
Biomolekulen espektroskopia 
Sarrera orokorra 

𝐸 = ℎ · 𝑣 = ℎ ·
𝑐

𝜆
→ {

ℎ = 6,62608 · 10−34𝐽𝑠

𝑐 = 2,998 · 108
𝑚

𝑠
𝑣 = 𝑚𝑎𝑖𝑧𝑡𝑎𝑠𝑢𝑛𝑎

 

𝜈𝑖𝑘𝑢𝑠𝑙𝑒𝑎 = 𝜈𝑖𝑔𝑜𝑟𝑘𝑒𝑎√
1+

𝑠

𝑐

1 −
𝑠

𝑐

→ 𝑠 = 𝑖𝑔𝑜𝑟𝑙𝑒𝑎𝑟𝑒𝑛 𝑎𝑏𝑖𝑎𝑑𝑢𝑟𝑎 

Trantsizioak 
Errotazionalak  

𝐸𝑗 = 𝐽(𝐽 + 1)
ℎ2

2𝐼
= 𝐽(𝐽 + 1)ℎ𝑐𝐵 → 𝐵 =

ℎ

4𝜋𝑐𝐼
 

𝐼 = 𝑚 · 𝑟2 =
𝑚1 +𝑚2

𝑚1 · 𝑚2
𝑟2 

{
𝐽 = 𝑧𝑒𝑛𝑏𝑎𝑘𝑖 𝑘𝑢𝑎𝑛𝑡𝑖𝑘𝑜 𝑒𝑟𝑟𝑜𝑡𝑎𝑧𝑖𝑜𝑛𝑎𝑙𝑎

𝐼 = 𝑖𝑛𝑒𝑟𝑡𝑧𝑖𝑎 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑎
𝑐 = 𝑎𝑟𝑔𝑖𝑎𝑟𝑒𝑛 𝑎𝑏𝑖𝑎𝑑𝑢𝑟𝑎 ℎ𝑢𝑡𝑠𝑒𝑎𝑛

 

Bibrazionalak  

𝐸𝑣 = (𝑉 +
1

2
)ℎ𝜔 = (𝑉 +

1

2
)ℎ𝑐𝑣̃ → 𝑣̃ =

1

2𝜋𝑐
𝜔 → ℎ =

ℎ

2𝜋
 

𝑉 =
1

2
𝑘𝑥2 → 𝜔 = √

𝑘

𝜇

→

{
 
 

 
 
𝑉 = 𝑧𝑒𝑛𝑏𝑎𝑘𝑖 𝑘𝑢𝑎𝑛𝑡𝑖𝑘𝑜 𝑏𝑖𝑏𝑟𝑎𝑧𝑖𝑜𝑛𝑎𝑙𝑎

𝜔 = 𝑎𝑏𝑖𝑎𝑑𝑢𝑟𝑎 𝑎𝑛𝑔𝑒𝑙𝑢𝑎𝑟𝑟𝑎
𝑣̃ = 𝑢ℎ𝑖𝑛 𝑧𝑒𝑛𝑏𝑎𝑘𝑖𝑎

𝑘 = 1,3806 · 10−23
𝐽

𝐾

 

Elektronikoak  

𝐸𝑛 =
ℎ𝑐𝑅𝐻𝑧

2

𝑛2
→ {

𝑛 = 𝑧𝑒𝑛𝑏𝑎𝑘𝑖 𝑘𝑢𝑎𝑛𝑡𝑖𝑘𝑜 𝑛𝑎𝑔𝑢𝑠𝑖𝑎
𝑅𝐻 = 𝐻 𝑎𝑡𝑜𝑚𝑜𝑎𝑟𝑒𝑛 𝑒𝑟𝑟𝑎𝑑𝑖𝑜𝑎

𝑧 = 𝑧𝑒𝑛𝑏𝑎𝑘𝑖 𝑎𝑡𝑜𝑚𝑖𝑘𝑜𝑎

 

𝐸1
𝐸0
= 𝑒−

∆𝐸

𝐾𝑇 

UM ikusgaia, xurgapen espektroskopikoa 

𝑇 =
𝐼

𝐼0
→ 𝐴 = − log 𝑇 = − log

𝐼

𝐼0
= 𝑘 · 𝑙 = 𝜀 · 𝑐 · 𝑙 

𝜀𝑏 ≠ 𝜀𝑐 → {
𝐴1 = 𝜀1

𝑏[𝐵] + 𝜀1
𝑐[𝐶]

𝐴2 = 𝜀2
𝑏[𝐵] + 𝜀2

𝑐[𝐶]
 

Igorpen espektroskopia 

Φ =
𝑘𝐹

𝑘𝐹 + 𝑘𝑁𝑅
=
𝑖𝑔𝑜𝑟. 𝑓𝑜𝑡𝑜𝑖 𝑘𝑜𝑝.

𝑥𝑢𝑟𝑔. 𝑓𝑜𝑡𝑜𝑖 𝑘𝑜𝑝.
= 𝑒𝑟𝑟𝑒𝑛. 𝑘𝑢𝑎𝑛𝑡𝑖𝑘𝑜𝑎 

𝐼𝑓 = 𝐼𝑎𝑏𝑠Φ 

𝜏 =
1

𝑘𝐹 + 𝑘𝑁𝑅
= 𝑏𝑖𝑧𝑖 𝑑𝑒𝑛𝑏𝑜𝑟𝑎 → 𝜏𝑁 =

1

𝑘𝐹
=
𝜏

Φ
 

Zunda fluoreszentea 

𝐺𝑃𝑜𝑥 =
𝐼𝐵 − 𝐼𝑅
𝐼𝐵 + 𝐼𝑅

 

{
𝐼𝐵: 𝑓𝑎𝑠𝑒 𝑧𝑢𝑟𝑟𝑢𝑛𝑒𝑘𝑜 𝑙𝑎𝑢𝑟𝑑𝑎𝑛𝑜𝑎𝑟𝑒𝑛 𝑖𝑔𝑜𝑟𝑝𝑒𝑛𝑒𝑘𝑜 𝜆 𝑚𝑎𝑥
𝐼𝑅: 𝑙𝑖𝑘𝑖𝑑𝑜 𝑜𝑟𝑑𝑒𝑛𝑎𝑡𝑢𝑘𝑜 𝑒𝑑𝑜 𝑓𝑙𝑢𝑖𝑑𝑜𝑘𝑜 𝑖𝑔𝑜𝑟𝑝𝑒𝑛𝑒𝑘𝑜 𝜆𝑚𝑎𝑥

 

Iraungitzea 

Dinamikoa 

𝐹0
𝐹
= 1 + 𝐾𝑆𝑉[𝑄] =

𝜏0
𝜏

 

𝐾𝑆𝑉 = 𝐾𝐷 → 𝐾𝐷 = 𝑘𝑞𝜏0 →
𝜏0
𝜏
= 1 + 𝑘𝑞𝜏0[𝑄] 

Estatikoa 

𝐹0
𝐹
= 1 + 𝐾𝑆[𝑄] →

𝜏0
𝜏
= 1 

Konbinatua 

𝐹0
𝐹
= (1 + 𝑘𝑞𝜏0[𝑄]) · (1 + 𝐾𝑆[𝑄]) = 1 + 𝐾𝑎𝑝𝑝[𝑄] 

𝐾𝑎𝑝𝑝 = (
𝐹0
𝐹
− 1)

1

[𝑄]
= 𝐾𝐷 +𝐾𝑆 +𝐾𝐷 · 𝐾𝑆[𝑄] 

FRET 

𝑎𝑏𝑖𝑎𝑑𝑢𝑟𝑎 𝑘𝑡𝑒 = 𝑘𝑇 = (
1

𝜏𝑑
) (
𝑅0
𝑅
)
6

 

𝑒𝑓𝑖𝑧𝑖𝑒𝑛𝑡𝑧𝑖𝑎 = 𝑅0 = 0.211(𝑛
−4𝑄𝑑𝐾

2𝐽)1/6 

𝐸 =
𝑘𝑇

𝑘𝑇 + ∑ 𝑘𝑖𝑖≠𝑇
 

 

{
  
 

  
 

𝑘𝑇 = 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑒𝑛𝑡𝑧𝑖𝑎𝑟𝑒𝑛 𝑣𝑘𝑡𝑒
𝑘𝑖 = 𝑏𝑒𝑠𝑡𝑒 𝑝𝑟𝑜𝑧𝑒𝑠𝑢 𝑏𝑖𝑑𝑒𝑧𝑘𝑜 𝑒𝑟𝑙𝑎𝑥𝑎𝑧𝑖𝑜 𝑝𝑟𝑜𝑧𝑒𝑠𝑢𝑒𝑛 𝑣 𝑘𝑡𝑒

𝑛 = 𝑚𝑒𝑑𝑖𝑜𝑎𝑟𝑒𝑛 𝑒𝑟𝑟𝑒𝑓𝑟𝑎𝑧𝑖𝑜 𝑖𝑛𝑑𝑖𝑧𝑒𝑎 (1,2 − 1,4)

𝑄𝑑 = 𝑒𝑚𝑎𝑖𝑙𝑒𝑎𝑟𝑒𝑛 𝑒𝑟𝑟𝑒𝑛𝑑𝑖𝑚𝑒𝑛𝑑𝑢 𝑘𝑢𝑎𝑛𝑡𝑖𝑘𝑜𝑎 ℎ𝑎𝑟𝑡𝑧𝑎𝑖𝑙𝑒𝑟𝑖𝑘 𝑔𝑎𝑏𝑒

𝐾2 = 𝑑𝑖𝑝𝑜𝑙𝑜 − 𝑑𝑖𝑝𝑜𝑙𝑜 𝑒𝑙𝑘𝑎𝑟𝑟𝑒𝑘𝑖𝑛𝑡𝑧𝑎𝑟𝑒𝑛 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑧𝑖𝑜 𝑓𝑎𝑘𝑡𝑜𝑟𝑒𝑎
𝐽 = 𝑔𝑎𝑖𝑛𝑒𝑧𝑎𝑟𝑘𝑒𝑡𝑎 𝑒𝑠𝑝𝑒𝑘𝑡𝑟𝑎𝑙𝑎𝑟𝑒𝑛 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑙 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑢𝑎

 

𝐸 = 1 −
𝜏𝑑𝑎
𝜏𝑑

; 𝐸 = 1 −
Φ𝑑𝑎
Φ𝑑

 

𝐸 = [(
𝑅

𝑅0
)
6

+ 1]

−1

=
𝑅0
6

(𝑅0
6 + 𝑅6)

 

𝑅 = (
1

𝐸
− 1)

1

6

𝑅0 

{
𝑅 = 𝑒𝑚𝑎𝑖𝑙𝑒 −  ℎ𝑎𝑟𝑡𝑧𝑎𝑖𝑙𝑒𝑎𝑟𝑒𝑛 𝑎𝑟𝑡𝑒𝑘𝑜 𝑑𝑖𝑠𝑡

𝑅0 = 𝐹ö𝑠𝑡𝑒𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑡𝑧𝑖𝑎
 

Polarizazioa eta anisotropía  

𝑃 =
𝐼∥−𝐼⊥
𝐼∥+𝐼⊥

;  𝑟 =
𝐼∥−𝐼⊥
𝐼∥+2𝐼⊥

 

 



Errotazioren eragina 

𝑟0 =
2

5

(3 cos2 𝛽 − 1) 

2
= 𝑎𝑛𝑖𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑎 𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙𝑎 

Zuzenketa faktorearekin 

𝐺 =
𝐼𝐻𝑉
𝐼𝐻𝐻

; 𝑟 =
𝐼𝑉𝑉−𝐼𝑉𝐻
𝐼𝑉𝑉+2𝐺𝐼𝑉𝐻

 

Asoziazio konstantea 

𝑟 = 𝑟𝑓𝑓𝑓 + 𝑟𝑏𝑓𝑏 → 𝑓𝐵 =
𝑟 − 𝑟𝑓

Δ𝑟 − 𝑟𝑓
 

𝐾 =
𝐹𝐵
𝐹𝐹

 

Difusio errotazioanala 

𝑟(𝑡) = 𝑟0 exp
[−

𝑡

𝜃
]
=𝑟0𝑒𝑥𝑝

[−6𝐷𝜏] 

𝑟 =
𝑟0

1 + (
𝜏

𝜃
)
=

𝑟0
1 + (6𝐷𝜏)

 

{

𝜏 = 𝑏𝑖𝑧𝑖 𝑑𝑒𝑛𝑏𝑜𝑟𝑎
𝜗 = 𝑘𝑜𝑟𝑟𝑒𝑙𝑎𝑧𝑖𝑜 𝑒𝑟𝑟𝑜𝑡𝑎𝑧𝑖𝑜𝑛𝑎𝑙𝑎𝑟𝑒𝑛 𝑑𝑒𝑛𝑏𝑜𝑟𝑎

𝐷 = 𝑑𝑖𝑓𝑢𝑠𝑖𝑜 𝑒𝑟𝑟𝑜𝑡𝑎𝑧𝑖𝑜𝑛𝑎𝑙𝑎𝑟𝑒𝑛 𝑘𝑜𝑒𝑓
𝑟0 = 𝑑𝑖𝑠𝑜𝑙𝑢𝑧𝑖𝑜 𝑘𝑟𝑖𝑠𝑡𝑎𝑙𝑖𝑛𝑜 𝑏𝑎𝑡𝑒𝑛 𝑎𝑛𝑖𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑎

 

𝜃 =
𝜂𝑉

𝑅𝑇
=
𝜂𝑀

𝑅𝑇
(𝑣̅ + ℎ) 

Perrin ekuazioa 

1

𝑟
=
1

𝑟0
+
𝑅𝑇𝜏

𝑟0𝜂𝑉
→ (

1

𝑝
−
1

3
) = (

1

𝑝0
−
1

3
) (1 +

𝜏𝑅𝑇

𝑛𝑉
) 

Denboran ebatzitako espektroskopia  

𝐹(𝑡) =  𝐹0 exp (−
𝑡

𝜏
) 

Dikroismo zirkularra 

[𝜃]𝜆 =
𝜃

10𝑛𝑐𝑙
→ {

𝑛 = 𝑙𝑜𝑡𝑢𝑟𝑎 𝑝𝑒𝑝𝑡𝑖𝑑𝑖𝑘𝑜 𝑘𝑜𝑝𝑢𝑟𝑢𝑎
𝑐 = 𝑙𝑎𝑔𝑖𝑛𝑎𝑟𝑒𝑛 𝑘𝑜𝑛𝑡𝑧𝑒𝑛𝑡𝑟𝑎𝑧𝑖𝑜𝑎

𝜃 = 𝑒𝑙𝑖𝑝𝑡𝑖𝑧𝑖𝑡𝑎𝑡𝑒𝑎
𝑙 = 𝑝𝑎𝑠𝑢 𝑜𝑝𝑡𝑖𝑘𝑜𝑎

 

𝜃𝑡 = 𝑥𝛼𝜃𝛼 + 𝑥𝛽𝜃𝛽 + 𝑥𝑐𝜃𝑐 

 

Argiaren dispertsioa 

𝑅𝜃 =
𝑖

𝐼0
=
16𝜋4𝛼2𝑠𝑖𝑛2ϕ

𝑟2𝜆4
→ {

𝛼 = 𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑏𝑖𝑙𝑖𝑡𝑎𝑡𝑒𝑎
𝑟 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑡𝑧𝑖𝑎

 

𝑅𝜃 =
2𝜋2𝑛0

2 (
𝑑𝑛

𝑑𝐶
)
2

𝑁𝜆4
𝐶𝑀 = 𝐾𝐶𝑀 

{
 
 
 

 
 
 

𝑛0 = 𝑑𝑖𝑠𝑜𝑏𝑎𝑡𝑧𝑎𝑖𝑙𝑒𝑎𝑟𝑒𝑛 𝑅𝐼
𝑑𝑛

𝑑𝐶
= 𝑒𝑟𝑟𝑒𝑓𝑟𝑎𝑘𝑧𝑖𝑜 𝑖𝑛𝑑𝑖𝑧𝑒𝑎, 𝑘𝑜𝑛𝑡𝑧𝑒𝑛𝑡𝑟𝑎𝑧𝑖𝑜𝑎𝑟𝑒𝑛 𝑎𝑟𝑎𝑏𝑒𝑟𝑎

𝑁 = 𝑝𝑎𝑟𝑡𝑖𝑘𝑢𝑙𝑎 𝑘𝑜𝑝𝑢𝑟𝑢𝑎

𝐶 = 𝑘𝑜𝑛𝑡𝑧𝑒𝑛𝑡𝑟𝑎𝑧𝑖𝑜𝑎 (
𝑔

𝐿
)

𝑀 = 𝑚𝑎𝑠𝑎 𝑚𝑜𝑙𝑒𝑘𝑢𝑙𝑎𝑟𝑟𝑎
𝐾 = 𝑘𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 𝑜𝑝𝑡𝑖𝑘𝑜𝑎

 

𝑃𝜃 =
𝑒𝑟𝑟𝑒𝑎𝑙 𝑅𝜃
𝑡𝑥𝑖𝑘𝑖𝑅𝜃

 (𝜃 = 𝑒𝑡𝑎𝑛) 

𝑃𝜃 = 1 +
16𝜋2𝑛0

2𝑅𝐺
2

3𝜆0
2 sin2 (

𝜃

2
) 

Zimm irudikapen 

𝐾𝐶

𝑅𝜃
= (

1

𝑀
+ 2𝐴2𝐶)𝑃𝜃 , 𝑄 = (

4𝜋𝑛

𝜆
) sin (

𝜃

2
)  

𝑅𝐻 =
𝐾𝐵𝑇

6𝜋𝜂𝐷
→ {

𝐴2 = 𝑘𝑜𝑒𝑓𝑖𝑧𝑖𝑒𝑛𝑡𝑒 𝑏𝑖𝑟𝑎𝑙𝑎

𝐾𝐵 = 1,3806488 · 10
−23𝐽𝐾−1

 

𝑇 =
16𝜋

3
𝑅𝜃 𝑒𝑡𝑎 𝐴 = − log𝑇 

𝑉𝑒𝑠𝑓 =
4

3
𝜋𝑟3 

𝑃𝑒𝑠𝑓 = 2𝜋𝑟 

NMR 

𝛾 =
𝜇

𝑃
→ {

𝛾 = 𝑘𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑒 𝑚𝑎𝑔𝑛𝑒𝑡𝑜𝑔𝑖𝑟𝑖𝑘𝑜𝑎
𝜇 = 𝑚𝑜𝑚𝑒𝑛𝑡𝑢 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑘𝑜𝑎
𝑃 = 𝑚𝑜𝑚𝑒𝑛𝑡𝑢 𝑎𝑛𝑔𝑒𝑙𝑢𝑎𝑟𝑟𝑎

 

𝜇 − 𝑟𝑒𝑛 𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑧𝑖𝑜 𝑝𝑜𝑠𝑖𝑏𝑙𝑒𝑎𝑘 = 2𝐼 + 1 

𝑣 =
𝛾𝐵0
2𝜋

→ 𝑣 = 𝐿𝑎𝑚𝑜𝑢𝑟 − 𝑒𝑛 𝑚𝑎𝑖𝑧𝑡𝑎𝑠𝑢𝑛𝑎 → ∆𝐸 = ℎ ·
𝛾𝐵0
2𝜋

 

𝑁𝛼

𝑁𝛽
= 𝑒

∆𝐸

𝑘𝑇 → 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛 − 𝑒𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑧𝑖𝑜 𝑙𝑒𝑔𝑒𝑎 

𝐵𝑛𝑢𝑘𝑙𝑒𝑜𝑎 = 𝐵0 + 𝐵
′
𝑒𝑙𝑒𝑘𝑡𝑟𝑜𝑖𝑎𝑘 

𝛿 = (
𝑣𝑠 − 𝑣𝑒
𝑣𝑒

) · 106 → 𝑑𝑒𝑠𝑝𝑙𝑎𝑧𝑎𝑚𝑒𝑛𝑑𝑢 𝑘𝑖𝑚𝑖𝑘𝑜𝑎 

 

  



UM - ikusgaia 
Kromoforoa λ (nm) ε Kitzikapena 

C = C 171 15000 π → π* 

C ≡ C 180 10000 π → π* 

C = O 290/180 15/10000 n → π*/ π* → π 

N = O 275/200 17/5000 n → π*/ π → π* 

-C/X = Br/X = I 205/255 200/360 n → σ*/n → σ* 

Trp 278 5500  

Tyr 274 1490  

Cys - 125  

Phe 258  

A 261 

G 273 

U 258 

T 264 

C 265 

NMR 

 

 

DZ 
αhelizea βorria Desegituratua βbirak Poli – prolina 

helizeak 

Banda intentsoak Aurrekoakbainointentsitategutxiagoko 
banda aldakorrak 

   

Banda positibo oso 
intentsoa 190nm – tan 

Banda positiboa 195nm – tan  Banda positiboa 
205nm – tan 

Banda positiboa 
210 – 230nm – tan. 

Banda negatiboak 208 
eta 222nm – tan 

Banda negatiboa 217nm – tan, 
aldakorra 

Banda negatiboa 
200nm - tan 

Banda negatiboak 
220 – 2030nm – 
tan (ahula) eta 180 
– 190nm – tan 
(intentsoa) 

Banda negatiboa 
190nm - tan 

Espektroskopiabibrazionala 
Proteinak  

Konformazioa Amida I Amida II (cm-1) Amida III (cm-1) 

H2O (cm-1) D2O (cm-1) 

αhelizea 1648 – 1655 1648 – 1655 1540 - 1550 1330 - 1295 

βorriantiparaleloa 1630 – 1636 edo 1690 - 1693 1628 – 1638 edo 1672 - 1678 1520 - 1525 1250 - 1220 

βorriparaleloa 1630 edo 1645 1632 edo 1648 

Desegituratuta 1646 - 1660 1643   

Agregatuak 1618 – 1682   

Begiztak 1660 - 1700   

 

Maiztasuna (cm-1) Bibrazio mota 

3490 edo 3280 Tentsioa H – O – H  
3380 Tentsioa H – O(D) 

2540 edo 2450 Tentsioa D – O – D 
2500 Tentsioa D – OH  

2125 H2O 

1645 Flexioa H – O - H 
1555 D2O 

1455 Flexioa H – O – D  

1215 Flexioa D – O – D  
 

 

 

 



Lipidoak 

Maiztasuna (cm-1) Bibrazio mota 

3012 Tentsioa C – H 
2956 Tentsioasimetrikoa CH3 

2920 Tentsioantisimetrikoa CH3 
2873 Tentsiosimetrikoa CH3 

2851 Tentsiosimetrikoa CH2 

1473 Flexio CH2 guraizean 
1468 Flexio CH2 guraizean (hexagonala) 

1472 Flexio CH2 guraizean (ortorrombikoa) 

1460 Flexioasimetrikoa CH3 
1378 Flexiosimetrikoa CH3 

1385 Flexiosimetrikoaisopropiloan 

1343 Tortsioflexioa CH2 (wagging) 
720 Flexiokulunka CH2 (rocking) 

730 Flexiokulunka CH2 ortorrombikoa 
718 Flexiokulunka CH2 triklinikoa 

 

Azidonukleikoak  

Maiztasuna (cm-1) Taldea 

2960 – 2850 CH2 tortsioa 

1705 – 1690 RNA C = O tortsioa 
1660 – 1655  DNA C = O tortsioa, N – H tolesketa 

1610 C = C imidazoltortsioa 
1578 C = N imidazoltortsioa 

1244 RNA fosfato tortsioasimetrikoa 
1230 DNA fosfato tortsioasimetrikoa 

1218 RNA C – H tolesketa 
1160 – 1120 RNA ribosa C – O tortsioa 

1089 DNA fosfato tortsiosimetrikoa 
1084 RNA fosfato tortsiosimetrikoa 
1060 - 1050 Erribosa C – O tortsioa 

1038 RNA erribosa C – O tortsioa 
1015 DNA erribosa C – O tortsioa 

996 RNA urazilotortsioa 
970 - 916 DNA erribosa – fosfato mugimendua 

 


