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Fresnel coefficients 

• 𝐾𝑝,𝑥 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖𝑐𝑜𝑠𝜃𝑡
 

• 𝐾𝑠,𝑦 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑖+𝑛𝑡𝑐𝑜𝑠𝜃𝑡
 

• 𝐾𝑝,𝑧 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖𝑠𝑖𝑛𝜃𝑡

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑡

𝑛′

2
 

??? 

the refractive indices: 
ni  → of the incident media 
nt → of the transmitted media  
n′ → of the monolayer  
Snell's Law: sinθt=(ni/nt)sinθi. 



• 𝐿𝑥𝑥 =
𝐸𝑡,𝑝

𝐸𝑖,𝑝

𝑐𝑜𝑠𝜃𝑡

𝑐𝑜𝑠𝜃𝑖
= 𝑡𝑝

𝑐𝑜𝑠𝜃𝑡

𝑐𝑜𝑠𝜃𝑖
=

2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑡+𝑛𝑡𝑐𝑜𝑠𝜃𝑖

𝑐𝑜𝑠𝜃𝑡

𝑐𝑜𝑠𝜃𝑖
=

2𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑖𝑐𝑜𝑠𝜃𝑡+𝑛𝑡𝑐𝑜𝑠𝜃𝑖
 ⇒ 

• 𝐿𝑦𝑦 = 𝑡𝑠 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑖+𝑛𝑡𝑐𝑜𝑠𝜃𝑡
 

• 𝐿𝑧𝑧 =
𝐸𝑡,𝑝

𝐸𝑖,𝑝

𝑠𝑖𝑛𝜃𝑡

𝑠𝑖𝑛𝜃𝑖
∙ 𝜁 = 𝑡𝑝

𝑠𝑖𝑛𝜃𝑡

𝑠𝑖𝑛𝜃𝑖
∙ 𝜁 =

2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑡+𝑛𝑡𝑐𝑜𝑠𝜃𝑖

𝑠𝑖𝑛𝜃𝑡

𝑠𝑖𝑛𝜃𝑖
 ∙ 𝜁 ⇒ 

∴  𝑛𝑖 𝑠𝑖𝑛𝜃𝑖 = 𝑛𝑡𝑠𝑖𝑛𝜃𝑡 

 

 

 

 

• 𝐿𝑥𝑥 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑖𝑐𝑜𝑠𝜃𝑡+𝑛𝑡𝑐𝑜𝑠𝜃𝑖
  

• 𝐿𝑦𝑦 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑖+𝑛𝑡𝑐𝑜𝑠𝜃𝑡
 

• 𝐿𝑧𝑧 =
2𝑛𝑡𝑐𝑜𝑠𝜃𝑖𝑠𝑖𝑛𝜃𝑡

𝑛𝑖𝑐𝑜𝑠𝜃𝑡+𝑛𝑡𝑐𝑜𝑠𝜃𝑖

𝑛𝑖

𝑛

2
 

ni 

nt 

ik rk

tk

qi qr 

Ei,p Er,p 

Et,p 

Interface x 
y 

z 

Ei,s Er,s 

Et,s 

𝜃t 

Fresnel coefficients 



∴ 𝑐𝑜𝑠𝜃𝑡 = 1 − sin2 𝜃𝑡 = 1 −
𝑛𝑖

𝑛𝑡

2
sin2 𝜃𝑖 =

𝑛𝑡𝑖
2 −sin2 𝜃𝑖

𝑛𝑡𝑖
=

𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

𝑛𝑡𝑖
    

𝐾𝑝,𝑥 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖𝑐𝑜𝑠𝜃𝑡
⇒  

 𝑅𝑒 𝐾𝑝,𝑥 =
2 (sin2 𝜃𝑖−𝑛𝑡𝑖

2 ) 

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2 , 𝐼𝑚 𝐾𝑝,𝑥 =
2𝑛𝑡𝑖

2 𝑐𝑜𝑠𝜃𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2 1/2

 

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2   

 

𝐾𝑠,𝑦 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑖+𝑛𝑡𝑐𝑜𝑠𝜃𝑡
⇒   

𝑅𝑒 𝐾𝑠,𝑦 =
2 cos2 𝜃𝑖 

1−𝑛𝑡𝑖
2 ,   𝐼𝑚 𝐾𝑠,𝑦 =

−2𝑐𝑜𝑠𝜃𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2 1/2

 

1−𝑛𝑡𝑖
2   

  

𝐾𝑝,𝑧 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑡

𝑛′

2
⇒ 

𝑅𝑒 𝐾𝑝,𝑧 =
2𝑛𝑡𝑖

2 cos2 𝜃𝑖

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2 , 𝐼𝑚 𝐾𝑝,𝑧 =
−2𝑐𝑜𝑠𝜃𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖

2 1/2
 

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2  

 

 

n 

Fresnel coefficients at TIR  

𝑠𝑖𝑛𝜃𝑡 =
𝑛𝑖

𝑛𝑡
𝑠𝑖𝑛 𝜃𝑖  

𝑛𝑡𝑖 =
𝑛𝑡

𝑛𝑖
 



𝐾𝑝,𝑥 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖𝑐𝑜𝑠𝜃𝑡
=

2𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

𝑛𝑡𝑖
2 𝑐𝑜𝑠𝜃𝑖+𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖

2
=

2𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2 𝑛𝑡𝑖

2 𝑐𝑜𝑠𝜃𝑖−𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

𝑛𝑡𝑖
4 𝑐𝑜𝑠2𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2   

⇒  𝑅𝑒 𝐾𝑝,𝑥 =
2 (sin2 𝜃𝑖−𝑛𝑡𝑖

2 ) 

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2 , 𝐼𝑚 𝐾𝑝,𝑥 =
2𝑛𝑡𝑖

2 𝑐𝑜𝑠𝜃𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2 1/2

 

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2  

 

𝐾𝑠,𝑦 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑖+𝑛𝑡𝑐𝑜𝑠𝜃𝑡
=

2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑖+𝑛𝑡

𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

𝑛𝑡𝑖

=
2𝑐𝑜𝑠𝜃𝑖

𝑐𝑜𝑠𝜃𝑖+𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

×
𝑐𝑜𝑠𝜃𝑖−𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖

2

𝑐𝑜𝑠𝜃𝑖−𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

=  

=
2𝑐𝑜𝑠𝜃𝑖 𝑐𝑜𝑠𝜃𝑖−𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖

2

𝑐𝑜𝑠2𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖
2   

⇒  𝑅𝑒 𝐾𝑠,𝑦 =
2 cos2 𝜃𝑖 

1−𝑛𝑡𝑖
2 ,   𝐼𝑚 𝐾𝑠,𝑦 =

−2𝑐𝑜𝑠𝜃𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2 1/2

 

1−𝑛𝑡𝑖
2   

  

𝐾𝑝,𝑧 =
2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖𝑐𝑜𝑠𝜃𝑡

𝑛𝑡

𝑛′

2
=

𝑛𝑡

𝑛′

2 2𝑛𝑖𝑐𝑜𝑠𝜃𝑖

𝑛𝑡𝑐𝑜𝑠𝜃𝑖+𝑛𝑖

𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖
2

𝑛𝑡𝑖

=
𝑛𝑡

𝑛′

2 2𝑐𝑜𝑠𝜃𝑖 𝑛𝑡𝑖
2 𝑐𝑜𝑠𝜃𝑖−𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖

2

𝑛𝑡𝑖
4 𝑐𝑜𝑠2𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2   

⇒ 𝑅𝑒 𝐾𝑝,𝑧 =
2𝑛𝑡𝑖

2 cos2 𝜃𝑖

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2 , 𝐼𝑚 𝐾𝑝,𝑧 =
−2𝑐𝑜𝑠𝜃𝑖 sin2 𝜃𝑖−𝑛𝑡𝑖

2 1/2
 

𝑛𝑡𝑖
4 cos2 𝜃𝑖+sin2 𝜃𝑖−𝑛𝑡𝑖

2  

 

 



𝜃𝑐=44° 

Kp,x 

Kp,z 

Ks,y  

𝐿𝑠,𝑦
𝑟 = 4𝜋𝑖

𝜔𝑠𝑢𝑚

𝑐

1

𝑛𝑖𝑐𝑜𝑠𝜃𝑟 + 𝑛𝑡𝑐𝑜𝑠𝜃𝑡
 

𝑅𝑒(𝐿𝑠,𝑦
𝑟 ) = 4𝜋

𝜔𝑠𝑢𝑚

𝑐

sin2 𝜃𝑟 − 𝑛𝑡𝑖
2  

1/2

𝑛𝑡𝑖(1 − 𝑛𝑡𝑖
2 ) 

 

𝐼𝑚(𝐿𝑠,𝑦
𝑟 ) = 4𝜋

𝜔𝑠𝑢𝑚

𝑐

𝑐𝑜𝑠𝜃𝑖

𝑛𝑡𝑖(1 − 𝑛𝑡𝑖
2 ) 

 

𝐿𝑠,𝑦
𝑟 = 4𝜋𝑖

𝜔𝑠𝑢𝑚

𝑐

1

𝑛𝑖𝑐𝑜𝑠𝜃𝑟 + 𝑛𝑡𝑐𝑜𝑠𝜃𝑡
= 4𝜋

𝜔𝑠𝑢𝑚

𝑐

𝑖

𝑛𝑖𝑐𝑜𝑠𝜃𝑟 + 𝑛𝑡𝑐𝑜𝑠𝜃𝑡
 

 

Snell’s law:   𝑠𝑖𝑛 𝜃𝑡 =
𝑛𝑖

𝑛𝑡
𝑠𝑖𝑛 𝜃𝑖 =

𝑠𝑖𝑛𝜃𝑖

𝑛𝑡𝑖
 

 

𝐿𝑠,𝑦
𝑟 = 4𝜋𝑖

𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

1

𝑐𝑜𝑠𝜃𝑟 + 𝑛𝑡𝑖 1 −
𝑠𝑖𝑛𝜃𝑖

𝑛𝑡𝑖

2

= 4𝜋
𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

𝑖

𝑐𝑜𝑠𝜃𝑟 + 𝑛𝑡𝑖
2 − sin2 𝜃𝑡

= 

= 4𝜋
𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

𝑖

𝑐𝑜𝑠𝜃𝑟 + 𝑛𝑡𝑖
2 − sin2 𝜃𝑡

= 4𝜋
𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

𝑖

𝑐𝑜𝑠𝜃𝑟 + 𝑖 sin2 𝜃𝑡 − 𝑛𝑡𝑖
2

= 4𝜋
𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

𝑖𝑐𝑜𝑠𝜃𝑟 + sin2 𝜃𝑡 − 𝑛𝑡𝑖
2

cos2 𝜃𝑟 + sin2 𝜃𝑡 − 𝑛𝑡𝑖
2 = 

 

= 4𝜋
𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

𝑖𝑐𝑜𝑠𝜃𝑟 + sin2 𝜃𝑡 − 𝑛𝑡𝑖
2

1 −𝑛𝑡𝑖
2 = 4𝜋

𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

(sin2 𝜃𝑡 − 𝑛𝑡𝑖
2 )1/2 

1 −𝑛𝑡𝑖
2 + 4𝜋

𝜔𝑠𝑢𝑚

𝑐𝑛𝑖

𝑖𝑐𝑜𝑠𝜃𝑟

1 −𝑛𝑡𝑖
2  

 

𝜃𝑟 is the angle of emission of the SF light  
Above the critical angle, the real and imaginary parts of 
Ls,y are given by: 

Since each Fresnel coefficient is at least a factor of 2 larger at 𝜃𝑐 than at normal incidence, it is evident that 
TIR at the critical angle can lead to very large increases in signal.  



The TIR geometry  

• plano-convex MgF2 lens  
• a diameter of 25.4 mm 
• radius of curvature of 59.9 mm 

• equilateral CaF2 prism  
• dimensions of 15×15 mm2 



Peak 
78° 48° 

Ratio Ratio 

SFS 

r+(2874 cm−1) 3.45 0.023 

rFR
+ (2936 cm−1) 2.78 0.032 

 Result 

Fig. 6. TIR SF spectra of Zn arachidate at the CaF2/air and CaF2/MgF2 interfaces: (a) 
θi=78°, pre-contact, (b) θi=78°, in-contact, (c) θi=48°, pre-contact, and (d) θi=48°, in-
contact. All spectra were recorded with an acquisition time of 30 s at each data point 
except (c), which was recorded with an acquisition time of 5 s at each data point. Laser 
powers used for spectra (a) and (b) were 300 μJ pulse−1 at 532 nm and 40 μJ pulse−1 in 
the IR. Laser powers used for spectra (c) and (d) were 500 μJ pulse−1 at 532 nm and 60 
μJ pulse−1 in the IR.  



• TIR 

• Fresnel coefficients at TIR 

 Summary 



The TIR geometry used for the SF  

𝑝𝑚 =
4𝐸𝑎

3𝜋𝑅
⇒  

𝑅 − the radius of curvature of the lens  
E − the reduced Young′s modulus of the 

two materials            

1

𝐸
=

1 − 𝜈1
2

𝐸1
  +

1 − 𝜈2
2

𝐸2
 

νi − the Poisson ratio 
Ei − the Young′s modulus of material i  
a − the radius of the contact spot 


