

160 

170 

180 

H substitution by halogen from NX 
group in ring (2) 

POSITION EXCHANGE 

Beckmann rearrangement (3) 

RING CLOSURE 

RING OPENING 

Double bond to closed ring (2) 
Ring-closing ionization (l) 

Ring opening to double bond (l) 

2oo CONDENSATION-SOLVOLYSIS 

200 ESTERIFICATION 

201 

202 

Esterification (gas) 

Aliphatic acid anhydride + Alcohol 

Esterification (liquid) 

Aliphatic carboxylic acid + Alcohol 
Aromatic " ” + n 
Aliphatic alcohol + Hydrohallc acid 

» polyalcohol + ” " 

(i) 

(19) 

(8) 

(5) 
(1) 

210 ESTER SOLVOLYSIS 

212 Ester Solvolysis (liquid) 

Aliphatic carboxylic acid + Alcohol (is) 
Aromatic " " + " (n) 
Aliphatic " " + Phenol (f) 

" + Polyalcohol (2) 
polyacid + Alcohol (2) 

Alkyl arylsulfonate (l) 
Phenyl sulfate (2) 
Aliphatic alcohol + Hydrohallc acid (39) 
Aryl halide (1) 
Alkyl halide + Phenolate (4) 
Mercaptyl carboxylate (1) 

220 ESTER EXCHANGE 

222 Ester Exchange (liquid) 

Aliphatic alcohol + Alkyl carboxylate (1) 

" » + Phenyl " (3) 

National Bureau of Standards - National Research Council 

Table 

number 

152.752 

162.455 

172.441 
172.476 

181.441 

201.441 

202.441 
202.442 
202.471 
202.495 

212.441 
212.442 
212.443 
212.445 
212.447 

212.461 
212.463 
212.471 
212.473 
212.478 
212.641 

222.441 

222.443 

May, 1950 
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Homogeneous Reaction Kinetics 3 

SUBJECT INDEX (continued) 

220 ESTER EXCHANGE Title of Table 

(continued) (number of pages) 

Alkyl halide + Carboxylic acid (3) 

Alkyl carboxylate + Hydrohallc acid (2) 

230 CONDENSATION 

232 Condensation (liquid) 

Aromatic aldehyde + Ketone (l) 

C:N bond formation (io) 

Aliphatic alcohol + Alkyl halide (4) 

Phenol + " " (2) 

240 NONESTER SOLVOLYSIS 

2d2 Nonester Solvolysis (liquid) 

Ether (2) 

Acetal (3) 

Acid anhydride (2) 

C:N bond (2) 

C0-NH2 bond (Acylamlde) (7) 

C:N band (13) 

C:N2 bond (9) 

C:N2 bond + aromatic carboxylic acid (2) 

Aromatic acyl halide (9) 

CN halide (1) 

250 V th GROUP BOND SOLVOLYSIS 

P - 0 bond (1) 

3oo EXCHANGE - SUBSTITUTION 

300 ISOTOPIC EXCHANGE 

302 Isotopic exchange (liquid) 

H-D exchange on aliphatic C (3) 

« " " aromatic C (2) 

Oxygen Isotope exchange (1) 

Halogen Isotope exchange (6) 

310 HYDROGEN SUBSTITUTION 

311 Hydrogen Substitution (gas) 

H - S exchange on aliphatic C (1) 

Hydrogen-Halogen-Hydrogen halide exchange 

312 Hydrogen Substitution (liquid) 

Nitration of aromatic compounds (5) 

Sulfonatlon of " " (1) 

Halogenatlon on aliphatic C (17) 

National Bureau of Standardr - National Research Council 

Table 

numb e r 

222.471 
222.741 

232.446 
232.461 
232.471 
232.472 

242.441 
242.442 
242.443 
242.461 
242.452 
242.453 
242.456 
242.456 
242.472 
242.570 

252.660 

302.401 
302.402 
302.461 
302.477 

311.460 
311.700 

312.452 
312.462 
312.471 

May, 1950 
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310 

SUBJECT INDEX (continued) 

HYDROGEN SUBSTITUTION 

(continued) (number of pages) 

Halogenation on aromatic C (31) 

330 EXCHANGE OF SUBSTITUENTS 

332 Exchange of Substituents (liquid) 

NO" for halogen on aliphatic C (1) 
Halogen for NOj " " " (5) 

II 11 nh2 (nr2) on " " (3) 
n ii II It 11 aromatic C (2) 
it 11 s or 

2 3 
11 aliphatic C (6) 

11 it halogen 11 n it (9) 
if 11 11 n arcmatlc " (1) 
n H perhalate Ion (1) 

350 EXCHANGE ON V th GROUP ELEMENT 

Halogen for H in CN halide (1) 
" " NH(NR.) in CN halide (1) 

2 2 

380 COORDINATIVE EXCHANGE 

Halogen for H20 in VIII th group complex (1) 

^00 ELIMINATION 

400 PROTON ELIMINATION 

H+ from C - N bond (5) 

420 BOND-UNSATURATION ELIMINATION 

Hydrogen halide from C - C bond (9) 
« " " C - N bond (3) 

Halogen molecule by halide ion (3) 

430 RING - CLOSURE ELIMINATION 

Hydrogen halide from halohydrln (3) 

450 ELIMINATION FROM V th GROUP ELEMENT 

Hydrogen halide from quaternary base (3) 

460 ELIMINATION FROM FUNCTIONAL GROUP 

C02 frcm aliphatic COOH (1) 

5oo DISSOCIATION - DECOMPOSITION 

500 DISSOCIATION OF ASSOCIATED MOLECULES 

Nitrogen oxides (1) 

National Bureau of Standards - National Research Council 

Table 

number 

312.472 

332.571 
332.751 
332.755 
332.756 
332.761 
332.771 
332.772 
332.776 

352.470 
352.475 

382.890 

402.450 

422.471 
422.475 
422.477 

432.471 

452.471 

462.441 

501.562 

May, 1950 
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510 

520 

540 

560 

National Bureau of Standards - 

5 

SUBJECT INDEX (continued) 

MOLECULAR * COMPOUND DISSOCIATION Title of Table 

(number of pages) number 

511 MQlecular-ccmposed Dissociation (gas) 

Dlcarboxylate to Anhydride + Aldehyde (9) 611.443 

512 Molecular-composed Dissociation (liquid) 

Aldehyde hydrate (i) 612.410 

Cyanohydrin (l) 612.416 

Diacetone alcohol (9) 512.441 

BOND"UNSATURATION DECOMPOSITION 

521 Bond-unsaturation Decomposition (gas) 

Loss of hydrogen halide (2) 621.471 

" 11 halogen molecule (2) 521.477 

522 Bcnd-mnsaturation Decomposition (liquid) 

Dehydration of organic compound (2) 522.442 

Deamination " " " (i) 622.451 

Desulfonatlon of " " (l) 522.461 

REDUCTIVE DECOMPOSITION 

5U1 Reductive Decomposition (gas) 

Hydrogen peroxide (3) 541.160 

Carbon oxyhalldes (l) 541.470 

Nitrogen oxides (6) 541.560 

Ozone (2) 541.660 

Halogen oxides (l) 541.760 

5d2 Reductive Decomposition (liquid) 

Nitrogen oxides (2) 542.660 

Nitramlde (5) 542.561 

Ozone (3) 542.660 

DECOMPOSITION OF FUNCTIONAL GROUP 

561 Decomposition of functional group (gas) 

N? evolution from azo compound (l) 561.451 

562 Decomposition of functional group (liquid) 

CO evolution from COOH (5) 662.441 

C0g " from aliphatic mono-COOH (9) 562.445 

« * " « di-COOH (7) 662.446 

” ” ” arcmatlc COOH (3) 562.447 

N2 m " dlazonlum halide (3) 562.457 

National Research Council May, 1950 
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Homogeneous Reaction Kinetics 6 

SUBJECT INDEX (continued) 

PYROLYSIS Title of Table Table 

(number of pages) number 

571 Pyrolysis (gas) 

Alphatlc hydrocarbons (11) 571.411 

Aromatic » (1) 571.412 

Allcycllc " (1) 571.413 

Aliphatic C,H,0 compounds (15) 571.441 

Aromatic " II (2) 571.442 

Heterocyclic » II (1) 571.444 

Aliphatic c,H,N ft (5) 571.451 

Aromatic nltro II (1) 571.456 

Aliphatic halogen If (1) 571.471 

580 RING-OPENING DECOMPOSITION 

Allcycllc ring to unsaturated compounds(1) 581.441 

6oo ASSOCIATION - ADDITION 

610 

620 

630 

340 

MOLECULAR ASSOCIATION 

6U Molecular association (gas) 

Aldehyde + Anhydride — Dlcarboxylate (i) 611.445 

612 Molecular association (liquid) 

Aldehyde hydration (l) 612.410 
HCN ter carbonyl (l) 612.415 

BOND SATURATION 

621 Bond Saturation (gas) 

Hydrogenation of multiple bond (2) 621.411 
Hydrogen halide to double bond (2) 621.471 
Halogen molecule to n 11 (i) 621.477 

Bond Saturation (liquid) 

HO to C:C bond (2) 622.442 
H 0 to C:C bond (i) 622.443 

H+ to C:N » (i) 622.450 
Hydrogen halide to multiple bond (i) 622.471 
Halogen molecule to 11 n (30) 622.477 

RING-OPENING ADDITION 

Ring opening by addition of OH- (2) 

OXIDATIVE ADDITION 

CO + Halogen (1) 
N oxide + oxygen (2) 
N oxide + Halogen (2) 

632.441 

641.470 
641.560 
641.570 

National Bureau of Standards - National Research Council May, 1950 
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650 

SUBJECT INDEX (continued,) 

QUATERNARY BASE FORMATION 

651 

652 

Title of Table 

(number of pages) 

Quaternary base formation (gas) 

Alkyl halide + Aliphatic amine (i) 

Quaternary base formation (liquid) 

Aliphatic acid ester + Amine (l) 
Aromatic » « + » (l) 
Alkyl halide + Aliphatic amine (5) 

» » + Aromatic » (9) 
Aromatic « + « « (1) 

" acyl halide + Aromatic amine (2) 
Alkyl halide + Heterocyclic amine (9) 

660 FUNCTIONAL GROUP ADDITION 

SO to aromatic hydrocarbon 
3 

(2) 

680 RING - CLOSURE ASSOCIATION 

681 Ring-closure association (gas) 

Unsaturated compounds to allcycllc 
ring (2) 

682 Ring-closure association(liquid) 

Uhsaturated compounds to allcycllc 
ring (1) 

700 OXIDATION - REDUCTION 

Reactions are formulated with the reductant written first, 

the oxidant second. 

OXIDATION - REDUCTION DISMUTAT ION 

VI th group elements (2) 
VII th 11 it (8) 

710 

Table 

number 

651.471 

652.441 
652.442 
652.471 
652.472 
652.474 
652.476 
652.477 

662.462 

681.441 

682.441 

712.660 
712.770 

720 OXIDATION-REDUCTION, Compounds (ions) of the same element 

V th group elements (1) 722.550 
VI th " " (1) 722.660 
VII th 11 " (6) 722.770 

730 OXIDATION-REDUCTION, Compounds (ions) of different elements 

H 2 0 
0 

+ VII th group element (2) 732.071 
1 st group + VI th group element (i) 732.160 
IV ' th II + VIII th 11 tl (i) 732.480 
V th N + 0 p II 11 (i) 732.500 
V th fl + I st 11 11 (2) 732.510 
V th II + II nd 11 If (2) 732.520 
V th 11 + V th II n (1) 732.550 
V th II + VI th II if (1) 732.560 

National Bureau of Standards - National Research Council May, 1950 
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730 

740 

National Bureau 

SUBJECT INDEX (continued) 

OXIDATION-REDUCTION, (continued) Title of T ab 1 e Table 

Compounds (ions) of different elements 
(number of pages) n umb er 

V th group + VII th group element(6) 732.570 

V th " + VIII th ft M (1) 732.580 

VI th » + VI th If ft (1) 732.660 

VI th » + VII th fl ft (2) 732.670 

VII th " + H 0 
2 2 

(5) 732.701 

VII th » + 0 g (1) 732.703 

VII th « + V th group element (1) 732.750 

VII th « + VIth « II (2) 732.760 

VII th » + VII th " If (2) 732.770 

VII th " + VIII th » It (2) 732.780 

VIII th » + VI th » fl (1) 732.860 

VIII th » + VII th » II (2) 732.870 

OXIDATION-REDUCTION, Organic + Inorganic c ompound 

Organic compound + 0 (2) 742.403 

Aliphatic " + VI th group element 

(2) 742.461 
Aliphatic compound + VII th 

group element (5) 742.471 

of Standards - National Research Council May, 1950 
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Homogeneous Reaction Kinetics 

ALPHABETICAL INDEX 

The first two digits Indicate the corresponding section. For the tables 

included under the section (designated by numbers beginning with these two 

digits), consult the Table of Contents. 

Addition of functional group . 660 

to multiple bond.620 

oxidative.640 

ring - opening.630 

Alcoholysis, see Solvolysis 

Associated molecules dissociation . 500 

Association molecular.610 

ring - closing.680 

Atom migration  150 

Beckmann rearrangement .  160 

Bond saturation  620 

Bond - unsaturation decomposition . 520 

elimination.420 

Branching isomerization .140 

Cls-trans isomerization .120 

Condensation ester . 200 

nonester.230 

Coordlnative exchange  380 

Decomposition bond - unsaturatlng.  520 

of functional group.  560 

pyrolytic.570 

reductive.540 

ring - opening.580 

Dismutation oxidative - reductive . 710 

Dissociation of associated molecules .... . 500 

of molecular compounds ..510 

Double bond shift        150 

Elimination bond - unsaturatlng ........... 420 

on fifth - group element ......... 450 

of functional group ........... 460 

of proton ................ 400 

ring - closing ..  430 

Ester exchange.  220 

solvolysis ................ 210 

Esterification       200 

National Bureau of Standards t National Research Council May, 1950 
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ALPHABETICAL INDEX (continued) 

Exchange coordinative.38O 

ester.22O 

on fifth - group element.350 

of hydrogen.310 

Isotopic.300 

of position.16O 

of substituents ..330 

Functional groip addition.  660 

decomposition . 560 

elimination.460 

exchange ..  330 

Group migration .150 

Hydrogen exchange. 310 

migration.150 

substitution.   310 

Hydrolysis, see Solvolysis 

isomerization Beckmann.16O 

branching.. •.140 

els - trans.120 

double bond shift.150 

migration.150 

racemlzatlon.   no 
ring - closing . ..170 

ring - opening ... . . . 180 

syn - anti.130 

isotope exchange .300 

Migration atom or group ......... . 150 

Molecular association ......... . 610 

Molecular - compound dissociation ..  510 

Nonester condensation.  230 

Solvolysis .... . ....... 240 

Ortho - para conversion ........... . ...... 100 

Oxidation - reduction dismutatlon ............... 710 

of compounds of different elements .... 730 

of compounds of the same element ..... 720 

of organic compounds ........... 740 

Oxidative addition ............. . ... 640 

Position exchange ..................... *60 

Pyrolysis ............. . ... 570 

Quaternary base elimination from ..450 

formation. ..  650 

National Bureau of Standards - National Research Council Mai) 1950 
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ALPHABETICAL INDEX (continuedj 

Racemlzatlon .HO 

Rearrangement, see isomerization 

Reduction, see Oxidation - reduction 

Reductive decomposition . 540 

Ring - closing association.680 

decomposition . 580 

Isomerization . 170 

Ring - opening addition.630 

decomposition . 58O 

Isomerization . iso 

Saturation, see Bond saturation 

Shift of double bond.150 

Solvolysis, ester . 210 

on rirth - group element.250 

nonester.240 

Substituent exchange . 330 

Substitution or hydrogen . 310 

Syn - anti Isomerization.130 

unsaturation, see Bond unsaturation 

Nationai Bureau of Standards - National Research Council May, I95O 
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Code abbreviations 

Abbrevia t ion 

ACJ 

ACS 

APB 

BCB 

BCF 

BDC 

CIL 

CJR 

CRA 

CRV 

CSL 

DAR 

GCI 

HCA 

SPA 

I EC 

JCC 

JCP 

JOC 

JPC 

JPR 

JPS 

MS C 

PRS 

RTC 

IFS 

ZAC 

ZEC 

ZPC 

ZhFKh 

ZhOKh 

ZhPKh 

National Bureau of Standards - 

LITERATURE REFERENCES 

for the most frequently ouoted Periodicals 

Title 

Amer. Chem. Journal 
j. Amer. chem. Roc. 
Acta physlcochim. USSR 

Bull. Soc. chlm. Belg. 
Bull. Soc. chlm. France 
Ber. Deutche Chem. Ges. 

J. Soc. chem. Ind. London 
Canadian J. Res. 
Compt. rend. Acad. Sci. Paris 
Chem. Reviews 
j. Chem. Soc. London 

Doklady Akad. Nauk SSSR 

Gazz. chlm. Ital. 

Helv. chlm. Acta 
Helv. phys. Acta 

Indust. Engln. Chem. 

j. chlm. phys. et coll. 
J. Chem. Phys. 
J. Org. Chem. 
j. Phys. Chem. 
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j. Polymer, sci. 

Monatshefte f. Chemle 

proc. Roy. Soc. 

Rec. trav. chlm. Pays Bas 

Trans. Faraday Soc. 

zeltschr. anorg. allg. Chem. 
Zeitschr. f. Elektrochem. 
Zeltschr. f. physik. Chem. 

Zhur. flzlcheskoi Khim. 

Zhur. obshchei Khim. 
Zhur. prlklad. Khim. 
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TABLES OF NUMERICAL DATA 

o f 

HOMOGENEOUS CHEMICAL REACTION 

KINETICS 

INTRODUCTION 

The purpose of these Tables Is a critically evaluated compilation of the available 

factual numerical data on rates and rate constants of homogeneous chemical reactions. Stress 

was laid throughout on experimentally ascertained facts; data largely contingent on Interpre¬ 

tations have generally not been Included. 

Reaction equations are written In the simplest possible way, on the sole basis of 

the observed overall chemical change. The products are specified for each reaction, unless 

all reactions of a table are of a common type; In that case, the Reaction Type Is stated once 

and for all at the head of the table, and the products, being unequivocally obvious from the 

type of the reaction, are not repeated. Whenever a reaction gives rise to a variety of 

products In no simple stoichiometric relation to the reactants, as Is the case especially In 

many gaseous reactions, the products are separated by commas. 

Symbols for Reactants and Products. By convention, and for the purpose of formula¬ 

tion of the rate laws, reactants and products are designated by Roman-type capital letters 

A + R + c.... —► L+M+N...., in the order In which they are written down In the reaction 

equation. As an example, In the reaction written CH COOC H + OH- —► CH COO- + C H OH, A 
3 6 0 3 * 5 

stands for CHoC00C H , B for OH-, L for CH„COO-, M for CH OH. 
3 3 5 3 c o 

Units of amount. The unit of "amount11 (concentration, pressure), In which the 

rates and rate constants are expressed, unless expressly given for each Individual reaction, 

Is stated at the head of each table. Generally, that unit Is the concentration unit M/1 

(moles per liter); data originally expressed In other units have been mostly converted to 

National Bureau of Standards - National Research Council May, 1950 
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Homogeneous Reaction Kinetics - Introduction 2 

M/1. It Is known, of course, that for first-order rate constants the unit of concentration Is 

Immaterial, if rate and mass-action are In the same unit. 

Units of time and rate. Throughout these tables, the unit of tine is the second, 

and rates are understood to be expressed In the stated "unit of amount1' (mostly M/1) per 

second. Original data using units of time other than the second have been systematically 

converted to seconds. The greatest possible care was exercised to gain complete certainty 

about the time and rate units Involved In the original data. Authors are all too often 

neglectfully reticent or even confusing on that point, and the process of ascertaining the 

units has often been laborious. 

Base of logarithms. The Integrated forms of the rate laws generally Involve natural 

logarithms, and the correct value of the rate constant k Is that calculated from the Integrated 

equation with natural logarithms. Practically, numerical calculations are mostly made with 

the use of decimal logarithms, which amounts to a division of the true k by In 10, and 

necessitates remultlpllcatlon by that factor. In all too many instances, this simple opera¬ 

tion Is either omitted, or, worse yet, there Is no hint or clue as to whether It has or has 

not been carried out, with a resulting uncertainty In k by a factor of 2.303. It has been our 

strenuous endeavor to make sure. In each doubtful case, often at the cost of laborious search, 

of the kind of logarithm actually meant In the original. All k In these Tables are the true k, 

l.e. based on natural logarithms. The necessary conversions have been made wherever they were 

called for. 

Uniformity of units. These recalculations have resulted in a tabulation of data In 

uniform units throughout these Tables, rates per second, rate constants calculated with natural 

logarithms. In many Instances, rate constants, not included In the original publication, have 

been calculated In these units, from the experimental data material; the gain, In terms of 

ready comparison of data from different sources, and of Intercommunication, Is obvious. 

Rate measured. The expression "rate of the reaction" Is not necessarily unambiguous. 

It may make a difference whether the "rate" meant Is that of the disappearance of a reactant 

or of the formation of a product, and It often does make4a difference which reactant or which 

National Bureau of Standards - National Research Council May, 1950 
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Homogeneous Reaction Kinetics - Introduction 3 

product Is meant. There are Instances where authors speak loosely of a "rate of the reaction" 

vtfiere a precision about the exact rate referred to would he essential. It has been our 

endeavor, throughout these Tables, to leave no doubt on that point, and to state the exact 

nature of the change referred to by the "rate" wherever there might be an ambiguity. In 

particular, in gaseous reactions giving rise to a variety of products, it is always essential 

to state whether the rate is that of the disappearance of a given reactant, of the formation 

of a product (and of which), or, as is often the case, merely of a change of pressure which 

often stands in no known relation to the rate of formation of a definite product. Similarly, 

In the case of a reactant undergoing parallel transformations in different directions, it is 

essential to state whether the rate refers to the total consumption of the reactant or to one 

or two specific reactions. The necessary statements are given either for separate reactions 

or, whenever they apply to a whole group of reactions of common type, at the head of the table. 

They are omitted wherever there can be no ambiguity. 

Defined mess-action law. Empirical rate laws are tabulated in their differential 

form, the left-hand member of the equation (written down only if necessary to avoid ambiguity) 

being understood to be the momentary rate measured, in the stated unit of amount per second, 

and the right-hand member the mass-action law in the form of an algebraic function 

k /(A, B,...L, M,...X) where A, B... are the momentary amounts of the reactants, L, M.... 

those of the products, Xthe amount of a catalytically active homogeneous catalyst or inhibitor, 

if any. Integrated rate equations, being merely a matter of mathematical technique, are not 

tabulated. Wherever necessary, the dl fferentlal rate law was reconstituted from the Integrated 

equation. 

The "defined mass-action law" Is given primarily as a definition of the rate constants 

k the values of which are listed in the tables. It Is not necessarily, and often quite 

certainly Is not, the "rate law" of the reaction. It could be a matter of choice; the 

rate of an actually overall second-order reaction, first-order In reactant A, and first-order 

in reactant B, normally to be represented by a mass-action function k AB, can be described by 
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a first-order function k' A on the understanding that [b] Is Included In k' which, of course, 

will then vary with [b] , unless, as Is often the case, [b] Is Kept constant throughout the 

Investigation. If the rate constant of a reaction between A and B Is defined by a first-order 

mass-action function k' A, It means, generally, that the order of the mass-action of B Is left 

open. In Instances where the experimental material warranted It, we ha/e often derived a more 

explicit "defined mass-action law" than that used by the original author, and recalculated k 

accordingly. In all cases, however, greatest care was taken to establish a clearcut corres¬ 

pondence between the definition of the k by the "defined mass-action law" and its tabulated 

numerical values. Unless otherwise stated, the defined k Is understood to be constant over 

the reaction, and to reflect Its order under the given conditions. 

Temperature. All temperatures are In degrees Celsius (centigrade). Temperatures 

originally expressed on other scales have been converted to tfC. 

Rate constants as defined under "defined mass-action law", are given In the form 

k= k° x ion, with the values of k° and n tabulated In adjacent columns, opposite the tempera¬ 

ture to which they refer. The symbol k° Is the value of k in the order-of-magnltude unit 10n, 

and must not be confused with any standard-state value. 

Activation energies E, always In kcal/mole, are given with one digit at most after 

the decimal point. 

Frequency factors A, defined by the Arrhenius equation k- Ae~E^RT, are given In 

the same form as k, namely A = A° x ion , with A0 and n tabulated In adjacent columns. A Is 

of the same dimension and In the same units as k. 

Activation heats, A H& (kcal/mole), and Activation entropies, A S& (cal/mole/degree 

°C), are given occasionally under these headings. 

Bnpirical rates, In the stated units of amount per second, especially Initial rates 

under fixed conditions, are reproduced occasionally as possibly useful factual numerical data 

where no mass-action law and no rate constant defined by a mass-action law can be derived from 
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the available data. 

By the same token. Fractional times, l.e. the time In seconds necessary for the 

completion of the stated fraction of the full conversion, have been tabulated occasionally, as 

empirical numerical material. The fraction of .completion Is stated In bold-face type, Inpar¬ 

entheses. However, In all Instances where a rate law could be Inferred from the data, rate 

constants k, defined by that mass-action law, have been calculated and tabulated In preference 

to fractional times. 

Initial concentrations. The range of amounts of reactants and products In which 

the rates and rate constants have been established Is extremely Important. A rate law may 

hold In one range but be utterly Invalid In a different range. A statement of the Initial, 

range Is Included, under the heading "Mount of reactant," Wherever that Information Is 

available. Reactants and products are referred to, as usual, by A, B..., L, M... . It Is 

Immediately obvious that the merits of the "defined mass-action law" and the strength of Its 

claim to the dignity of a rate law, are largely dependent on the breadth of the concentration 

range In Which the mass-action law was found to hold. It will be noted that not infrequently 

rates and rate constants have been determined only for one definite composition of the 

reactant mixture. Listing of data of k implies, of course, that k is satisfactorily constant 

throughout the reaction (except as qualified In the Comments), l.e. the given mass-action law 

renders the order of the reaction with the stated initial amounts. 

Addend (Catalyst). Addends, other than the explicit participants A, B...., L, M. 

are listed under that heading, with, their amounts or ranges of amounts In the adjacent 

column. If the addend has a catalytic effect, Its concentration is either Implicitly contained 

In k, or explicitly In the mass-action function. The "defined mass-action law" is always so 

formulated that there can be no doubt on that point. 

Solvent (Medium). In the case of liquid-phase reactions In solution, the solvent Is 

stated in the column. Immediately following the Reaction equation. If the "solvent" Is identical 
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with one of the reactants, It Is designated by the corresponding Capital-letter symbol. Com¬ 

posite solvents are frequently coded, e. g. Et 85 for C2H60H 85 vol %+ H20 15 %; explanation 

of the code designations will be found at the end of the table. 

Agreeing and conflicting data. Reduction of the reaction equations to their simplest 

empirical form, expression of the mass-action functions In the most plausible form, and uniform 

expression of the rate constants k In standard units, have necessitated and permitted frequent 

cross-checks and comparisons of data from different sources. Very closely agreeing data have been 

averaged and are underlined In the Tables. Less closely concordant data, pertaining to overlapping 

conditions, unless there were reasonable grounds for a selection, have often been left side by 

side, the range of the variation being useful as a yardstick of the reproducibility of the rate 

of the reaction. Good agreement of data Identically defined but determined Indifferent ranges, 

adds greatly to the validity of the mass-action function as a true rate law. In the rarer 

Instances of outright Irreconcilable conflict, a motivated choice could mostly be made of 

the more reliable data; the editors do not, however, claim to be Infallible, and will be 

receptive of criticisms. The degree of agreement or conflict of data from different sources 

Is obvious from the tables, and Is furthermore expressly stressed In the Comments placed at 

the end of the table. 

Rate laws. The editors have knowingly refrained from committing themselves on the 

essentially controversial question of the true rate law of a reaction. The evaluation of the 

validity of a mass-action function as a rate law must be left to the Judgment of the users of 

these Tables. The factual data given In these Tables, In particular the ranges of applicability 

of the "defined mass-action law", the degree of constancy or variation of fe, Its reproducibility 

as reflected by the agreement of data from different sources, are Important elements in this 

evaluation. Further elements, such as systematic trends of k with the progress of the reaction 

l.e. as a function of the extent of the conversion, or the degree of homogeneity or partial 

heterogeneity of a gas-phase reaction, will be found In the Comments. It will be noted that, 

for a great number of extensively studied fundamentally Important gaseous reactions, only 

initial rates and Initial rate constants are available, and that reaction-rate orders Inferred 

from variations of Initial conditions, l.e. from one run to another, need not hold over the 
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course of the reaction In one single run, partly on account of the yet insufficiently 

explored mixed homogeneous-heterogeneous and nonstationary character of these reactions. On 

many reactions, bhe scarcity of available numerical data, and their limitations, often contrast¬ 

ing with the imposing amount of existing brilliant even though maybe premature speculation, will 

be found disappointing. The Tables cannot, in this field, but tacitly dramatize the scantiness 

of our present factual knowledge. 

Supplementary tables, placed after the main table, give additional useful numerical 

information which could not be fitted into the pattern of the table. The selection of topics 

was, of necessity, arbitrary. Secondary effects, in particular the great variety of salt 

effects, etc., especially if Investigated for purposes outside the field of Kinetics, could not 

be Included, but references thereto are generally given. 

Comments at the end of the table cover, In a terse style, a variety of additional 

items of information both on the table as a whole and on particular reactions, including 

pertinent elements of evaluation. Reactions commented upon are marked in the table with an 

asterisk *. 

Literature lists of references used or at least mentioned In Comments are placed at 

the very end of each table. References are arranged In the alphabetical order of the names of 

first authors, and are numbered in small type, e. g. (12). The sources of the data tabulated in 

the table are designated by these literature references numbers. Literature references examined 

but neither used nor mentioned are not included. 

Order within the table. Reactions are arranged andnumbered, without strict adherence 

to any ironclad system, in the usual order of increasing complexity of the key reactant, thus, 

in the case of organic compounds, in the order of increasing numbers of C atoms, branched isomers 

placed after the normal-chain Isomers; not developed organic-compound formulas, e.g. C6H1;L0H, 

always mean the normal compound. Substituted derivatives are arranged in an order corresponding 

to that of the periodic system, e.g. alkyl-substituted, nitro-substituted, sulfo-substltuted, 

halogen-substituted; the latter in the order F, Cl, Br, I. Longer tables are often subdivided, 

and the subdivisions are listed in the Comments of the table. 
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Pattern of the tables. The patterns of columns and headings vary somewhat from one 

table to another, depending on their contents. Where the width of a column was Insufficient, 

and space was available In adjacent columns, free neighboring space was borrowed and the 

encroachment clearly marked by horizontal lines enclosing the extraneous parts. 

Errors and omissions are unavoidable In Tables. The loose-leaf form has been chosen 

In view of the ease of subsequent revisions of Individual sheets, Including deletions, replace¬ 

ments, and additions. We shall welcome criticisms and communications pointing out errors and 

gaps. 

Acknowledgments. The editor and his associates gratefully acknowledge the Interest 

and help of the National Bureau of Standards, of the Coirmlttee on Tables of Constants, National 

Research Council, of Princeton University, and of the correspondents and authors to whom we 

have had many an occasion to turn for advice. 

Editor 
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