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Tables	  of	  exponen-ally	  averaged	  temperature	  ‘NT0’	  	  
to	  represent	  reac-ons	  Bexp[-‐A/(RT0)]	  with	  sinosoidal	  temperature	  varia-ons	  around	  T0	  

	  as	  Bexp[-‐A/R(’NT0’)]	  	  
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Represen-ng	  reac-ons	  of	  the	  type:	  Product/unit	  -me	  =	  Bexp[-‐A/RT]:	  	  
with	  sinusoidal	  seasonal	  temperature	  varia-ons	  

T=T0+T1*sin[month*2π/12]	  around	  average	  temperature	  T0	  
As:	  	  Bexp[-‐A/RNT0]	  

The	  plots	  on	  the	  next	  page	  	  show	  reac-on	  product	  forma-on	  “with/without”	  
sinusoidal	  seasonal	  temperature	  varia-on	  (x	  in	  month)	  :	  

1.45*1010 *exp[− ActivationEnergy kcal /mole
R*(T0 +T1 *sin[x* 2π /12])

], 0 ≤ x ≤120

1.45*1010 *exp[− ActivationEnergy kcal /mole
R*(T0 )

],

•  It	  is	  shown,	  that	  the	  increased	  reac1on	  product	  forma1on	  produced	  
by	  a	  sinusoidal	  temperature	  around	  T0	  with	  Ac1va1onEnergy	  ‘A’	  

•  	  can	  be	  represented	  by:	  
•  	  The	  same	  equa1on	  with	  the	  same	  Ac1va1onEnergy	  ‘A’	  
•  	  but	  increased	  temperature	  NT0	  

	  



Reac-on	  Product	  Forma-on	  Rate	  (µm/month)	  	  
With	  and	  Without	  Sinosoidal	  Reac-on	  Temperature	  Varia-on	  	  	  
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Reaction Productêmonthû TAverage= T0= 293, Temperature variation amplitude T1=15K Hin BLUEL

AND with T1 = 0 K Hin REDL
as fHTimeL



Reac-on	  Product	  Forma-on	  (µm),	  fixed	  Ac-va-on	  Energy	  20	  kcal/mole	  and	  T0=293	  	  
With	  and	  Without	  Sinosoidal	  Reac-on	  Temperature	  Varia-on	  	  	  
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Reaction Productû TAverageT0=293 with TvariationT1 = 15K Hin BLUE colorL
AND with TvariationT1 = 0K Hin RED colorL

as fHTimeL

The	  “blue”	  reac-on	  produces	  substan-ally	  more	  product.	  
The	  objec-ve	  is	  now	  to	  find	  a	  reac-on	  equa-on	  for	  the	  'red	  reac-on’	  that	  

would	  result	  -‐on	  average-‐	  in	  the	  same	  product	  forma-on	  as	  the	  'blue	  reac-on.	  



Objec-ve:	  	  
•  Find	  the	  temperature	  NT0	  	  (when	  T0,	  T1,	  and	  the	  ac-va-on	  energy	  A	  are	  known)	  

	  where	  the	  reac-on	  product	  formed	  during	  one	  sinosoidal	  cycle	  (	  1	  year):	  
•  At	  sinosoidal	  reac-on	  temperatures	  with	  amplitude	  T1	  around	  T0	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  is	  equal	  to	  
•  	  the	  reac-on	  product	  at	  the	  steady	  temperature	  NT0	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  i.e.	  when:	   exp[− ActivationEnergy kcal /mole
R*(T0 +T1 *sin[x* 2π /12])

]
0

12

∫ dx

=12 *exp[− ActivationEnergy kcal /mole
R*(NT0 )

]

The	  integral	  cannot	  be	  performed	  analy-cally.	  It	  must	  be	  evaluated	  numerically.	  The	  
equa-on	  is	  solved	  by	  a	  numerical	  “equa-on	  solver”	  (	  “Solve”	  in	  Mathema-ca),	  i.e.	  

…	  yielding	  at	  A=20kcal/moleK,	  T0=293K,	  T1=15K	  a	  value	  for	  NT0	  	  of	  NT0	  =	  298.268,	  	  
	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  i.e.	  about	  5.3°K	  higher	  than	  293°K.	  

Solve@
NIntegrate@

Exp@-HEactivationAê H1.9872041*10 ^-3LL êHTaverageT0293 + TvariationT1*Sin@p*xê6DLD, 8x, 0, 12<D ==
12 *Exp@-HEactivationAê H1.9872041*10 ^-3LL ê HNT0LD, NT0D

Solve::ifun : Inverse functions are being used by Solve, so
some solutions may not be found; use Reduce for complete solution information.á

Out[724]= 88NT0 Æ 298.268<<



Reac-on	  Product	  Forma-on	  (µm)	  at	  T0=293	  	  
With	  and	  Without	  Sinosoidal	  Reac-on	  Temperature	  Varia-on	  

And	  without	  Sinosoidal	  Reac-on	  Temperature,	  but	  NT0=298.268	  (dashed)	  	  

The	  reac-on	  equa-on	  with	  T0=293K	  increased	  to	  NT0=298.3K	  produces	  
the	  same	  product	  quan-ty	  at	  the	  end	  of	  each	  yearly	  cycle.	  



NT0	  tables	  
	  for	  a	  range	  of	  (T0,	  A,	  T1)	  values	  

•  T0	  (=average	  temperature)	  values	  
–  	  range	  from	  270°K	  to	  300°K	  

•  Ac-va-on	  energy	  A	  values	  
–  	  range	  from	  8	  to	  30	  kcal/mole°K	  	  

•  T1	  (=amplitude	  of	  sinosoidal	  temperature	  
varia-on)	  values	  
–  	  range	  from	  5°K	  	  to	  16°K	  
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Conclusion	  
•  A time dependent reaction  of the form:  

       A*Exp[-(EactivationA/(1.9872041*10^-3))/        #
#    # # #(TaverageT0+TvariationT1*Sin[[Pi]*month/6])] #

•  with a sinosoidically varying temperature, varying with 
amplitude TvariationT1 around TaverageT0,#

–  can be represented by the same type equation#
•   with an increased “New” constant temperature Taverage 

NT0 and the same activation energy EactivationA#
– The value of Taverage NT0 can be found by:#

•  using an equation solver (called 'Solve' in Mathematica, but 
probably available under other names in other programs).#

– The 'Solver' finds the value of Taverage NT0 : #
•  by requiring that the two reaction equations produce the 

same quantity of reaction product after one sinusoidal 
temperature cycle,#


