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Transition State Theory 
Background:
• Developed to find chemical 

reaction rates 
• Based on classical mechanics
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Drawbacks:
• Not good for light elements and 

low temps 



Quantum Effects
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Tunneling:

Zero Point Energy:

𝐸! =
ℏ"𝜋"

2𝑚𝑙" 𝑛
" 	→ ΔxΔ𝑝 ≈ ℏ	where	Δ𝑥 ≈ 	𝑙	and	Δ𝑝 ≈

ℏ
𝑙 	→ 	𝐸#$! ≈

Δ𝑝"

2𝑚 ≈
ℏ"

2𝑚𝑙" ≠ 0

V



Comparison of Formalisms
Classical Mechanics:
• Deterministic, described by x(t) 

and p(t) of all particles present
• Rates of effusion are known
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Quantum Mechanics:
• Probabilistic, described by the 

wavefunction 𝜓(𝑥)
• Modify particle-in-a-box (P.I.B.) 

system to find quantum rates



Methodology
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Find Rates

Compare	known	and	numeric	PIB	
Results

𝜓 𝑥, 𝑦 =
2
L sin

𝑛𝜋𝑥
𝐿 sin

𝑛𝜋𝑦
𝐿

𝐸!,# =
ℏ$𝜋$

2𝑚𝐿$
(𝑛%$ + 𝑛#$)

Solver Validation 

Find	rate	constants,	k(T)

𝑘& 𝑇 =
1

𝑄& 𝑇
lim
'→)

𝐶*+ 𝑡

𝑘& 𝑇 =
1

𝑄& 𝑇
<
,

)
𝑑𝑡 𝐶** 𝑡

Add Slit

Add	slit	and	find	Ψ	by
solving	Schrödinger’s	Eqn.

>𝐻Ψ = 𝐸Ψ	

>𝐻 = −
ℏ$

2𝑚
𝜕$

𝜕𝑥$
+

𝜕$

𝜕𝑦$

for	effusion	system



Solver Validation
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P.I.B.



Quantum Effusion
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6 PT. Gap, 2 PT. Wall Thickness 10 PT. Gap, 2 PT. Wall Thickness

2 PT. Wall Thickness, 6 PT. Gap 10 PT. Wall Thickness, 6 PT. Gap



Rates at Different Gap Size
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6.52	×10-𝐻𝑧 3.04	×10.𝐻𝑧



Rates at Different Wall Thickness
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6.52	×10-𝐻𝑧 612.66	𝐻𝑧



Rates at Different Temperature
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6.52	×10-𝐻𝑧 3.04	×10/𝐻𝑧



Extrapolated Rates for 0 PT. Wall Thickness
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Future Work
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arXiv:1408.0996

RPMD

https://arxiv.org/abs/1408.0996
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Thank you!
Any Questions?
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Double Hydrogen Transfer via Tunneling
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𝑑𝑥, 𝑑𝑦 =
(𝐿#%&−𝐿#$!)
𝑛𝑥, 𝑛𝑦 ± 1

Discretization
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𝑑𝑥, 𝑑𝑦 =
(𝐿#%&−𝐿#$!)
𝑛𝑥, 𝑛𝑦 ± 1

≅

Discretization



Cfs Functions
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Flux: 
Number of particles 

through an area over time 

Side:
Product side of system

Correlation Function:
Describes a statistical 

relationship b/t quantities



Finding Rates
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𝑘 𝑇 =
1

𝑄' 𝑇
lim
(→*

𝐶+, 𝑡 	

𝑘 𝑇 =
𝑘-𝑇
2𝜋𝑚	 ⋅

𝐴
𝑉

𝑘-: Boltzmann Constant
𝐴: Size of slit opening
𝑉: Area of box

Quantum ApproachClassical Approach

𝑄' 𝑇 = S
!!,!"

exp −
𝑛&"𝜋"ℏ"

𝑘-𝑇2𝑚𝑙&"
⋅ exp −

𝑛/"𝜋"ℏ"

𝑘-𝑇2𝑚𝑙/"



Extrapolating Rates
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Kinetics using Correlation Functions
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