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SOLUTIONS OF SELECTED PROBLEMS 
 
 
 

1‐2. 𝑘୅୆ାେ ൌ
௞ത்

௛
𝑒ି

∆ಸఽాశి
ಯ

ೃ೅ . Hence  

∆𝐺୅୆ାେ
ஷ ൌ 𝑅𝑇 ቆ𝑙𝑛

𝑘ത𝑇
ℎ
െ 𝑙𝑛𝑘୅୆ାେቇ ;  

∆𝐺୅ା୆େ
ஷ ൌ ∆𝐺୅୆ାେ

ஷ ൅ ∆𝐺଴ ൌ ∆𝐺୅୆ାେ
ஷ െ 𝑅𝑇ln𝐾. 

1‐3. If kobs = kK,	k =	kobs/K = 106/1020 = 1026 M-1 s-1. This is far above 
diffusion limit. 

1‐4. Arrhenius: ln k = ln A – EA/RT; 
డ௟௡௞

డ்
ൌ

ாఽ
ோ்మ

. 

Eyring: 𝑙𝑛𝑘 ൌ 𝑙𝑛𝑇 ൅ 𝑙𝑛
௞ത

௛
െ

∆ு

ோ்

ஷ
൅

∆ௌ

ோ

ஷ
;  
డ௟௡௞

డ்
ൌ

ଵ

்
൅

∆ுಯ

ோ்మ
. 

Therefore 

𝜕𝑙𝑛𝑘
𝜕𝑇

ൌ
𝐸୅
𝑅𝑇ଶ

ൌ
1
𝑇
൅
∆𝐻ஷ

𝑅𝑇ଶ
 

Finally  
EA = H + RT 

1‐5. 𝑘ଵ ൌ 𝐴𝑒ି
ಶఽ
ೃ೅; 𝑘ଶ ൌ 𝐴𝑒ି

ሺಶఽశఱ.ఴఱሻ
ೃ೅ ; 

௞భ
௞మ
𝑒ି

ఱ.ఴఱሺౡె ౣ౥ౢషభሻ
ೃ೅ ~ 10. 

1‐7. The sphere volume is 
ସ

ଷ
r3. The density ρ = M/V = 

ଷ୑

ସగ௥య
. Hence, r = 

ට
ଷ୑

ସగఘ

య
. D	=	

௞ത்

଺గఎ௥
. Therefore D ~ M-1/3. 

1‐8. One in both decaborane and alcohol. Two overall. 

2‐1. Ao = Aa0; A = Ba0; At = Aa0e-kt + Ba0(1  e-kt) = a0e-kt + Ba0 with 
 = A  B. Therefore 
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xiv

ln{(AoA)/(AtA)} = ln
ఌఽ௔బିఌా௔బ
௔బ୼ఌ௘షೖ೟

 = lnekt = kt 

2‐2. k	=	0.3 min-1. 

2‐3. At t	=	t, [A] = (aо 	x) and [B] = bо + x. Correspondingly  

െ
𝑑ሺ𝑎଴ െ 𝑥ሻ

𝑑𝑡
ൌ 𝑘ଵሺ𝑎଴ െ 𝑥ሻ െ 𝑘ିଵሺ𝑏଴ ൅ 𝑥ሻ ൌ 𝑘ଵ𝑎଴ െ 𝑘ିଵ𝑏଴ െ 𝑥ሺ𝑘ଵ ൅ 𝑘ିଵሻ ൌ 𝛼 െ 𝑥𝛽 

with  = k1a0  k-1b0 and  = k1 + k-1. Therefore 

െ
ଵ

ఉ
ൈ

ௗሺఈିఉ௫ሻ

ሺఈିఉ௫ሻ
ൌ 𝑑𝑡;         lnሺ𝛼 െ 𝛽𝑥ሻ ൌ 𝑐 ൅ 𝛽𝑡 

At t = 0 x = 0,  = с and hence 

𝛼 െ 𝛽𝑥 ൌ 𝛼𝑒ିఉ௧  and  𝑥 ൌ
ఈ

ఉ
ሺ1 െ 𝑒ିఉ௧ሻ 

Substitution gives 

𝑥 ൌ
𝑎଴𝑘ଵ െ 𝑏଴𝑘ିଵ
𝑘ଵ ൅ 𝑘ିଵ

൫1 െ 𝑒ିሺ௞భା௞షభሻ௧൯ 

At t   

xeq = (k1ao  k-1bo)/(k1 + k-1).   

Finally 
𝑥 ൌ 𝑥ୣ୯൫1 െ 𝑒ିሺ௞భା௞షభሻ௧൯. 

2‐5. If Mechanism 1. holds, the amount of B formed should depend on 
the concentration of Xt (see eq 2.2.3) and the equilibrium constant K = 
k1/k-1 could be calculated. This should correspond to the ratio of k1 and 
k-1 found in the kinetic experiment. If Mechanism 2. holds, the amount 
of B formed is always constant and equal At. 

2‐6. Apply the condition k1 = k2 = k to eq 2.4.4. Then 

d(zekt) = kaodt 

Integration and application of the boundary condition z = 0 at t = 0 
results in 
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z = aokte-kt and y = x – z = ao(1 – e-kt – kte-kt) 

Differentiation gives the expression for the steady-state time. 

2‐7. The differential equation for the consumption of A: 

⎼d(a0–x)/dt = k1(a0–x) +k2(a0–x)2 

If y = (a0 – x), after rearrangement 

െ
𝑑𝑦

𝑦ሺ𝑘ଵ ൅ 𝑦𝑘ଶሻ
ൌ 𝑑𝑡 

and 

1
𝑦ሺ𝑘ଵ ൅ 𝑦𝑘ଶሻ

ൌ
𝑚
𝑦
൅

𝑛
𝑘ଵ ൅ 𝑦𝑘ଶ

 

Coefficients m and n are found as for the second-order reaction: m = 
1/k1 and –n = k2/k1. Thus, the function easy to integrate is 

െ
1
𝑘ଵ

𝑑𝑦
𝑦
൅
𝑘ଶ
𝑘ଵ
ൈ

𝑑𝑦
𝑘ଵ ൅ 𝑦𝑘ଶ

ൌ 𝑑𝑡 

And 

െ
1
𝑘ଵ

𝑑𝑦
𝑦
൅

1
𝑘ଵ
ൈ
𝑑ሺ𝑘ଵ ൅ 𝑦𝑘ଶሻ
𝑘ଵ ൅ 𝑦𝑘ଶ

ൌ 𝑑𝑡 

followed 

െ
1
𝑘ଵ
ሺ𝑙𝑛𝑦 ൅ 𝑙𝑛ሺ𝑘ଵ ൅ 𝑦𝑘ଶሻሻ ൌ 𝑡 ൅ 𝑐 

Using the boundary conditions y = a0 at t = 0 one gets 

𝑙𝑛
௔బሾ௞భାሺ௔బି௫ሻ௞మሿ

ሺ௔బି௫ሻሺ௞భା௔బ௞మሻ
   ൌ 𝑘ଵ𝑡 ; 𝑎଴ െ 𝑥 ൌ

௔బ௞భ௘షೖభ೟

௞భା௔బ௞మ௘షೖభ೟
 

2‐10. At any time 
௕

௖
ൌ

௞భ
௞మ

 and x = b + c. Combining these two equations 

one obtains 
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𝑥 ൌ
𝑘ଵ ൅ 𝑘ଶ
𝑘ଵ

𝑏 

Substitution of the expression for x into х = a0(1 – 𝑒ିሺ௞భା௞మሻ௧) affords  

𝑏 ൌ 𝑎଴
𝑘ଵ

𝑘ଵ ൅ 𝑘ଶ
൫1 െ 𝑒ିሺ௞భା௞మሻ௧൯ 

2‐11. It should be confirmed that the relations 

െ
𝑑ሺ𝑎଴ െ 𝑥ሻ

𝑑𝑡
ൌ 𝑘ଵ𝑎଴𝑒ି௞భ௧ ൌ

𝑑𝑧
𝑑𝑡

ൌ
𝑘ଵ𝑘ଶ𝑎଴
𝑘ଵ െ 𝑘ଶ

ሺ𝑒ି௞మ௧ െ 𝑒ି௞భ௧ሻ 

hold at the steady state. It follows 

𝑘ଵ𝑎଴𝑒ି௞భ௧ ൌ
𝑘ଵ𝑘ଶ𝑎଴
𝑘ଵ െ 𝑘ଶ

ሺ𝑒ି௞మ௧ െ 𝑒ି௞భ௧ሻ    

and                               𝑒ି௞భ௧ ൌ
𝑘ଶ

𝑘ଵ െ 𝑘ଶ
ሺ𝑒ି௞మ௧ െ 𝑒ି௞భ௧ሻ 

Rearrangement affords 

𝑘ଵ𝑒ି௞భ௧ െ 𝑘ଶ𝑒ି௞భ௧ ൌ 𝑘ଶ𝑒ି௞మ௧ െ 𝑘ଶ𝑒ି௞భ௧ 

Finally 

𝑘ଵ𝑒ି௞భ௧ ൌ 𝑘ଶ𝑒ି௞మ௧ 

2‐12.   𝑥 ൌ
௔బሺଵି௘

ሺೌబష್బሻೖ೟ሻ

ଵି
ೌబ
್బ
௘ሺೌబష್బሻೖ೟

 

1) a0 > b0 𝑥 ൌ
ି௔బ௘

ሺೌబష್బሻೖ೟

ି
ೌబ
್బ
௘ሺೌబష್బሻೖ೟

ൌ 𝑏଴ 

2) a0 < b0 x = a0. 

3‐1. Mass balance At = [A]+[AL]; SSA:  

0~d[AL]/dt = k1[A][L] – [AL](k-1+k2) 
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Two equations, two unknowns. Find expressions for [A] and [AL] at the 
steady-state 

d[P]/dt = k2[AL] + k3[A] 

Working with the mass balance equations, one obtains 

A୲ ൌ ሾAሿ ൬1 ൅
𝑘ଵL

𝑘ିଵ ൅ 𝑘ଶ
൰ 

And  

ሾAሿ ൌ
𝑘ିଵ ൅ 𝑘ଶ

𝑘ଵL ൅ 𝑘ିଵ ൅ 𝑘ଶ
A୲;          ሾALሿ ൌ

𝑘ଵL
𝑘ଵL ൅ 𝑘ିଵ ൅ 𝑘ଶ

A୲ 

Finally 

𝑘୭ୠୱ ൌ
𝑘ଷሺ𝑘ିଵ ൅ 𝑘ଶሻ ൅ 𝑘ଵ𝑘ଶL

𝑘ଵL ൅ 𝑘ିଵ ൅ 𝑘ଶ
ൌ
𝑘ଷ ൅

𝑘ଵ𝑘ଶ
𝑘ିଵ ൅ 𝑘ଶ

L

1 ൅
𝑘ଵL

𝑘ିଵ ൅ 𝑘ଶ

 

3‐2. Mass balance Fet = [FeIII]+[Oxidized]; SSA with respect to 
Oxidized TAML: 

0~d[Oxidized]/dt = k1[FeIII][H2O2] – [Oxidized](k-1+k2[S]) 

Since  

d[P]/dt = k2[Oxidized][S] 

one obtains 

𝑑ሾPሿ
𝑑𝑡

ൌ
𝑘ଵ𝑘ଶሾHଶOଶሿሾSሿ

𝑘ିଵ ൅ 𝑘ଵሾHଶOଶሿ ൅ 𝑘ଶሾSሿ
Fe୲ 

Plotting inverse rate versus [HOOH]-1 or [S]-1 allows to calculate k1 
and k2 from the slope and intercept if k-1 ~ 0. 

3‐3. Mass balance Et = [E]+[ES]; Ks = [E][St]/[ES]. Therefore [ES] = 
EtSt/(Ks+St) and v = k2EtSt/(Ks+St). 
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𝐾୫ ൌ
௞షభ
௞భ

൅
௞మ
௞భ

;  𝐾ୗ ൌ
௞షభ
௞భ

.  Hence 𝐾୫ ൌ 𝐾ୗ ൅
௞మ
௞భ

. 

3‐4. Mass balance Et = [E] + [ES] + [EA]; SSA: 

0~d[ES]/dt = k1[E][S] – [ES](k-1+k2) 

0~ d[EA]/dt = k2[ES] - k3[EA] 

Three equations, three unknowns. Find expression for [EA] because 

d[P]/dt = k3[EA] 

Working with the mass balance equations, one obtains 

E୲ ൌ ሾEሿ ൅ ሾESሿ ൅ ሾEAሿ ൌ ሾEAሿ
𝑘ଷ
𝑘ଶ
൬1 ൅

𝑘ିଵ ൅ 𝑘ଶ
𝑘ଵS୲

൰ ൅ ሾEAሿ ൌ

ൌ ሾEAሿ ൬1 ൅
𝑘ଷ
𝑘ଶ
൅
𝑘ଷ
𝑘ଶ
ൈ
𝑘ିଵ ൅ 𝑘ଶ
𝑘ଵS୲

൰ ൌ 

ൌ ሾEAሿ ൬
𝑘ଵ𝑘ଶS୲ ൅ 𝑘ଵ𝑘ଷS୲ ൅ 𝑘ିଵ𝑘ଷ ൅ 𝑘ଶ𝑘ଷ

𝑘ଵ𝑘ଶS୲
൰ 

Hence 

ሾEAሿ ൌ
𝑘ଵ𝑘ଶS୲

𝑘ଵ𝑘ଶS୲ ൅ 𝑘ଵ𝑘ଷS୲ ൅ 𝑘ିଵ𝑘ଷ ൅ 𝑘ଶ𝑘ଷ
E୲ 

And 

𝑑ሾPሿ
𝑑𝑡

ൌ
𝑘ଵ𝑘ଶ𝑘ଷS୲

𝑘ଵ𝑘ଶS୲ ൅ 𝑘ଵ𝑘ଷS୲ ൅ 𝑘ିଵ𝑘ଷ ൅ 𝑘ଶ𝑘ଷ
E୲ ൌ

𝑘ଶ𝑘ଷ
𝑘ଶ ൅ 𝑘ଷ

S୲E୲

𝑘ଷሺ𝑘ିଵ ൅ 𝑘ଶሻ
𝑘ଵሺ𝑘ଶ ൅ 𝑘ଷሻ

൅ S୲
 

3‐5. 𝑣 ൌ
௞మ௞ర୉౪ୋ୪౪୊ୡ౪

శ

௞ర௄౉
ృౢ୊ୡ౪

శା௞మ௄౉
ూౙୋ୪౪ାሺ௞మା௞రሻୋ୪౪୊ୡ౪

శ; 𝐾୑
୊ୡ ൌ

௞రା௞షయ
௞య

 and 𝐾୑
ୋ୪ ൌ

௞మା௞షభ
௞భ

. 

3‐6. Mass balance Et = [E]+[CI]+[CII]; SSAs: 

0~d[CI]/dt = k1[E][P] –k2[CI][S] 

0~ d[CII]/dt = k2[CI][S] - k3[CII][S] 

Three equations, three unknowns. Find expressions for [CI] and [CII] 
because 
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d[P]/dt = k2[CI][S] + k3[CII][S] 

Using the mass balance equations, one obtains 

E୲ ൌ ሾCIሿ ൬1 ൅
𝑘ଶ
𝑘ଷ
൅
𝑘ଶS୲
𝑘ଵሾPሿ

൰ ൌ ሾCIሿ ቆ
𝑘ଵ𝑘ଶሾPሿ ൅ 𝑘ଵ𝑘ଷሾPሿ ൅ 𝑘ଶ𝑘ଷS୲

𝑘ଵ𝑘ଷሾPሿ
ቇ 

Hence 

ሾCIሿ ൌ
𝑘ଵ𝑘ଷሾPሿE୲

𝑘ଵ𝑘ଶሾPሿ ൅ 𝑘ଵ𝑘ଷሾPሿ ൅ 𝑘ଶ𝑘ଷS୲
 

and 

ሾCIIሿ ൌ
𝑘ଵ𝑘ଶሾPሿE୲

𝑘ଵ𝑘ଶሾPሿ ൅ 𝑘ଵ𝑘ଷሾPሿ ൅ 𝑘ଶ𝑘ଷS୲
 

Finally 
𝑑ሾPሿ

𝑑𝑡
ൌ

2𝑘ଵ𝑘ଶ𝑘ଷሾPሿE୲S୲
𝑘ଵ𝑘ଶሾPሿ ൅ 𝑘ଵ𝑘ଷሾPሿ ൅ 𝑘ଶ𝑘ଷS୲

 

3‐7. The expression for kobs in this case is: 

𝑘୭ୠୱ ൌ
𝑘୅ୌ𝐾ୟଵሾHାሿ

ሾHାሿଶ ൅ 𝐾ୟଵሾHାሿ ൅ 𝐾ୟଵ𝐾ୟଶ
 

The horizontal part of the curve, when kobs is pH independent, is given 
by 

𝑘୭ୠୱ ൌ
𝑘୅ୌ𝐾ୟଵሾHାሿ
𝐾ୟଵሾHାሿ

ൌ 𝑘୅ୌ 

Left and right straight lines are given by: 𝑘୭ୠୱ ൌ
௞ఽౄ௄౗భሾୌశሿ

ሾୌశሿమ
=
௞ఽౄ௄౗భ
ሾୌశሿ

 and 

𝑘୭ୠୱ ൌ
௞ఽౄ௄౗భሾୌశሿ

௄౗భ௄౗మ
=
௞ఽౄሾୌశሿ

௄౗మ
, respectively. Correspondingly, logkobs = 

logkAH; logkobs = logkAH – pKa1 + pH and logkobs = logkAH – pH + pKa2 for 
the three straight lines. The values of logkobs are equal at the 
intersections points. This leads to pKa1 = pH and pKa2 = pH. 

3‐8. The corresponding scheme is: 
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AH2
+ AH A-

Ka1 Ka2

P P

kAH2 kA

 

Mass balance:  

At = [AH2+] + [AH] + [A-];   

Ka1 = [AH][H+]/[AH2+];  Ka2 = [A-][H+]/[AH] 

Substitution affords 

A୲ ൌ ሾAHሿ ቆ1 ൅
ሾHାሿ
𝐾ୟଵ

ቇ ൅ ሾAିሿ ൌ
ሾAିሿሾHାሿ
𝐾ୟଶ

ቆ1 ൅
ሾHାሿ
𝐾ୟଵ

ቇ ൅ ሾAିሿ ൌ

ൌ ሾAିሿ ቆ1 ൅
ሾHାሿ
𝐾ୟଶ

൅
ሾHାሿଶ

𝐾ୟଵ𝐾ୟଶ
ቇ 

Equilibrium concentrations are 

ሾAିሿ ൌ
𝐾ୟଵ𝐾ୟଶ

ሾHାሿଶ ൅ 𝐾ୟଵሾHାሿ ൅ 𝐾ୟଵ𝐾ୟଶ
A୲   

 ሾAHଶ
ାሿ ൌ

ሾHାሿଶ

ሾHାሿଶ ൅ 𝐾ୟଵሾHାሿ ൅ 𝐾ୟଵ𝐾ୟଶ
 A୲ 

Since d[P]/dt = kA[A-] + kAH2[AH2+] 

𝑘୭ୠୱ ൌ
𝑘୅ୌଶሾHାሿଶ ൅ 𝑘୅𝐾ୟଵ𝐾ୟଶ

ሾHାሿଶ ൅ 𝐾ୟଵሾHାሿ ൅ 𝐾ୟଵ𝐾ୟଶ
 

3‐10. The time corresponding to the inflection point is found from the 

equation 
ௗమ௫

ௗ௧మ
ൌ 0. The solution of the corresponding equation affords 

𝑡 ൌ
௟௡ ሺ௔ ௖⁄ ሻ

௞ሺ௔ା௖ሻ
. Assuming that A = (a + c), one obtains 

ௗ௫

ௗ௧
ൌ

௔௖஺మ௞௘షಲೖ೟

൫௖ା௔௘షಲೖ೟൯
మ. The 

slope of the straight line when 𝑡 ൌ
୪୬ ሺ௔ ௖⁄ ሻ

௞ሺ௔ା௖ሻ
, i.e. after substitution of this 

expression for t into 
ௗ௫

ௗ௧
 gives: 
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𝑑𝑥
𝑑𝑡

ൌ
𝑎𝑐𝐴ଶ𝑘𝑒ି஺௞௧

ሺ𝑐 ൅ 𝑎𝑒ି஺௞௧ሻଶ
ൌ
𝑎𝑐𝐴ଶ𝑘𝑒ି

஺௞୪୬ ሺ௔ ௖⁄ ሻ
஺௞

൫𝑐 ൅ 𝑎𝑒ି୪୬ ሺ௔ ௖⁄ ሻ൯
ଶ ൌ

𝑐ଶ𝐴ଶ𝑘
ሺ𝑐 ൅ 𝑐ሻଶ

ൌ
𝐴ଶ𝑘

4
ൌ 𝛼 

Check that the units of  are {M s-1}, cf. with "slope". The value of x ("y" 

at y axis) at 𝑡 ൌ
୪୬ ሺ௔ ௖⁄ ሻ

௞ሺ௔ା௖ሻ
 is 

"y" ൌ
𝑎𝑐 ቀ1 െ

𝑐
𝑎ቁ

2𝑐
ൌ
𝑎 െ 𝑐

2
 

The equation for the straight line y = t +  passing through the 
inflection point is 

𝑎 െ 𝑐
2

ൌ
𝐴ଶ𝑘

4
ൈ

ln ሺ𝑎 𝑐⁄ ሻ
𝑘ሺ𝑎 ൅ 𝑐ሻ

൅ 𝛽 

This allows to find  as 

𝛽 ൌ
2ሺ𝑎 െ 𝑐ሻ െ 𝐴ln ሺ𝑎 𝑐⁄ ሻ

4
 

Using this expression one can find time , at which "y" equals zero 

0 ൌ
𝐴ଶ𝑘

4
𝜏 ൅

2ሺ𝑎 െ 𝑐ሻ െ 𝐴ln ሺ𝑎 𝑐⁄ ሻ
4

     and    𝜏𝐴ଶ𝑘 ൌ 𝐴lnሺ𝑎 𝑐⁄ ሻ െ 2ሺ𝑎 െ 𝑐ሻ 

Finally 

𝜏 ൌ
lnሺ𝑎 𝑐⁄ ሻ െ 2

𝑎 െ 𝑐
𝑎 ൅ 𝑐

𝑘ሺ𝑎 ൅ 𝑐ሻ
 

3‐12. Show that the following mechanism works, if both rapidly 
established equilibria are strongly shifted to the left.1 

phenol ⇌ phenoxide- + H+ 

phenoxide- + OsIII ⇌ phenoxyl• + OsII 

 
1 Adapted from Song N, Stanbury DM, Inorg	Chem, 2012, 51, 4909. 
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2 phenoxyl•  biphenoquinone 

3‐13. Lineweaver-Burk: v-1 = VM-1 + KM/(VM[S]). When v-1 = 0, [S] = ‒KM.  

3‐14. The Michaelis-Menten equation in a linear form is 

vKM + v[S] = VM[S] 

After dividing both sides by [S] and rearrangement one arrives to 

v	= VM ‒ KMv[S]-1 

The slope and intercept of a linear v	vs. v[S]-1 plot equal ‒KM and VM, 
respectively. 

3‐15. y = 0 when [S0] = [S]. Then 0 = VM ‒ KM/t and t = KM/VM. 

4‐1. Et = [E] + [ES] + [ES']; Ks = [E][S]/[ES]; K's = [E][S]/[ES']; Et = 
[ES]{Ks/[S] +1 +(Ks/[S])×([S]/K's)} and hence [ES] = Et[S]K's/{KsK's + 
[S](Ks + K's); v = k[ES]. Substitution of the expression for [ES] into the 
equation for v affords 

𝑣 ൌ  
𝑘

𝐾ୱᇱ
𝐾ୱ ൅ 𝐾ୱᇱ

ሾSሿሾEሿ

𝐾௦𝐾ୱᇱ
𝐾ୱ ൅ 𝐾ୱᇱ

൅ ሾSሿ
 

4.2. In this case v = k[ES] + k'[ES2]. [ES] = Et[S]/{Ks + [S] + [S]2/K2s} (see 
footnote to page 4-2). Et = [ES2]{(KS/[S])×(K2S/[S]) + K2S/[S] + 1}; [ES2] 
= Et{[S]2×K2S-1/[KS + [S] + [S]2×K2S-1]}. Correspondingly 

𝑣 ൌ
𝑘ሾSሿ ൅ 𝑘ᇱ

ሾSሿଶ

𝐾ଶୗ

𝐾ୗ ൅ ሾSሿ ൅
ሾSሿଶ
𝐾ଶୗ

E୲ 

When [S] is relatively small and the term [S]2×K2S-1 is negligible, v ~ kEt. 
When [S] is large, v ~ k'Et. Therefore the rate will never drop at high [S], 
if k' > k. 

4‐3. The noncompetitive inhibition.		

4.4. In this case  
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𝑣 ൌ
𝑘ୡୟ୲

𝐾୧
𝐾୧ ൅ ሾIሿE୲ሾSሿ

𝐾ୱ ൅ ሾSሿ
 

At [I] = i0.5 v = ½v, i.e.  

1
2
𝑣 ൌ

𝑘ୡୟ୲
𝐾୧

𝐾୧ ൅ ሾ𝑖଴.ହሿ
E୲ሾSሿ

𝐾ୱ ൅ ሾSሿ
 

Without inhibition 

𝑣 ൌ
𝑘ୡୟ୲E୲ሾSሿ

𝐾ୱ ൅ ሾSሿ
 

Dividing the latter by the former affords 

2 ൌ
𝐾୧ ൅ ሾ𝑖଴.ହሿ

𝐾୧
 

4‐5.

 

5.1. Under the steady-state conditions (see problem 3-2 when k-I ≈ 0) 

𝑑ሾPሿ
𝑑𝑡

ൌ
𝑘ଵ𝑘ଶሾoxidantሿሾSሿ
𝑘ଵሾoxidantሿ ൅ 𝑘ଶሾSሿ

C୲ 

One should find the condition when all Rc is rapidly and quantitatively 
converted to Ac, i.e. the overall rate is determined by k2 only. This 
occurs when k1[oxidant] >> k2[S] because in this case 

𝑑ሾPሿ
𝑑𝑡

ൎ
𝑘ଵ𝑘ଶሾoxidantሿሾSሿ

𝑘ଵሾoxidantሿ
C୲ ൌ 𝑘ଶሾoxidantሿሾSሿC୲ 

5‐2. It comes from eq 5.2.4 that  
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S୲
S୲ െ 𝑥ஶ

ൌ 𝑒
௞౅౅
௞౟
େ౪ 

Therefore  

𝑥ஶ ൌ S୲ሺ1 െ 𝑒
ି
௞౅౅
௞౟
େ౪ሻ 

See ref. 3 in Lecture 5 for details. 

6‐2. Since 
డ௟௡௞

డ௣
ൌ െ

∆௏ಯ

ோ்
, a two-fold increase in the rate constant means 

lnk = lnk = ln2k – lnk = ln2. This corresponds to p, which should be 
found. Substitution the numerical values into the right part of the above 
equation (T = 298 K, R = 82 cm3 atm K-1 mol-1) gives p	~ 1700 atm. 

6‐3. Isokinetic relationship means that ΔH = TΔS + const. After 
rearrangement ΔH ⎼ TΔS = ΔG = const, i.e. free energy of activation 
(and therefore rate constants) is constant within the series. 

6‐4. The rate expression is given by 

v = k1[M][ROOH] + k2[MOH][ROOH] + k3[M][ROO-] + k4[MOH][ROO-] 

Mt = [M] + [MOH];  Ka1 = 
ሾ୑୓ୌሿሾୌశሿ

ሾ୑ሿ
; 

ROOHt = [ROOH] + [ROO-];  Ka2 = 
ሾୖ୓୓షሿሾୌశሿ

ሾୖ୓୓ୌሿ
 

After finding equilibrium concentrations of all four participants 
followed by substitution into the expression for v, one obtains 

𝑣 ൌ  
𝑘ଵሾHାሿଶ ൅ 𝑘ଶ𝐾ୟଵሾHାሿ ൅ 𝑘ଷ𝐾ୟଶሾHାሿ ൅ 𝑘ସ𝐾ୟଵ𝐾ୟଶ

ሾHାሿଶ ൅ 𝐾ୟଵሾHାሿ ൅ 𝐾ୟଶሾHାሿ ൅ 𝐾ୟଵ𝐾ୟଶ
 

Kinetically indistinguishable are the k2 and k3 pathways. 

7‐1. Mass balance: MeCHOt ≈ [MeCHO] (aldehyde is difficult to 
deprotonate). 

v = k2[MeCHO][-H2CCHO]. 
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SSA:  

0 = k1[MeCHO][OH-] ‒ [-H2CCHO](k-1 + k2[MeCHO]). 

Therefore 

[-H2CCHO] = k2[MeCHO][OH-]/(k-1 + k2[MeCHO]). 

Correspondingly 

v = k1k2[MeCHO]2][OH-]/(k-1 + k2[MeCHO]). 

This is eq 7.2.1 with k = k1k2/k-1, if k-1 >> k2[MeCHO]. 

7‐2. A) If the last step is fast, the mass balance equation is Cot = [A] + 
[B] (A and B are [Co(NH3)5Cl]2+ and [Co(NH3)4(NH2)Cl]+, respectively). 
SSA for B is 

0 ൌ 𝑘ଵሾAሿሾOHିሿ െ ሺ𝑘ିଵ ൅ 𝑘ଶሻሾBሿ 

Correspondingly 

ሾBሿ ൌ
𝑘ଵሾOHିሿ

𝑘ିଵ ൅ 𝑘ଶ ൅ 𝑘ଵሾOHିሿ
Co୲ 

Finally 

𝑘୭ୠୱ ൌ
𝑘ଵ𝑘ଶሾOHିሿ

𝑘ିଵ ൅ 𝑘ଶ ൅ 𝑘ଵሾOHିሿ
 

because v = k2[B]. 

B) If the last step (k3) is not fast, the mass balance is Cot = [A] + [B] + [C] 
(C = [Co(NH3)4(NH2)]2+). SSA should be applied for both B and C: 

0 ൌ 𝑘ଵሾAሿሾOHିሿ ൅ 𝑘ିଶሾCሿሾClିሿ െ ሺ𝑘ିଵ ൅ 𝑘ଶሻሾBሿ 

and 

0 ൌ 𝑘ଶሾBሿ െ ሾCሿሺ𝑘ିଶሾClିሿ ൅ 𝑘ଷሻ 

The rate is this case is v = k3[C]. There are three equations with three 
unknowns. This allows to find the expression for the steady-state 
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concentration of C. Substitution of thus found C into the equation for v 
gives 

𝑘୭ୠୱ ൌ
𝑘ଵ𝑘ଶ𝑘ଷሾOHିሿ

𝑘ଵሺ𝑘ଶ ൅ 𝑘ଷሻሾOHିሿ ൅ 𝑘ଵ𝑘ିଶሾOHିሿሾClିሿ ൅ 𝑘ିଵ𝑘ିଶሾClିሿ ൅ ሺ𝑘ିଵ ൅ 𝑘ଶሻ𝑘ଷ
 

7‐3. A) BH ⇋ B- + H+ (Ka); Bt = BH + B-; [B-] = KaBt/([H+] + Ka). SSA with 
respect to intermediate 7.1: 

0 ൌ ሺ𝑘ଵሾSሿሾBିሿ െ ሺ𝑘ିଵ ൅ 𝑘ଶሻሾ𝟕.𝟏ሿ 

St = [S] + [7.1], but since [7.1] is very low, St ~ [S] and [7.1] = 
௞భ

௞షభା௞మ
S୲ሾBିሿ ൌ

௞భ
௞షభା௞మ

ൈ
௄౗

ሾୌశሿା௄౗
S୲B୲. Correspondingly 

𝑘୭ୠୱ ൌ
𝑘ଵ𝑘ଶ

𝑘ିଵ ൅ 𝑘ଶ
ൈ

𝐾ୟ
ሾHାሿ ൅ 𝐾ୟ

B୲ 

7‐4. Example of a general acid catalysis with H2PO4- as a reactive 
species. 

7‐5. Rate ~ [OH-]-1. 

8‐3. cred/cox = 0.01. 

8‐4. Let us find the conditions when the first derivative is zero. 
Rearrangement of eq 8.3.1 gives 

𝜆
4
ቆ1 ൅

2Δ𝐺
𝜆

൅  
Δ𝐺ଶ

𝜆ଶ
ቇ ൌ

𝜆
4
൅
Δ𝐺
2
൅
Δ𝐺ଶ

4𝜆
 

After differentiation with respect to ΔG gives 

0 ൌ
1
2
൅
∆𝐺
2𝜆

 

And finally, λ = ‒ΔG. 

9‐1. Inverse rate dependence in [CoII]. 

9‐3. The last step in Scheme 9.4.6 should not be fast; rates of steps 2 
and 3 should be comparable. 
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9‐4. 

 

9‐5. Radical species are potentially carcinogenic.	

11‐5. Fe−N, Fe−S and Fe−O, respectively.	

14‐1. Dissociative - SN1; associative SN2. 

14‐4. S-Character of the rate versus [Glucose] dependence, which is 
emphasized in the inset, is indicative of the allosteric regulation of the 
enzymatic activity by glucose. 

14‐5. Retention which is due to two inversions.  

 

 
 





 

 

LECTURE 1.  

KEY DEFINITIONS 
 
 
 

1.1.	A	Reaction	Mechanism.	What	Is	It?	

The most gorgeous in chemistry is almost certainly the understanding 
of mechanisms of chemical reactions. After finding a novel chemical 
transformation or synthesizing a new unique compound, the next 
question that arises inevitably is: "How? How does this reaction occur? 
Why and how are old bonds cleaved and new bonds are formed?” 
Apparently, there are certain approaches to study reaction 
mechanisms. Our ultimate goal is to understand and remember two 
important issues. First, one should have a clear perception what is the 
mechanism of a chemical reaction and, second, what methods should 
be applied for its elucidation in order to claim with confidence that the 
mechanism of a particular reaction is more or less reliably established. 

There are two key definitions. 

Definition	1. A mechanism of any chemical reaction is a series 
of its elementary steps. 
 
Definition	2. A step is referred to as elementary (concerted or 
synchronous), if it does not involve any intermediate.  

They define the exact essence of a concept of a	chemical	mechanism. 
There are two levels of understanding a mechanism. They referred to 
as stoichiometric and intimate mechanisms. Note that a stoichiometric 
mechanism is not synonym of a stoichiometric equation. A 
stoichiometric mechanism is just a sequence of its elementary steps 
without detailing the nature of bonds that are cleaved and formed, the 
nature of orbitals involved, stereochemical features, etc. If these issues 
are known, one may speak about the intimate mechanism. Consider the 
electrophilic bromination of ethene. This is an AdE (addition 
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2

electrophilic) process. Its stoichiometric equation (not stoichiometric 
mechanism!) is given by eq 1.1.1. 

H2C=CH2 + Br2    H2CBrCH2Br            (1.1.1) 

The stoichiometric mechanism of reaction 1.1.1 consists of three steps: 

H2C=CH2 + Br2  ⇄  -complex {H2C=CH2,Br2}        (1.1.2) 

-complex  ⇄  -complex {BrCH2CH2+} + Br-  (1.1.3) 

H2CBrCH2+ + Br-    H2CBrCH2Br           (1.1.4) 

The intimate mechanism of reaction 1.1.1 specifies key molecular 
orbitals involved and adds stereochemical details: 

+

+
+ Br-

+
+ Br-

Br Br

Br

  complex

complex

complex  

The information required for establishing a reaction mechanism is the 
following: 


