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1 Polarizability

1.1 αxx

To calculate the dipole polarizability we should consider all the possible transition with

one quanta excitation from ground state. Therefore the possible transitions are (0x0y0z →

nxnynz) :

000→ 100, 000→ 010, 000→ 001

The general expression for calculating the polarizability is:

ααβ =

′∑
nxnynz

〈000| µ̂α |nxnynz〉 〈nxnynz| µ̂β |000〉
En − E0

+
〈nxnynz| µ̂α |000〉 〈000| µ̂β |nxnynz〉

En − E0

(1)

Similarly the expression for αxx is:

αxx =

′∑
nxnynz

〈000| µ̂x |nxnynz〉 〈nxnynz| µ̂x |000〉
En − E0

+
〈nxnynz| µ̂x |000〉 〈000| µ̂x |nxnynz〉

En − E0

(2)

Here µ in x-direction is:

µ̂x = qx

The wavefunction for simple harmonic oscillator is:

ψ =
1√
2nn!

[mw
π~

] 1
4
e−

α2r2

2 Hn(αr)

αx =
[mωx

~

] 1
2
, αy =

[mωy
~

] 1
2
, αz =

[mωz
~

] 1
2

αx.x =
H1(αxx)

2
, αy.y =

H1(αyy)

2
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For solving the first term in αxx expression

〈000| µ̂x |nxnynz〉 = q〈0yny〉〈0znz〉〈0|x |nx〉

This expression can be written as:

= q〈0yny〉〈0znz〉
〈0x|H1(αxx) |nx〉

2αx

Out of three possible transition only (nxnynz = 100) is non-zero using orthogonality

q〈0yny〉〈0znz〉〈0|x |nx〉 = q

[∫ ∞
−∞

dy
αy√
π
e−αy

2y2
∫ ∞
−∞

dz
αz√
π
e−αz

2z2
∫ ∞
−∞

dx
1

2αx

αx√
π
e−αx

2x2H1(αxx)Hnx(αxx)

]

q

[
αy√
π

∫ ∞
−∞

dye−αy
2y2
] [

αz√
π

∫ ∞
−∞

dze−αz
2z2
] [

1

2αx

αx√
π

1√
2

∫ ∞
−∞

dxe−αx
2x2H1(αxx)H1(αxx)

]

∫ ∞
−∞

dye−αy
2y2 =

√
π

αy

similarly for z component ∫ ∞
−∞

dze−αz
2z2 =

√
π

αz

for x part ∫ ∞
−∞

dxe−αx
2x2Hnx(αx.x)H1(αxx) =

√
π

αx
2nxnx!δnx1

Therefore we get

q

(
αy√
π

√
π

αy

)(
αz√
π

√
π

αz

)(
1

2αx

αx√
π

1√
2

√
π

αx
2

)
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Final expression for is :

〈000| µ̂x |nxnynz〉 =
q√
2αx

(3)

〈nxnynz| µ̂x |000〉 =
q√
2αx

(4)

Therfore the equation 1 becomes

αxx =
q2

2αx2~ω
+

q2

2αx2~ω

=
q2

αx2~ω

subsituting the value of αx, we get

αxx =
q2

mw2
x

similarly

αyy =
q2

mw2
y

and,

αzz =
q2

mw2
z

For αxy, αxz, αzy :

αxy = 0, αxz = 0, αyz = 0

1.2 Dispersion in the Quantum drude oscillator

UDisp = −
∑

mxAmyAmzA 6=0nxBnyBnzB 6=0

〈00|H ′ |mn〉 〈mn|H ′ |00〉
WA
m0 +WB

n0

(5)
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In general the dispersion energy Uαβ
disp is given by considering,

mxAmyAmzA = M, nxBnyBnzB = N

Uαβ
disp = −

∑
M 6=0

∑
N 6=0

〈000, 000| µ̂AαTαβµ̂Bβ |M,N〉 〈mxAmyAmzA, nxBnyBnzB| µ̂AαTαβµ̂Bβ |000, 000〉
WA
m0 +WB

n0

(6)

Uxy
disp = −

∑
mxAmyAmzA 6=0

∑
nxBnyBnzB 6=0

〈000, 000| µ̂Ax Txyµ̂By |mxAmyAmzA, nxBnyBnzB〉 〈mxAmyAmzA, nxBnyBnzB| µ̂Ax Txyµ̂By |000, 000〉
WA
m0 +WB

n0

= −
(
WA
m0W

B
n0TxyTxy

EA + EB

) ∑
mxAmyAmzA 6=0

|〈000| µ̂Ax |mxAmyAmzA〉|2

WA
m0

∑
nxBnyBnzB 6=0

|〈000| µ̂By |nxBnyBnzB〉|2

WB
n0

µ̂Ax = qAxA, µ̂
B
y = qByB

|Txy|2 =
(3RxRy −R2δij)

2

(4πε0)2R10

Therefore we get

|Txy|2 =
(3RxRy)

2

(4πε0)2R10

EA = ~ωxA, EB = ~ωyB

Part 1st for Udisp The possible transition for molecule A is (mxAmyAmzA = 100, 010, 001),
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similarly for molecule B also, (nxBnyBnzB = 100, 010, 001)

〈000| µ̂Ax |mxAmyAmzA〉 = qA〈0|x |mx〉A〈 0yny〉A〈 0znz〉A

= qA
〈0xA|H1(αxAxA) |mxA〉

2αxA
〈 0yny〉A〈 0znz〉A

〈000| µ̂By |nxBnyBnzB〉 = qB〈 0xnx〉B〈0| y |ny〉B〈 0znz〉B

Solving the integration the way we did for polarization

qA

[
αy√
π

∫ ∞
−∞

dye−αy
2y2
] [

αz√
π

∫ ∞
−∞

dze−αz
2z2
] [

1

2αx

αx√
π

1√
2

∫ ∞
−∞

dxe−αx
2x2H1(αxx)Hnx(αxx)

]

∫ ∞
−∞

dye−αy
2y2 =

√
π

αy

similarly for z component ∫ ∞
−∞

dze−αz
2z2 =

√
π

αz

for x part ∫ ∞
−∞

dxe−αx
2x2Hnx(αx.x)H1(αxx) =

√
π

αx
2nxnx!δnx1

For this we get

〈000| µ̂Ax |mxAmyAmzA〉 =
qA√
2αxA

Similarly for y

〈000| µ̂By |nxBnyBnzB〉 =
qB√
2αxB

Therfore we get
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−|Txy|2
qAqB

2αxAαxB

So,

Udisp = −|Txy|2
q2Aq

2
B

4α2
xAEAα

2
xBEB

(
EAEB
EA + EB

)

Udisp = −|Txy|2
(

q2A
~ωxAα2

xA

)(
q2B

~ωyAα2
yB

)(
~ωxAωyB

4(ωxA + ωyB)

)
or we ca write

Udisp = −|Txy|2(αAxxαByy)
(

~ωxAωyB
4(ωxA + ωyB)

)

|Txy|2 =
(3xy)2

(4πε0)2R10

Udisp for Txx

Uxx
disp = −|Txx|2(αAxxαBxx)

(
~ωxAωxB

4(ωxA + ωxB)

)

|Txx|2 =
(3x2 −R2)2

(4πε0)2R10

Udisp for Tyy

Uyy
disp = −|Tyy|2(αAyyαByy)

(
~ωyAωyB

4(ωyA + ωyB)

)

|Tyy|2 =
(3y2 −R2)2

(4πε0)2R10

Udisp for Tzz

U zz
disp = −|Tzz|2(αAzzαBzz)

(
~ωzAωzB

4(ωzA + ωzB)

)
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|Tzz|2 =
(3z2 −R2)2

(4πε0)2R10

Udisp for Txz

Uxz
disp = −|Txz|2(αAxxαBzz)

(
~ωxAωzB

4(ωxA + ωzB)

)

|Txz|2 =
(3xz)2

(4πε0)2R10

Udisp for Tyz

Uyz
disp = −|Tyz|2(αAyyαBzz)

(
~ωyAωzB

4(ωyA + ωzB)

)

|Tyz|2 =
(3yz)2

(4πε0)2R10

Udisp for Tyx

Uyx
disp = −|Tyx|2(αAyyαBxx)

(
~ωyAωxB

4(ωyA + ωxB)

)

|Tyx|2 =
(3yx)2

(4πε0)2R10

Udisp for Tzx

U zx
disp = −|Tzx|2(αAzzαBxx)

(
~ωzAωxB

4(ωzA + ωxB)

)

|Tzx|2 =
(3zx)2

(4πε0)2R10
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Udisp for Tzy

U zy
disp = −|Tzy|2(αAzzαByy)

(
~ωzAωyB

4(ωzA + ωyB)

)

|Tzy|2 =
(3zy)2

(4πε0)2R10

Udisp = −
xyz∑
ab

|Tab|2(αAaaαBbb)
(

~ωaAωbB
4(ωaA + ωbB)

)
(7)

2 Monomer Fragmentation

The monomer fragmentation scheme for all the monomers (except Ethene, Water, Ethyne)

are given below.

Figure S1: Fragmentation scheme for monomers. Color Code: Green: C, White: H, Red:
O, Blue: N
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3 Interaction energy curves for Complexes

3.1 Interaction energy curves for all complexes of S66x8 dataset

The Following Figures show the interaction energy curve for all the 66 complexes obtained

with HF, CCSD(T) and DF methods.
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Figure S2: Interaction energy curves for 66 complexes with 66x8 data points.

3.2 Interaction energy curves for different fragmentation scheme

of Uracil dimer base-pair and AcNH2 dimer
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Figure S3: Interaction energy curves for Uracil dimer base-pair and AcNH2 dimer. Top-
left: Uracil spliced into 3 fragments, top-right: Uracil spliced into 6 fragments, bottom-left:
AcNH2 spliced into 2 fragments and bottom-right: AcNH2 spliced into 3 fragments
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