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Introduction: Structure of DNA •B form is the most common form. 

•Double right handed helix polymer. 

•Nucleotides are the building blocks, 
which are formed by a base, a sugar 
and a phosphate group. 

•Bases can be Purines (A, G) or 
Pyrimidines (T, C). 

•The sugar is a deoxyribose sugar. 

•The phosphate group act as structural 
support
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•Self assembly and self 
recognition 

•High transfer rates of 
charge 

•Spin selectivity (CISS Effect)

Introduction: Structure of DNA

Mayra Peralta. YachayTech University, 
Urcuquí, Ecuador.


Technical University of Dresden, Germany, 
March 25th 2022



[3] B Göhler, V Hamelbeck, TZ Markus, M Kettner, GF Hanne, Z Vager, R Naaman, and  H  Zacharias. Spin  selectivity  in  electron  transmission  
through  self-assembled monolayers of double-stranded dna. Science, 331(6019):894–897, 2011.

Introduction: DNA in the context of molecular spintronics 

Chiral Induced Spin Selectivity! (CISS Effect)

• Spintronics study: Inject, manipulate and 
detect spin polarization and spin polarized 
currents. 
• Individual molecules. 
• DNA properties: spin polarization, spin 

dependent transport, long distance 
electron transfer, chiral induced spin 
selectivity.
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Introduction: DNA in the context of molecular spintronics 

Chiral Induced Spin Selectivity! (CISS Effect)

Other amazing applications!
• Quantum information science, quantum 

computers 
• Sensors  
• Spin injection through molecules in 

spintronic devices 
• Spin selective chemistry
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• Better understanding of the electron 
transport process (including the spin) 
• What is the mechanism for the CISS 

effect? 
• Origin of the high electron and spin 

transfer, even at room temperature 
• Electron and spin-phonon coupling role in 

modulating and protecting these currents

Understanding the electron-phonon and spin-phonon interaction is fundamental to 
understand this effect!

Chiral Induced Spin Selectivity! (CISS Effect)

Introduction: DNA in the context of molecular spintronics 

Some open questions!
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Understanding the electron-
phonon and spin-phonon 

interaction is fundamental to 
understand this effect!

Introduction: DNA in the context of molecular spintronics 

• DFT. Challenging for the number of atoms 
in the unit cell. Expensive in time. The 
effect of spin selectivity is underestimated 
by these calculations 
• Analytical methods (Tight Binding). 

Atomistic derivations that can derive in 
Hamiltonians with the relevant 
interactions 

The importance of theoretical, 
analytical models in this context
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Outline
•Introduction 

•The Model 

• DNA structure model 

• The envelope function approximation 

• Inclusion of the vibrations 

•Electron-phonon interaction in DNA 

•Spin-phonon interaction in DNA 

•Conclusions
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The model: DNA structure model
B-DNA

Unpaired electrons at the pz orbitals

“Simple” analytical model

[5] L.G.D. Hawke, G. Kalosakas, and C. Simserides, Electronic parameters for charge transfer along DNA. Eur. Phys. J. E 32, 291–305 (2010).
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The model: DNA structure model
• B-form DNA with N sites per helix.

B-DNA

2

III. DNA STRUCTURE MODEL

In relevance with phonon and spin-orbit interactions
in physiological conditions and no specific base sequence
(electron transport is expected to be nearly sequence
independent[4]), B-form DNA was chosen as the basic
structure for the model, which is the usual form this
molecule takes.

FIG. 1. Structure of the double helix model of DNA in the
fixed basis {X,Y ,Z}. a) Side view with intra-helix, ⌧A,B

1,2 , and
inter-helix, ⌧3, base vectors and pitch, b. b) Top view of a
helix with rotation angle between two intra-helix bases, ��,
and radius, a. c) 3D view with chiral angle, ⌘, and rotating
system basis vectors {x,y,z}. Adapted from reference[3].

The structure was modeled with 2N nucleotides simpli-
fied as 2N sites of s and p orbitals connected with base
vectors, ⌧ . The model is a right handed double helix in
a fixed basis, {X,Y ,Z}, defined in figure 1, where Ẑ is
in the helix direction and X̂ and Ŷ are perpendicular. A
rotating system or local basis is also defined in figure 1c),
where x̂ is in the radial direction, ŷ is in the arc direction,
and ẑ is parallel to Ẑ.

The base or unit vectors are described in figure 2. Here,
⌧A,B

1,2 are the intra-helix unit vectors and ⌧3 is the inter-
helix unit vector.

The definitions of the vectors in the local coordinate sys-
tem of the basis A and B are:

⌧A,B

1 = a��ŷ +
b��

2⇡
ẑ, ⌧A,B

2 = �a��ŷ �
b��

2⇡
ẑ,

⌧3 = �2ax̂.
(9)

In a helix with the sites starting onto the X̂ axis, the
coordinates of the base, Ri

I
, where i = 0, 1, 2, · · ·N and

FIG. 2. A detailed view of the unit vectors connecting the
sites in the structure model of DNA with the fixed basis axes.
From this image, the three connecting vectors can be deduced
and these are defined in Eq. 9 in the rotating basis. The
amount of bases per turn in the model is actually ten not
six; this was drawn to ease the identification of b as the pitch.
The component in ŷ of ⌧1 is the arc resulting from the radius,
a, multiplied by the angle between sites, ��. The component
in ẑ of ⌧1 is the pitch, b, multiplied by the angle between each
site, ��, divided by 2⇡. ⌧3 has only a component in x̂ which
is �2a.

I = A,B, are given by:

Ri

I
= a cos[i��]X̂ + a sin[i��]Ŷ +

ib��

2⇡
Ẑ,

where the A site starts at the positive end of X̂ and site
B starts at the opposite end (signs for the first two terms
change to negative).
The high symmetry points of the first Brillouin zone

are defined, in the local coordinate system, by:

K =
⇡

2R2
(0, a��,

b��

2⇡
), K

0
= �K. (10)

These points correspond to the half filling of the bands.
Now, considering this structure, the model for the spin-

phonon interaction in DNA is presented in the next sec-
tion.

IV. SPIN-PHONON INTERACTION IN DNA

The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,

Vectors connecting nearest neighbors
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b��

2⇡
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Ẑ,

where the A site starts at the positive end of X̂ and site
B starts at the opposite end (signs for the first two terms
change to negative).
The high symmetry points of the first Brillouin zone

are defined, in the local coordinate system, by:

K =
⇡

2R2
(0, a��,

b��

2⇡
), K

0
= �K. (10)

These points correspond to the half filling of the bands.
Now, considering this structure, the model for the spin-

phonon interaction in DNA is presented in the next sec-
tion.

IV. SPIN-PHONON INTERACTION IN DNA

The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,

Intra-
helix

Inter-helix

Mayra Peralta. YachayTech University, 
Urcuquí, Ecuador.


Technical University of Dresden, Germany, 
March 25th 2022



The model: DNA structure model

• Modes in the double-helix DNA model.
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sites in the structure model of DNA with the fixed basis axes.
From this image, the three connecting vectors can be deduced
and these are defined in Eq. 9 in the rotating basis. The
amount of bases per turn in the model is actually ten not
six; this was drawn to ease the identification of b as the pitch.
The component in ŷ of ⌧1 is the arc resulting from the radius,
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in ẑ of ⌧1 is the pitch, b, multiplied by the angle between each
site, ��, divided by 2⇡. ⌧3 has only a component in x̂ which
is �2a.

I = A,B, are given by:

Ri

I
= a cos[i��]X̂ + a sin[i��]Ŷ +
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Now, considering this structure, the model for the spin-
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The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,
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and ẑ is parallel to Ẑ.
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The possible existence of quantum coherent processes in DNA at room temperature over significant
length scales, require addressing the magnitude of decoherent processes such as the electron-phonon
and spin-phonon coupling. Here we present a model using the envelope function approach to derive
the spin-phonon coupling in a tight-binding model of DNA where transport occurs on the ⇡ electrons
of the bases. The spin active interaction is the Spin-orbit coupling whose intensity is geometry
dependent.

I. INTRODUCTION

II. THE ENVELOPE FUNCTION
APPROXIMATION

The Schrodinger equation in a periodic lattice poten-
tial VL(r) under the influence of a slowly varying external
potential V (r) is:


p2

2me

+ VL(r)

�
 (r) + V (r) (r) = E (r). (1)

This has to be solved to calculate the bulk band structure
of the material. The solutions of Eq. 1 are Bloch waves of
the form:  nk(r) = Nunk(r)eikr, where n is the band in-
dex, N is the normalization factor and unk(r) are lattice-
periodic functions. This function has two parts and can
be written as:

 (r) ⇡ uk(r)F (r), (2)

where uk(r) is the Bloch function, a fast oscillating part
with the periodicity of the lattice; and F (r) is the plane
wave, a slowly varying part called the envelope function
and is only applicable in high-symmetry points of the
Brillouin zone[1, 2]. Using Eq. 2, the equation for the
envelope function considering only the n-th band is:

En(�i�)F (r) + V (r)F (r) = EF (r),

where En(�i�) is the operator obtained by replacing k
by �i� in the dispersion relation[3].

In DNA we have a basis of two sites labeled A and B,
therefore, the wavefunction is written as the superposi-
tion of these two sites as:

 (r) =
X

RA

 A(RA) (r�RA)+
X

RB

 B(RB) (r�RB),

(3)
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where  (r � RA,B) are the atomic orbitals centered at
the A and B sites. Substituting Eq. 3 into Eq. 1, the
expectation value of the Hamiltonian is:

� �0
X

l

 A(RA � ⌧l) = (E � EB) B(RB),

� �0
X

l

 B(RB + ⌧l) = (E � EA) A(RA),

where �0 is the nearest neighbor overlap integral, and
⌧l are the vectors connecting the sites[3]. Then the
wavefunctions used for the nearest neighbor tight-binding
model in a two sites system are:

 A�(RA) = eiK·RAFK
A�

(RA) + eiK
0
·RAFK

0

A�
(RA), (4)

and:

 B�(RB) = eiK·RBFK
B�

(RB) + eiK
0
·RBFK

0

B�
(RB). (5)

where FK,K0

A,B
are the slowly varying envelope functions

evaluated at connected positions RA and RB of the dou-
ble strand, � =", # indicates the spin, and K,K0 cor-
respond to the half filling points connected by the time
reversal operation. We simplify Eqs. (4) and (5) to:

 A�(RA) = A
†(RA)FA�(RA),

 B�(RB) = B
†(RB)FB�(RB),

(6)

where

A
†(RA) =

⇣
eiK·RA eiK

0
·RA

⌘
,

B
†(RB) =

⇣
eiK·RB eiK

0
·RB

⌘
,

(7)

and

FI�(RI) =

✓
FK
I�
(RI)

FK0

I�
(RI)

◆
; (8)

with I = A,B.
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III. DNA STRUCTURE MODEL

In relevance with phonon and spin-orbit interactions
in physiological conditions and no specific base sequence
(electron transport is expected to be nearly sequence
independent[4]), B-form DNA was chosen as the basic
structure for the model, which is the usual form this
molecule takes.

FIG. 1. Structure of the double helix model of DNA in the
fixed basis {X,Y ,Z}. a) Side view with intra-helix, ⌧A,B

1,2 , and
inter-helix, ⌧3, base vectors and pitch, b. b) Top view of a
helix with rotation angle between two intra-helix bases, ��,
and radius, a. c) 3D view with chiral angle, ⌘, and rotating
system basis vectors {x,y,z}. Adapted from reference[3].

The structure was modeled with 2N nucleotides simpli-
fied as 2N sites of s and p orbitals connected with base
vectors, ⌧ . The model is a right handed double helix in
a fixed basis, {X,Y ,Z}, defined in figure 1, where Ẑ is
in the helix direction and X̂ and Ŷ are perpendicular. A
rotating system or local basis is also defined in figure 1c),
where x̂ is in the radial direction, ŷ is in the arc direction,
and ẑ is parallel to Ẑ.

The base or unit vectors are described in figure 2. Here,
⌧A,B

1,2 are the intra-helix unit vectors and ⌧3 is the inter-
helix unit vector.

The definitions of the vectors in the local coordinate sys-
tem of the basis A and B are:

⌧A,B

1 = a��ŷ +
b��

2⇡
ẑ, ⌧A,B

2 = �a��ŷ �
b��

2⇡
ẑ,

⌧3 = �2ax̂.
(9)

In a helix with the sites starting onto the X̂ axis, the
coordinates of the base, Ri

I
, where i = 0, 1, 2, · · ·N and

FIG. 2. A detailed view of the unit vectors connecting the
sites in the structure model of DNA with the fixed basis axes.
From this image, the three connecting vectors can be deduced
and these are defined in Eq. 9 in the rotating basis. The
amount of bases per turn in the model is actually ten not
six; this was drawn to ease the identification of b as the pitch.
The component in ŷ of ⌧1 is the arc resulting from the radius,
a, multiplied by the angle between sites, ��. The component
in ẑ of ⌧1 is the pitch, b, multiplied by the angle between each
site, ��, divided by 2⇡. ⌧3 has only a component in x̂ which
is �2a.

I = A,B, are given by:

Ri

I
= a cos[i��]X̂ + a sin[i��]Ŷ +

ib��

2⇡
Ẑ,

where the A site starts at the positive end of X̂ and site
B starts at the opposite end (signs for the first two terms
change to negative).
The high symmetry points of the first Brillouin zone

are defined, in the local coordinate system, by:

K =
⇡

2R2
(0, a��,

b��

2⇡
), K

0
= �K. (10)

These points correspond to the half filling of the bands.
Now, considering this structure, the model for the spin-

phonon interaction in DNA is presented in the next sec-
tion.

IV. SPIN-PHONON INTERACTION IN DNA

The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,
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Ẑ,

where the A site starts at the positive end of X̂ and site
B starts at the opposite end (signs for the first two terms
change to negative).
The high symmetry points of the first Brillouin zone

are defined, in the local coordinate system, by:

K =
⇡

2R2
(0, a��,

b��

2⇡
), K

0
= �K. (10)

These points correspond to the half filling of the bands.
Now, considering this structure, the model for the spin-

phonon interaction in DNA is presented in the next sec-
tion.

IV. SPIN-PHONON INTERACTION IN DNA

The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,



The model: The envelope function 
approximation

3

FIG. 3. Graphical description of the hopping processes be-
tween atoms in DNA involving the ISOC. Here is represented
the hopping of an electron with spin � in the position RA,
to a neighboring atom in the position RA + ⌧A

1,2 with a spin
change to �0. All the process is modulated by the parameter
V in.

where the pz orbital is coupled to the px or py orbitals of
the same site, and overlaps the last orbital to the pz or-
bital of another site, with a spin-flip occurring in the last
step. The inter-helix term is only dependent on Rashba
coupling which is considered to be non existent in this
case. Taking these considerations, the model proposed
adds the intra-helix coupling term and the spin e↵ect as:

" A�(RA) =
2X

l=1

tinRA�,(RA+⌧A
l )� A�(RA + ⌧A

l
)

+
2X

l=1

V in

RA�,(RA+⌧A
l )�0 A�0(RA + ⌧A

l
)

+ toutRA�,(RA+⌧3)�
 B�(RA + ⌧3),

(11)

" B�(RB) =
2X

l=1

tinRB�,(RB+⌧B
l )� B�(RB + ⌧B

l
)

+
2X

l=1

V in

RB�,(RB+⌧B
l )�0 B�0(RB + ⌧B

l
)

+ toutRB�,(RB�⌧3)�
 A�(RB � ⌧3).

(12)

This model includes the spin-flip process in the term with
amplitude V , and the non spin-flip process in terms with
amplitude t. These amplitudes depend on the overlaps
between the orbitals involved in the hopping process, on
geometrical parameters of the double strand helix and,
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spin is considered in the ET process, it is necessary to
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How to include phonons?

These hopping parameters depend on the 
hybridization between atomic orbitals of 

different atoms involved in the process, and 
therefore, they depend on the distances 

between atoms

Atomic vibrations modulate the hopping 
parameters
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III. DNA STRUCTURE MODEL

In relevance with phonon and spin-orbit interactions
in physiological conditions and no specific base sequence
(electron transport is expected to be nearly sequence
independent[4]), B-form DNA was chosen as the basic
structure for the model, which is the usual form this
molecule takes.

FIG. 1. Structure of the double helix model of DNA in the
fixed basis {X,Y ,Z}. a) Side view with intra-helix, ⌧A,B

1,2 , and
inter-helix, ⌧3, base vectors and pitch, b. b) Top view of a
helix with rotation angle between two intra-helix bases, ��,
and radius, a. c) 3D view with chiral angle, ⌘, and rotating
system basis vectors {x,y,z}. Adapted from reference[3].

The structure was modeled with 2N nucleotides simpli-
fied as 2N sites of s and p orbitals connected with base
vectors, ⌧ . The model is a right handed double helix in
a fixed basis, {X,Y ,Z}, defined in figure 1, where Ẑ is
in the helix direction and X̂ and Ŷ are perpendicular. A
rotating system or local basis is also defined in figure 1c),
where x̂ is in the radial direction, ŷ is in the arc direction,
and ẑ is parallel to Ẑ.

The base or unit vectors are described in figure 2. Here,
⌧A,B

1,2 are the intra-helix unit vectors and ⌧3 is the inter-
helix unit vector.

The definitions of the vectors in the local coordinate sys-
tem of the basis A and B are:

⌧A,B

1 = a��ŷ +
b��

2⇡
ẑ, ⌧A,B

2 = �a��ŷ �
b��

2⇡
ẑ,

⌧3 = �2ax̂.
(9)

In a helix with the sites starting onto the X̂ axis, the
coordinates of the base, Ri

I
, where i = 0, 1, 2, · · ·N and

FIG. 2. A detailed view of the unit vectors connecting the
sites in the structure model of DNA with the fixed basis axes.
From this image, the three connecting vectors can be deduced
and these are defined in Eq. 9 in the rotating basis. The
amount of bases per turn in the model is actually ten not
six; this was drawn to ease the identification of b as the pitch.
The component in ŷ of ⌧1 is the arc resulting from the radius,
a, multiplied by the angle between sites, ��. The component
in ẑ of ⌧1 is the pitch, b, multiplied by the angle between each
site, ��, divided by 2⇡. ⌧3 has only a component in x̂ which
is �2a.

I = A,B, are given by:

Ri

I
= a cos[i��]X̂ + a sin[i��]Ŷ +

ib��

2⇡
Ẑ,

where the A site starts at the positive end of X̂ and site
B starts at the opposite end (signs for the first two terms
change to negative).
The high symmetry points of the first Brillouin zone

are defined, in the local coordinate system, by:

K =
⇡

2R2
(0, a��,

b��

2⇡
), K

0
= �K. (10)

These points correspond to the half filling of the bands.
Now, considering this structure, the model for the spin-

phonon interaction in DNA is presented in the next sec-
tion.

IV. SPIN-PHONON INTERACTION IN DNA

The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,

Breathing (radial) 
mode
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by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,
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FIG. 3. Graphical description of the hopping processes be-
tween atoms in DNA involving the ISOC. Here is represented
the hopping of an electron with spin � in the position RA,
to a neighboring atom in the position RA + ⌧A

1,2 with a spin
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where the pz orbital is coupled to the px or py orbitals of
the same site, and overlaps the last orbital to the pz or-
bital of another site, with a spin-flip occurring in the last
step. The inter-helix term is only dependent on Rashba
coupling which is considered to be non existent in this
case. Taking these considerations, the model proposed
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This model includes the spin-flip process in the term with
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between the orbitals involved in the hopping process, on
geometrical parameters of the double strand helix and,
in the case of V , there is also a dependence with the
atomic spin orbit parameter of p orbitals (for a detailed
derivation of these amplitudes in terms of the Slater and
Koster parameters see reference [5]). Finally, since the
spin is considered in the ET process, it is necessary to
include the spin in the wavefunctions that will be used
in the model.
The coupling with phonons is included in the same way

as presented in reference [3], where the hopping parame-
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A similar result is obtained with Eq. (12).
In Eqs. (13) and (15), uI is the vector displacement

of atoms A and B due to lattice vibrations. We express
these displacements in terms of the acoustic and optical
phonons by defining the acoustic u and optical v ampli-
tudes:

↵acu(r) = uA(r) + uB(r),

↵opv(r) = uA(r)� uB(r),
(18)

where ↵ac,op are the acoustical and optical parameters
respectively, and we have used the smoothing function to
smear out the point function uI(R) = uI(r). Then we
perform the Taylor series expansion around r in Eq. (18)

to obtain expressions for the intra-helix displacement:
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(15), (19), and (20) into Eq. (17), we get:
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where we have developed the products between A(RA)
and A

†(RA � ⌧A

l
); and A(RA) and B

†(RA � ⌧3),
and given that nothing depends on RA, we substituteP

RA
g(r�RA) = 1. Also, 1⌫ is the 2⇥2 unitary matrix

that defines the valley ⌫.

By operating all the products in Eq. (21) (see the Ap-
pendix for more detail), we obtain the equations:
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A similar result is obtained with Eq. (12).
In Eqs. (13) and (15), uI is the vector displacement
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FIG. 3. Graphical description of the hopping processes be-
tween atoms in DNA involving the ISOC. Here is represented
the hopping of an electron with spin � in the position RA,
to a neighboring atom in the position RA + ⌧A

1,2 with a spin
change to �0. All the process is modulated by the parameter
V in.

where the pz orbital is coupled to the px or py orbitals of
the same site, and overlaps the last orbital to the pz or-
bital of another site, with a spin-flip occurring in the last
step. The inter-helix term is only dependent on Rashba
coupling which is considered to be non existent in this
case. Taking these considerations, the model proposed
adds the intra-helix coupling term and the spin e↵ect as:
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This model includes the spin-flip process in the term with
amplitude V , and the non spin-flip process in terms with
amplitude t. These amplitudes depend on the overlaps
between the orbitals involved in the hopping process, on
geometrical parameters of the double strand helix and,
in the case of V , there is also a dependence with the
atomic spin orbit parameter of p orbitals (for a detailed
derivation of these amplitudes in terms of the Slater and
Koster parameters see reference [5]). Finally, since the
spin is considered in the ET process, it is necessary to
include the spin in the wavefunctions that will be used
in the model.
The coupling with phonons is included in the same way

as presented in reference [3], where the hopping parame-
ters are modulated by the lattice vibrations. We use the
following expressions:

tin,out
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V in
0 = �in

SO
⌫l = �in⌫l, where ⌫l = +1 for l = 1 and

⌫l = �1 for l = 2. In this amplitude, �in

SO
represents the

intrinsic spin-orbit coupling hopping parameter[5]).
We multiply both sides of Eqs. (11) and (12) byP
RA

A(RA)g(r�RA), where g(r�RA) is the smoothing
function defined in a vicinity r of RA, to smear out the
point functions FI�(R) = FI�(r), having for Eq. (11):
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III. DNA STRUCTURE MODEL

In relevance with phonon and spin-orbit interactions
in physiological conditions and no specific base sequence
(electron transport is expected to be nearly sequence
independent[4]), B-form DNA was chosen as the basic
structure for the model, which is the usual form this
molecule takes.

FIG. 1. Structure of the double helix model of DNA in the
fixed basis {X,Y ,Z}. a) Side view with intra-helix, ⌧A,B

1,2 , and
inter-helix, ⌧3, base vectors and pitch, b. b) Top view of a
helix with rotation angle between two intra-helix bases, ��,
and radius, a. c) 3D view with chiral angle, ⌘, and rotating
system basis vectors {x,y,z}. Adapted from reference[3].

The structure was modeled with 2N nucleotides simpli-
fied as 2N sites of s and p orbitals connected with base
vectors, ⌧ . The model is a right handed double helix in
a fixed basis, {X,Y ,Z}, defined in figure 1, where Ẑ is
in the helix direction and X̂ and Ŷ are perpendicular. A
rotating system or local basis is also defined in figure 1c),
where x̂ is in the radial direction, ŷ is in the arc direction,
and ẑ is parallel to Ẑ.

The base or unit vectors are described in figure 2. Here,
⌧A,B

1,2 are the intra-helix unit vectors and ⌧3 is the inter-
helix unit vector.

The definitions of the vectors in the local coordinate sys-
tem of the basis A and B are:

⌧A,B

1 = a��ŷ +
b��

2⇡
ẑ, ⌧A,B

2 = �a��ŷ �
b��

2⇡
ẑ,

⌧3 = �2ax̂.
(9)

In a helix with the sites starting onto the X̂ axis, the
coordinates of the base, Ri

I
, where i = 0, 1, 2, · · ·N and

FIG. 2. A detailed view of the unit vectors connecting the
sites in the structure model of DNA with the fixed basis axes.
From this image, the three connecting vectors can be deduced
and these are defined in Eq. 9 in the rotating basis. The
amount of bases per turn in the model is actually ten not
six; this was drawn to ease the identification of b as the pitch.
The component in ŷ of ⌧1 is the arc resulting from the radius,
a, multiplied by the angle between sites, ��. The component
in ẑ of ⌧1 is the pitch, b, multiplied by the angle between each
site, ��, divided by 2⇡. ⌧3 has only a component in x̂ which
is �2a.

I = A,B, are given by:

Ri

I
= a cos[i��]X̂ + a sin[i��]Ŷ +

ib��

2⇡
Ẑ,

where the A site starts at the positive end of X̂ and site
B starts at the opposite end (signs for the first two terms
change to negative).
The high symmetry points of the first Brillouin zone

are defined, in the local coordinate system, by:

K =
⇡

2R2
(0, a��,

b��

2⇡
), K

0
= �K. (10)

These points correspond to the half filling of the bands.
Now, considering this structure, the model for the spin-

phonon interaction in DNA is presented in the next sec-
tion.

IV. SPIN-PHONON INTERACTION IN DNA

The spin phonon interaction was included by consider-
ing a model similar to the one presented in reference [3],
by including the intrinsic spin-orbit coupling (ISOC).
The hopping integrals are build based on Slater and

Koster parameters, the modulation due to phonons and
the ISO e↵ect. This coupling is described in figure 3,

A                  B
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The full Schrodinger equation can be written as:
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The estimated values in addition to the previous ones,
were obtained from Varela[5]: �in

SO
= 0.671 meV.

The diagonal terms, �2Rtin
o
ky⌫, are the kinetic terms

that couple the intra-helix non spin-flip ET, which have
the same value as the electron-phonon model. The inter-
helix term with no spin-flip is �out†

A
tout†
o

for A ! B and

�out†
B

tout†
o

for B ! A, where each has three terms con-
taining both first and second order kinetic terms and
electron-phonon contribution.

By comparison with the previous results in reference
[3], it can be observed that the new results in Eq. 26 con-
tains the previous ones, thus the new results are additive
and the consequences should be too.

In the result obtained in this work, there are two terms
in the intra-helix spin-flip: the first order intrinsic SO
term and the spin-phonon contribution. The inter-helix
term with spin-flip is 0, which is due to the fact that the

Rashba e↵ect is not considered since no electric field is
present in the model.
Spin-phonon interaction a↵ects the intra-helix ET with

spin-flip process, where the optical and acoustical ampli-
tudes are both second order, but in the B site regime the
acoustical amplitude changes sign. There is also a first
order kinetic contribution.
The non spin-flip ET has twice more terms than in

the spin-flip process, which is mediated by the first order
kinetic and spin-phonon interactions. Then one would
expect that the process with less parameters, spin-flip,
will be more manipulable. Nevertheless, phonon ampli-
tudes are the ones that can be controlled in the model
thus only the spin-flip process and the inter-helix ET can
be tuned with the phonon bath.
The most important conclusion is the fact that optical

amplitudes appear at first order while acoustical ampli-
tudes appear at second order. Then in a set up where

A                  A                  B                  B
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BB@

�2tin0 f in(k)⌫ 2i�in

SO
�in⌫ tout0 fout(k) 0

�2i�in

SO
�in⌫ �2tin0 f in(k)⌫ 0 tout0 fout(k)

tout0 (fout(k))⇤ 0 �2tin0 f in(k) 2i�in

SO
�in⌫

0 tout0 (fout(k))⇤ �2i�in

SO
�in⌫ �2tin0 f in(k)⌫

1

CCA . (26)

The estimated values in addition to the previous ones,
were obtained from Varela[5]: �in

SO
= 0.671 meV.

The diagonal terms, �2Rtin
o
ky⌫, are the kinetic terms

that couple the intra-helix non spin-flip ET, which have
the same value as the electron-phonon model. The inter-
helix term with no spin-flip is �out†

A
tout†
o

for A ! B and

�out†
B

tout†
o

for B ! A, where each has three terms con-
taining both first and second order kinetic terms and
electron-phonon contribution.

By comparison with the previous results in reference
[3], it can be observed that the new results in Eq. 26 con-
tains the previous ones, thus the new results are additive
and the consequences should be too.

In the result obtained in this work, there are two terms
in the intra-helix spin-flip: the first order intrinsic SO
term and the spin-phonon contribution. The inter-helix
term with spin-flip is 0, which is due to the fact that the

Rashba e↵ect is not considered since no electric field is
present in the model.
Spin-phonon interaction a↵ects the intra-helix ET with

spin-flip process, where the optical and acoustical ampli-
tudes are both second order, but in the B site regime the
acoustical amplitude changes sign. There is also a first
order kinetic contribution.
The non spin-flip ET has twice more terms than in

the spin-flip process, which is mediated by the first order
kinetic and spin-phonon interactions. Then one would
expect that the process with less parameters, spin-flip,
will be more manipulable. Nevertheless, phonon ampli-
tudes are the ones that can be controlled in the model
thus only the spin-flip process and the inter-helix ET can
be tuned with the phonon bath.
The most important conclusion is the fact that optical

amplitudes appear at first order while acoustical ampli-
tudes appear at second order. Then in a set up where

At this order we can see that the spin 
is coupled to the stretching modes, 

while breathing modes are coupled to 
the non-spin-flipping elements of the 

Hamiltonian
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Conclusions
Intra-helix non spin-flip coupling only includes a second order kinetic term.
Electron-phonon interaction is only present between helices (In the breading 
modes) 
Spin-phonon interaction appears for inter helix elements
Breathing and stretching modes participating in ET

Future work
• To include the Rashba spin orbit interaction in the model
• Calculate transport properties including the electron and spin phonon 

interactions
• This model can be used to describe electron transfer in other organic molecules
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