
有人說︰

天下『一切』事情，都不過是個『分類』。

『有人』就『有事』，天下何得『无事』？天下能得『無人』乎？

有人想︰

酸葡萄『沒有』想『要』，甜檸檬『有』卻想『不要』；

都是一種『心理』。

有人分︰

有所謂『好』與『壞』？分別著『對』或『錯』，

『是』其所『非』，『非』其所『是』。

有人問︰

『蜜蜂』為何不見了？

只因『益』和『害』！！
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───《『蜜蜂』為何不見了？》

即便講︰識物辨名始於分門別類。重要的還是門類之界定性徵。若從完備無餘來看

變換形式，僅止於平面上的縮放、旋轉、平移爾，實未得仿射變換之全也。

────《GOPIGO 小汽車︰格點圖像算術《投影幾何》【五‧線性代數】《導引八》觀察

者《變換‧B 》》

『自然』不說話，『原理』如天書！天書本『無字』，辨名識物『科學』生？

莫問『軟體』為何沒『手冊』？？







引君『好奇』自查明！！

Eyring equation

The Eyring equation (occasionally also known as Eyring–Polanyi equation) is an equation used

in chemical kinetics to describe the variance of the rate of a chemical reaction with

temperature. It was developed almost simultaneously in 1935 by Henry Eyring,Meredith

Gwynne Evans and Michael Polanyi. This equation follows from the transition state theory

(a.k.a. activated-complex theory) and (if one assumes constant enthalpy of activation and

constant entropy of activation) is similar to the empirical Arrhenius equation, although the

Arrhenius equation is empirical, and the Eyring equation has a statistical mechanical

justi�cation.

General form
The general form of the Eyring–Polanyi equation somewhat resembles the Arrhenius

equation:

where ΔG  is the Gibbs energy of activation, κ is the transmission coef�cient, k  is

Boltzmann’s constant, and h is Planck’s constant. The transmission coef�cient is often assumed

to be equal to one as it re�ects what fraction of the �ux through the transition state proceeds

to the product without recrossing the transition state, so a transmission coef�cient equal to

one means that the fundamental no-recrossing assumption of transition state theory holds

perfectly.

It can be rewritten as:

One can put this equation in the following form:

‡
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where:

= reaction rate constant

= absolute temperature

= enthalpy of activation

= gas constant

= Boltzmann constant

= Planck’s constant

= entropy of activation

If one assumes constant enthalpy of activation, constant entropy of activation, and constant

transmission coef�cient, this equation can be used as follows: A certain chemical reaction is

performed at different temperatures and the reaction rate is determined. The plot of 

versus gives a straight line with slope from which the enthalpy of activation

can be derived and with intercept from which the entropy of activation

is derived.

Accuracy
Transition state theory requires a value of the transmission coef�cient, called in that theory.

This value is often taken to be unity (i.e., the species passing through the transition state 

always proceed directly to products and never revert to reactants and ). To avoid

specifying a value of , the rate constant can be compared to the value of the rate constant at

some �xed reference temperature (i.e., ) which eliminates the factor in the

resulting expression if one assumes that the transmission coef�cient is independent of

temperature.

倘心已發願知『級數』︰

Rate equation



The rate law or rate equation for a chemical reaction is an equation that links the reaction rate

with the concentrations or pressures of the reactants and constant parameters (normally rate

coef�cients and partial reaction orders).  For many reactions the rate is given by a power law

such as

where [A] and [B] express the concentration of the species A and B (usually in moles per liter

(molarity, M)). The exponents x and y are the partial orders of reaction for A and B and the overall

reaction order is the sum of the exponents. These are often positive integers, but they may also

be zero, fractional, or negative. The constant k is the reaction rate constant or rate coef�cient of

the reaction and has units of 1/time. Its value may depend on conditions such as temperature,

ionic strength, surface area of an adsorbent, or light irradiation.

Elementary (single-step) reactions have reaction orders equal to the stoichiometric

coef�cients for each reactant. The overall reaction order, i.e. the sum of stoichiometric

coef�cients of reactants, is always equal to the molecularity of the elementary reaction.

Complex (multi-step) reactions may or may not have reaction orders equal to their

stoichiometric coef�cients.

The rate equation of a reaction with an assumed multi-step mechanism can often be derived

theoretically using quasi-steady state assumptions from the underlying elementary reactions,

and compared with the experimental rate equation as a test of the assumed mechanism. The

equation may involve a fractional order, and may depend on the concentration of an

intermediate species.

A reaction can also have an unde�ned reaction order with respect to a reactant if the rate is not

simply proportional to some power of the concentration of that reactant; for example, one

cannot talk about reaction order in the rate equation for a bimolecular reaction between

adsorbed molecules:

Determination of reaction order
The order of a reaction cannot be deduced from the chemical equation of the reaction. It must

[1]



be determined by experiment.

Method of initial rates

The order of a reaction for each reactant can be estimated  from the variation in initial rate

with the concentration of that reactant, using the natural logarithm of the typical rate equation

For example, the initial rate can be measured in a series of experiments at different initial

concentrations of reactant A with all other concentrations [B], [C], … kept constant, so that

The slope of a graph of  as a function of  then corresponds to the order x with respect

to reactant A.

However, this method is not always reliable because

measurement of the initial rate requires accurate determination of small changes in

concentration in short times (compared to the reaction half-life) and is sensitive to errors,

and

1. 

the rate equation will not be completely determined if the rate also depends on substances

not present at the beginning of the reaction, such as intermediates or products.

2. 

Integral method

The tentative rate equation determined by the method of initial rates is therefore normally

veri�ed by comparing the concentrations measured over a longer time (several half-lives) with

the integrated form of the rate equation.

For example, the integrated rate law for a �rst-order reaction is

,

where [A] is the concentration at time t and [A]  is the initial concentration at zero time. The

[2][3]
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�rst-order rate law is con�rmed if  is in fact a linear function of time. In this case the rate

constant  is equal to the slope with sign reversed.

Method of �ooding

The partial order with respect to a given reactant can be evaluated by the method of �ooding

(or of isolation) of Ostwald. In this method, the concentration of one reactant is measured with

all other reactants in large excess so that their concentration remains essentially constant. For

a reaction a·A + b·B → c·C with rate law:  , the partial order α with respect

to A is determined using a large excess of B. In this case

with ,

and α may be determined by the integral method. The order β with respect to B under the

same conditions (with B in excess) is determined by a series of similar experiments with a range

of initial concentration [B]  so that the variation of k’ can be measured.

Zero order
For zero-order reactions, the reaction rate is independent of the concentration of a reactant,

so that changing its concentration has no effect on the speed of the reaction. Thus, the

concentration changes linearly with time. This may occur when there is a bottleneck which

limits the number of reactant molecules that can react at the same time, for example if the

reaction requires contact with an enzyme or a catalytic surface.

Many enzyme-catalyzed reactions are zero order, provided that the reactant concentration is

much greater than the enzyme concentration which controls the rate, so that the enzyme is

saturated. For example, the biological oxidation of ethanol to acetaldehyde by the enzyme liver

alcohol dehydrogenase (LADH) is zero order in ethanol.

Similarly reactions with heterogeneous catalysis can be zero order if the catalytic surface is

saturated. For example, the decomposition of phosphine (PH ) on a hot tungsten surface at

high pressure is zero order in phosphine which decomposes at a constant rate.

In homogeneous catalysis zero order behavior can come about from reversible inhibition. For

example, ring-opening metathesis polymerization using third-generation Grubbs catalyst

[4][5]
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exhibits zero order behavior in catalyst due to the reversible inhibition that is occur between

the pyridine and the ruthenium center.

First order
A �rst order reaction depends on the concentration of only one reactant (a unimolecular

reaction). Other reactants can be present, but each will be zero order. The rate law for such a

reaction is

The half-life is independent of the starting concentration and is given by  .

Examples of such reactions are:

In organic chemistry, the class of S 1 (nucleophilic substitution unimolecular) reactions

consists of �rst-order reactions. For example, in the reaction of aryldiazonium ions with

nucleophiles in aqueous solution ArN  + X → ArX + N , the rate equation is r = k[ArN ],

where Ar indicates an aryl group.

Second order
A reaction is said to be second order when the overall order is two. The rate of a second-order

reaction may be proportional to one concentration squared  , or (more commonly) to

the product of two concentrations  . As an example of the �rst type, the reaction

NO  + CO → NO + CO  is second-order in the reactant NO  and zero order in the reactant

CO. The observed rate is given by  , and is independent of the concentration of

CO.

For the rate proportional to a single concentration squared, the time dependence of the

concentration is given by

[9]
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The time dependence for a rate proportional to two unequal concentrations is

;

if the concentrations are equal, they satisfy the previous equation.

The second type includes nucleophillic addition-elimination reactions, such as the alkaline

hydrolysis of ethyl acetate:

CH COOC H  + OH → CH COO  + C H OH

This reaction is �rst-order in each reactant and second-order overall: r =

k[CH COOC H ][OH ]

If the same hydrolysis reaction is catalyzed by imidazole, the rate equation becomes r =

k[imidazole][CH COOC H ]. The rate is �rst-order in one reactant (ethyl acetate), and also

�rst-order in imidazole which as a catalyst does not appear in the overall chemical equation.

Another well-known class of second-order reactions are the S 2 (bimolecular nucleophilic

substitution) reactions, such as the reaction of n-butyl bromide with sodium iodide in acetone:

CH CH CH CH Br + NaI → CH CH CH CH I + NaBr↓

This same compound can be made to undergo a bimolecular (E2) elimination reaction, another

common type of second-order reaction, if the sodium iodide and acetone are replaced with

sodium tert-butoxide as the salt and tert-butanol as the solvent:

CH CH CH CH Br + NaOt-Bu → CH CH CH=CH  + NaBr + HOt-Bu

Pseudo-�rst order
If the concentration of a reactant remains constant (because it is a catalyst, or because it is in

great excess with respect to the other reactants), its concentration can be included in the rate
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constant, obtaining a pseudo–�rst-order (or occasionally pseudo–second-order) rate equation.

For a typical second-order reaction with rate equation r = k[A][B], if the concentration of

reactant B is constant then r = k[A][B] = k'[A], where the pseudo–�rst-order rate constant k’ =

k[B]. The second-order rate equation has been reduced to a pseudo–�rst-order rate equation,

which makes the treatment to obtain an integrated rate equation much easier.

One way to obtain a pseudo-�rst order reaction is to use a large excess of one reactant (say,

[B]≫[A]) so that, as the reaction progresses, only a small fraction of the reactant in excess (B) is

consumed, and its concentration can be considered to stay constant. For example, the

hydrolysis of esters by dilute mineral acids follows pseudo-�rst order kinetics where the

concentration of water is present in large excess:

CH COOCH  + H O → CH COOH + CH OH

The hydrolysis of sucrose in acid solution is often cited as a �rst-order reaction with rate r =

k[sucrose]. The true rate equation is third-order, r = k[sucrose][H ][H O]; however, the

concentrations of both the catalyst H  and the solvent H O are normally constant, so that the

reaction is pseudo–�rst-order.

Summary for reaction orders 0, 1, 2, and n
Elementary reaction steps with order 3 (called ternary reactions) are rare and unlikely to occur.

However, overall reactions composed of several elementary steps can, of course, be of any

(including non-integer) order.
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Where M stands for concentration in molarity (mol · L ), t for time, and k for the reaction rate

constant. The half-life of a �rst order reaction is often expressed as t  = 0.693/k (as ln2 =

0.693).

Fractional order
In fractional order reactions, the order is a non-integer, which often indicates a chemical chain

reaction or other complex reaction mechanism. For example, the pyrolysis of acetaldehyde

(CH CHO) into methane and carbon monoxide proceeds with an order of 1.5 with respect to

acetaldehyde: r = k[CH CHO] .  The decomposition of phosgene (COCl ) to carbon

monoxide and chlorine has order 1 with respect to phosgene itself and order 0.5 with respect

to chlorine: r = k[COCl ] [Cl ] .

The order of a chain reaction can be rationalized using the steady state approximation for the

concentration of reactive intermediates such as free radicals. For the pyrolysis of

acetaldehyde, the Rice-Herzfeld mechanism is

Initiation

CH CHO → •CH  + •CHO

Propagation

•CH  + CH CHO → CH CO• + CH

−1

1/2

3

3
3/2 [14]

2

2 2
1/2 [15]
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CH CO• → •CH  + CO

Termination

2 •CH → C H

where • denotes a free radical. To simplify the theory, the reactions of the •CHO to form a

second •CH  are ignored.

In the steady state, the rates of formation and destruction of methyl radicals are equal, so that

,

so that the concentration of methyl radical satis�es

.

The reaction rate equals the rate of the propagation steps which form the main reaction

products CH  and CO:

in agreement with the experimental order of 3/2.

Mixed order
More complex rate laws have been described as being mixed order if they approximate to the

laws for more than one order at different concentrations of the chemical species involved. For

example, a rate law of the form  represents concurrent �rst order and

second order reactions (or more often concurrent pseudo-�rst order and second order)

reactions, and can be described as mixed �rst and second order.  For suf�ciently large values

of [A] such a reaction will approximate second order kinetics, but for smaller [A] the kinetics

will approximate �rst order (or pseudo-�rst order). As the reaction progresses, the reaction

can change from second order to �rst order as reactant is consumed.

Another type of mixed-order rate law has a denominator of two or more terms, often because
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the identity of the rate-determining step depends on the values of the concentrations. An

example is the oxidation of an alcohol to a ketone by hexacyanoferrate (III) ion [Fe(CN) ] with

ruthenate (VI) ion (RuO ) as catalyst.  For this reaction, the rate of disappearance of

hexacyanoferrate (III) is 

This is zero-order with respect to hexacyanoferrate (III) at the onset of the reaction (when its

concentration is high and the ruthenium catalyst is quickly regenerated), but changes to

�rst-order when its concentration decreases and the regeneration of catalyst becomes

rate-determining.

Notable mechanisms with mixed-order rate laws with two-term denominators include:

Michaelis-Menten kinetics for enzyme-catalysis: �rst-order in substrate (second-order

overall) at low substrate concentrations, zero order in substrate (�rst-order overall) at

higher substrate concentrations; and

the Lindemann mechanism for unimolecular reactions: second-order at low pressures,

�rst-order at high pressures.

Negative order
A reaction rate can have a negative partial order with respect to a substance. For example, the

conversion of ozone (O ) to oxygen follows the rate equation  in an excess of

oxygen. This corresponds to second order in ozone and order (-1) with respect to oxygen.

When a partial order is negative, the overall order is usually considered as unde�ned. In the

above example for instance, the reaction is not described as �rst order even though the sum of

the partial orders is 2 + (−1) = 1, because the rate equation is more complex than that of a

simple �rst-order reaction.

原始碼『解』，不登階！！？？
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