
Eq N-NO2 wag + Ring tr + tors 

Eq N-NO2 wag + Ring rot 

Ax N-NO2 wag + Ring rot 
      + Ring tors 

Eq twist 

Ax N-NO2 twist 

Ax N-NC2 umb + N-NO2 rock 

N-NC2 umb (ring tors) 

NNC + CNC bend (ring tors) 

Eq N-NC2 umb + NNC + CNC bend  

𝝎𝐦𝐚𝐱 = 176 cm-1  

N-NO2 stretch 

𝝎𝐦𝐚𝐱 



NCN bend 
Ax N-NC2 rock/twist 

NCN bend 
Eq N-NO2 wag 

Eq N-NC2 umb 
Ax N-NO2 rock 

Ax N-NC2 umb 
Eq N-NO2 rock 

N-NC2 umb N-NO2 twist 

NCN bend 
Eq N-NC2 rock/twist 

𝝎𝐦𝐚𝐱 = 152 cm-1  



C-NO2 twist C-C twist 

C-C(NO2)2 umb 

C-C(NH2) 2 rock 
+ C-NO2 rock 

C-NO2 rock 

C-C-NH2 bend 
+ C-NO2 rock 

𝝎𝐦𝐚𝐱 = 172 cm-1  

Highest 
libr freq 

C-C twist degenerated in the crystal 



Ring bend/tors 
+ C-NO twist 

Ring normal osc 
+ C-NO twist 

C-NO wag 

C-C-NO bend 
C-C-C bend 

N-CC2 umb 
(ring tors) 

C-C-NO bend 

Various ring 
bend/tors 
+ C-NO twist 

𝝎𝐦𝐚𝐱 = 153 cm-1  



C-NO2/C-NH2 rock 

Ring normal osc 
+ C-NH2 wag 

C-NO2 twist 
+ C-NH2 umb/twist 
+ Ring bend/tors 

C-NO2 twist 

𝝎𝐦𝐚𝐱 = 133 cm-1 (excl. C-NH2 wag) 

Ring 
bend/tors 

C-NO2 twist 
C-NH2 twist 

C-NH2 wag 

C-NO2 twist 
+ C-NH2 wag 



C-NO2 twist 

C-NO2 wag 
+ rock 

Ring twist along C···C sym axis 

Ring normal osc 
+ C-NO2 wag 

CN stretch + Ring deformation 

Ring twist along axis perpendicular to C···C sym axis 

𝝎𝐦𝐚𝐱 = 166 cm-1  



Ring normal osc 
+ C-NO2 wag C-NO2 rock 

Ring + C-NO2 

rocking 

C-N stretch 
+ Ring elongation 

Ring twist + relative C-NO2 twist 
along C···C sym axis 
along axis perpendicular to C···C sym axis 

C-N stretch 
+ Ring breathing Ring tors 

C-NO2 twist 

𝝎𝐦𝐚𝐱 = 152 cm-1  

Ring normal osc 
+ C-NO2 twist 



NO2/ring 
twist 

NO2/ring 
wag 

NO2/ring 
rock 

Ring twist 

C-NO2 stretch 

+ Degeneracy per pair of NTO planes 

NTO libr 

𝝎𝐦𝐚𝐱 = 171 cm-1  



𝝎𝐦𝐚𝐱 = 125 cm-1  

CO-NO2 wag 

C-CH2O twist 

OCH2 twist/wag 

ONO2 rock 

C-CH2ONO2 twist 



N-NO2 wag 

N-NO2 twist 

twist + wag 

N-NO2 twist 

twist + rock 

wag + rock 

Cage twist + N-NO2 wag + rock 

Cage twist + N-NO2 wag + rock 

Cage tors + N-NO2 rock 

Cage twist + N-NO2 rock 

𝝎𝐦𝐚𝐱 = 178 cm-1  

N-NO2 stretch 



N-NO2 wag + twist 

twist + wag 

twist + rock 

wag + twist 

N-NO2 twist 

rock + wag 

Cage twist + N-NO2 wag + rock 

Cage twist + N-NO2 wag + rock 

Cage tors+ N-NO2 wag + rock 

𝝎𝐦𝐚𝐱 = 158 cm-1  (excl. rock + wag) 



N-NO2 wag + twist 

twist + wag 

N-NO2 twist 

N-NO2 rock 

Cage twist + N-NO2 wag + rock 

Cage twist + N-NO2 wag + rock 

Cage tors+ N-NO2 wag + rock 

𝝎𝐦𝐚𝐱 = 199 cm-1  



N-NO2 wag  

wag + twist 

twist + wag 

twist 

wag + rock 

rock 

Cage twist + N-NO2 wag + rock 

Cage tors+ N-NO2 wag + rock 

rock + wag 

𝝎𝐦𝐚𝐱 = 153 cm-1  



Ax N-NC2 umb  

N-NO2 rock + tiny N-NO2 twist   

N-NO2 twist + tiny N-NO2 twist   

𝝎𝐦𝐚𝐱 = 166 cm-1  

N-NO2 twist + N-NO2 twist   

N-NO2 stretch + CNC bend (ring tors) 

N-NO2 stretch  Eq N-NC2 umb  



C-NO2 rock/scissor 

Ring normal osc 
+ C-NH2 wag  
+ C-NO2 twist 

C-NH2 wag  
+ C-NO2 twist 

C-NO2 twist 

Ring twist 
+ C-NH2/H wag  

𝝎𝐦𝐚𝐱 = 181 cm-1  



C-NO2 rock/scissor 

Ring normal osc 
+ C-NO2 twist 
+ C-NO2 wag 
+ C-NH2 wag 

C-NH2 wag 

C-NO2 twist 

Ring twist 

C-NO2/C-NH2 scissor 

𝝎𝐦𝐚𝐱 = 161 cm-1  



C-NO2 twist 
+ N-NO2 twist 
+ N-CH3 twist 

Ring norm osc 
+ C-NO2 wag/twist 
+ N-NO2 twist 
+ N-CH3 twist 

N-NO2 twist 
+ N-CH3 twist 

N-NO2 twist 
+ N-CH3 wag 

C-N-C bend 
N-CC2 umb 

Strong N-CH3 
twist (not in 
extracted 
molecule) 

𝝎𝐦𝐚𝐱 = 204 cm-1  

Ring twist along N-Ring-N axis + relative C-NO2 twist 
    Ring twist + relative C-N wag/rock 
        Ring twist + relative C-NO2 wag/rock/twist 



C-C-C bend 
+ C2C-N(O2) umb 
+ C-CC2 umb 

Ring twist 
+ C-NO2 twist/wag/rock 

Ring twist along C-Ring-NO2 axis 
+  relative C-NO2 twist 

𝝎𝐦𝐚𝐱 = 217 cm-1  



C-C-C bend 
+ C-C-N bend 
+ C2C-N(O2) umb 
+ N-CC2 umb 

Ring twist along H-Ring-NO2 axis 
+  relative C-NO2 twist 

𝝎𝐦𝐚𝐱 = 213 cm-1  



Ring twist along N-Ring-NO2 axis 
+  relative C-NO2 twist 

C-C-C bend 
+ C-C-N(H) bend 
+ C2C-N(O2) umb 

Ring twist/osc + C-NO2 rock/twist 

𝝎𝐦𝐚𝐱 = 227 cm-1  


