
Chapter 6 

Electric Field Induced Tuning of Molecular Conformation to Acquire 

Spintronics Property in Biphenyl Systems 

this chapter we theoretically studied the effect of external electric field on 
biphenyl, meth.vlene substituted biphenyl monoradical and diradical ,systems. has been found 
that the molecular confbrmation changes with application external electric field. Thus, it is 
possible to tune molecular conformation reversibly only by external electrical stimuli. The 
HOMO-LUMO gap ofthe diradical reduces under external electric field. The molecules with low 
HOMO-LUMO gap can be used as unimolecular rectifier ~( the HOMO and LUMO haYe 
different spatia/location on the molecule. Either to be conductiYe, the molecule should haYe the 
HOMO and LUA10 located on the same spatial position. It has been obserYed that the diradical 
can be used as both unimolecular rectifier and molecular conductor depending upon the field 
strength. Now, the insulator molecule can be switched to molecular rectifier or molecular 
conductor and vice versa by external electric field. The spin topology in a radical depends on the 
strength and direction of the applied electric field. Consequently the extent of magnetic coupling 
in diradical system changes with external electric field We have calculated the transmission 
,'lpectra and I-V curve for the diradical at dijlerent dihedral angles. At 
diradical shows· efficient !1pin filter behavior. It is now possible to 
multifariou,v application like unimolecular rectifier, spin filter 
depending upon the strength of the applied electricfield. 
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6.1 Introduction 

Different isomers of a molecule can have different optical and electronic properties. Their 

conformational flexibility can also give rise to interesting transport properties, and a simple 

manipulation of their composition and geometry can lead to a wide variety of binding, optical 

and structural properties, which can be efficiently tuned according to specific need. 1
'
2 A small 

change in conformational angle can lead to a wide change in the current-voltage (I-V) 

characteristics of a molecular device. 3 The physiological prope1iies of molecules are 

dependent on dihedral angle. As for example, physiological property and lipid solubility of poly 

chlorinated biphenyl is dependent on its degree of planarity. The degree of planarity can 

controlled by the position of substitution.4 To get a desired conformation by chemical 

substitution we must compromise with its chemical constitution. However, an applied electric 

field to a molecule reorganizes the electronic distribution and changes the Hellmann-Feynman 

force acting on the constituent nuclei without altering the chemical constitution .. The field also 

exerts a force directly on the nuclei. The resulting net force will cause a change in molecular 

geometry and vibrational force constant. 5·
6 The effect of uniform static electric field on some 

aliphatic and aromatic compounds is studied within the density functional theory framework by 

Rai et al. 7 They found that the electric field perturbs the molecular geometry and shifts the 

infrared (IR) vibrational frequencies accompanied by spectral intensity redistribution. It has also 

been found that the energy gap between highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) is diminished rapidly when the LUMO possesses 

predominant n:-character. It has also been shown that the geometric and electronic structure of 

conjugated molecular wire is very sensitive to the external electric field. The increasing field 

strength leads to higher conjugation in conjugated molecular wire. R 

The external electric field leads to spatial redistribution of frontier molecular orbitals. 

Electrical conduction through molecules essentially requires "promoting" an electron to 

erstwhile virtual, unoccupied molecular orbitals (UMOs). 7 The contribution of higher UMOs and 

lower occupied MOs to the current conduction through molecule has been investigated by Wang 

et al. 9 It has been found that the upper UMOs contribute significantly to the electron conduction 

than the low lying ones. 10 Organic radicals show fascinating transport properties such as 
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spintronic behavior like spin filter, 11 spin current conduction 12 etc. Because of their weak spin

orbit and hyperfine interactions, organic molecules are attractive for such components. 13 

The biphenyl molecule is planar or nearly so in the solid state 14
-

16 and twisted to about 

40° around the central C-C single bond in the vapor phase. 17 The energetics of the internal 

rotation around C-C single bond between two benzene rings is difficult to interpret. 18 Bastiansen 

and Samdal experimentally estimated the rotational barrier to be 6.0 ± 2.1 kJ/mol and 6.5 ± 2.0 

kJ/mol for 0° and 90' dihedral angles respectively. 19 Mono nitronyl-nitroxide substituted 

biphenyls are synthesized by Stroh et al.,20 and they found that the dihedral angle between two 

benzene rings vary for ortho and meta substitutions. Recently, biphenyl coupled diradical has 

been synthesized and it is found that the dihedral angle between two phenyl rings is less than 1 ° 

in the crystalline state, whereas DFT optimized structure shows the angle is 3Y.21 

X 

y 

Figure 6.1 Molecules and radicals under investigation (A) biphenyl (B) methylene substituted 
biphenyl monoradical and (C) methylene substituted biphenyl diradical. The z axis is parallel to 
molecular plane and x axis is perpendicular to the molecular plane. 
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The spirit underlying in this work is to understand the response of molecules and radicals 

under external electric field. In this study we choose biphenyl, methylene substituted biphenyl 

monoradical and diradical systems (Figure 6.1 ). We apply electric field parallel to the molecule 

(Ell) and perpendicular to the diagonal plane of two phenyl rings (E..L). Possible application of 

external electric field effect on molecule and radicals have been studied. Investigations on the 

change of shape and energy of molecular orbitals, spin density distribution and magnetic 

properties of the radicals under electric field have also been done. We have studied the spin 

filtering ability of the diradical at different conformations to understand the spintronics behavior. 

The current voltage (/-II) curve has also been presented to elucidate the conductivity of the 

diradical at different dihedral angles. 

6.2 Results and Discussions 

6.2.1 Effect of external electric field on molecular geometry 

We have optimized all the geometries in the unrestricted DFT framework using B3L YP 

functional and 6-31 +G ( d,p) basis set. All the calculations have been done using Gaussian09W22 

package unless otherwise mentioned. absence of an external electric field, geometry 

optimization of biphenyl results stable non-planar conformation. Biphenyls have different 

dihedral angles depending on their phases. It is known to have 0° dihedral angle in solid phase, 

around 40° in the vapor phase and in between in the solution phase.23 The dihedral angle can be 

changed by substitution for desired application. It is already reported that the conjugation 

Iength,24 or the delocalization of electrons,25 depends strongly on the molecular conformation 

and most importantly on the joint alignment of adjacent aromatic rings .. ft is 

molecular conductivity reaches the maximum value when neighboring aromatic ring adopts a 

coplanar arrangement.26 To get a desired conformation of molecule for various application we 

employ external electric field. Starting from 40.40° dihedral angle if we apply E11. the dihedral 

angle gradually decreases with increase in the applied field strength (Table 6.1 ). In case of E..L, 

we are able to optimize the structure up to 0.003 a.u. field strength. 
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Table 6.1 Dihedral angles of Biphenyl, Monoradical and Diradical under External Electric Eield 
(1 a.u. field strength= 51.42 V/ A) 

Field Strength 

x 10-4 a.u. 

0 

15 

Dihedral Angle C) 

Biphenyl Monoradical Diradical 

Ejj Ej_ E.L 

40.40 40.40 35.12 35.12 33.32 33.32 

40.34 39.82 35.03 35.16 33.20 33.43 
~----------------~---~--------~------~-------r-----~ 

30 40.13 ' 4L06 34.62 35.29 I 32.75 I 33.60 I 

45 39.75 33.97 
-----1 

35.50 32.04 t 33.94 ; 

r-- 60 39.26 _______ 32.85 35.81 ~d-34.28 I 

I ~~~ j :~::~ I ::::::: I :~::~=+ :::~~ I ~: :: I ::~~ I 

~!_s ______ --== --=-- 27.4~ 37.81 26.59 ---=-
1 

130 ------ ------ 27.45 38.59 23.20 ------1 

~~~:; -- . ------_ ~~ 1 -~~~-~ :~_~Ll : ~ ~~ I :::::: I 

~x. Change J -=~~ -~~-267___ ~ss_L 12.2~J-~ 

When we optimize the methylene substituted biphenyl mono-radical we get non-planar 

geometry with dihedral angle ~35°. Stroh et al. 20 synthesized ortho nitronyl-nitroxide radical 

substituted biphenyl and they found that the dihedral angle between two phenyl rings is 46.3 ° in 

the solid state. Whereas, in case of meta substitution they found two structures with dihedral 

angles 25.9° and 19.5° respectively in the solid state. For Ell the dihedral angle gradually 

decreases. On the other hand, in case of Ej_ the dihedral angle increases with the increasing field 

strength (Table 6.1 ). 

The optimized geometry of methylene substituted biphenyl diradical is found to be non

planar. Mostovich et al.21 isolated the nitronyl-nitroxide substituted biphenyl diradical where the 

coupler biphenyl is planar in the solid state. When we apply Eii on non-planar structure of the 
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diradical the dihedral angle decreases. On the other hand, if one applies the field Ej_, the dihedral 

angle increases with increasing field strength (Table 6.1 ). 

So far from the above discussion we have seen that molecular conformation changes 

reversibly under external electric field. This result is very impressive because one can tune the 

molecular conformation according to the need only by external stimuli without any chemical 

substitution. A small change in molecular conformation leads to the change in electronic 

structure, transport property, energy of MO, and spatial distribution of MO. These changes are 

systematically discussed in the upcoming sections of this manuscript. 

6.2.2 Molecular orbital analysis 

The energy and spatial distribution of molecular orbitals are function 

conformation and external electric field. 27 Therefore, it is important to analyze the molecular 

Table 6.2 HOMO-LUMO Gap of the Molecules under Different Electric Field (Ell) (1 a.u. field 
strength= 51.42 VIA) 

·--

I Fieldx 10-4 a.u. HOMO-LUMO Gap (eV) 
---

I (Ell) Biphenyl Monoradical Diradical 

------?s += ; ;~ 4.22 4.17 
---

4.02 4.03 r== 30 5.21 
---

4.56 3.86 
--

~---- 45 I s.13 4.42 3.67 
3.48 

··---

60 5.02 4.31 
'------

75 5.22 4.09 3.00 
90 4.47 2.64 2.51 

·--

115 --- 4.04 1.74 
!------· ---- ~~-~-

130 --- 2.57 0.95 
1-------------------- ------------

145 --- 2.18 [ 0.35 l 
160 --- 1.80 . ·-- ____ 0.34_ ··" 

orbitals for different conformations and under external electric field to understand the molecular 

behavior. The molecular orbitals are important to understand the transport property through a 

molecule because they contain all the quantum mechanical information about molecular 

electronic structures and offer spatial conduction channels for electron transport.28 Therefore, the 

modulation of the MOs, i.e., the localization of orbitals can significantly change the transport 

properties. External electric field is an appropriate stimulus to tune the MOs of a molecule. It has 
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been shown that the MOs of a molecule with and without electrode atoms in their 

similar characteristics under external electric fie1d?9 Following this analogy, we apply electric 

field without lead atoms to study the change of molecular orbitals and their energy spectrum 

case of biphenyL methylene substituted biphenyl monoradical and diradical under external 

electric field. 
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between the HOMO 

Fermi 

gap (Table 6.2) of biphenyl 

to near Fermi 

6.2). In case of biphenyl system, we are able to optimize the geometry up to the 

0.009 a.u. This may be due to the imbalance between 

charge and the external electric field. 31 

the change in dihedral angle, the 

found that at field a.u. 

total force generated from the net 

J we 

1S 

changed. From Figure 6.3 it is clear that at higher field strength the spatial distribution of MOs 

(HOMO and LUMO) are different; i.e., the location of the MOs are different. It is known that if 

the location of HOMO and LUMO is different and the HOMO-LUMO energy gap is 

significantly low ( ~0.3 e V) the molecule can act as an unimolecular rectifier. 332 Therefore, one 

can say that biphenyl can act as unimolecular rectifier if the HOMO-LUMO gap reduces further. 
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Figure orbital picture of biphenyl at various field strength ( E 11 ). 

monoradical randomly with E11 

increasing field strength the energy gap between HOMO and MO decreases. 

HOMO is actually a singly occupied MO (SOMO). However, for E..L. energy of MOs remains 

unaltered. Another point is that with increasing field strength HOMO-I and LUMO are 

localized, whereas HOMO is delocalized (Figure 6.4). As the HOMO and LUMO lies near the 

Fermi level, it is possible to tunnel the unpaired electron from HOMO to the LUMO easily. On 

the other hand HOMO and LUMO have different spatial position which is prerequisite for a 

molecule to be a unimolecular rectifier. 32 Therefore, the monoradical will conduct the spin 
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current as the transport occurs mainly through LUM03 and stable organic monoradicals can 

used as efficient unimolecular rectifier. 
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Figure 6.4 The molecular orbital picture of monoradical at various field strength(Elj ). 
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In case of diradical the LUMO, HOMO-I and HOM0-2 are mostly affected by external 

electric field. Here, HOMO and HOM0-1 are actually two SOMO's. It is clear from Figure 6.2 

that the energy of LUMO and HOMO-I reduces and energy of HOMO increases with rising field 

strength (Ell). It is now obvious that for ElL with growing field strength LUMO and HOMO lie 

near the Fermi level (Figure 6. 2); i.e., one can say electron can tunnel from the HOMO (SOMO) 

to LUMO. The HL gap narrows significantly between 0.0075-0.0145 a.u. field strength. The HL 

gap is a function of conformation and external electric field. 27 Not only the energy of MO but 

also the spatial distribution of MOs over the molecule is the function of conformation and 

external electric field. We can see from Figure 6.3, Figure 6.4, and Figure 6.5 that beyond the 

field strength of0.0075 a.u. the LUMO is localized over few atoms. Therefore we can say that in 

case of diradicals the energy of LUMO decreases sharply due to localization; thus, narrowing the 

HL gap. We can see here that at high field HOMO is delocalized over whole molecule whereas 

LUMO is localized on few atoms; i.e., they do not have the same location (Figure 6.5). Another 

point to be noted from Figure is that the HOMO between field strength 0.0115 a.u. and 

0.0130 a.u. switches sign, it 

orbitals. This observation can 

changing of symmetry of HOMO with respect to other 

explained as the spatial distribution of MO is a function of 

conformation and external field strength and at 0.0130 a.u. field strength the conformational 

angle of diradical changes around 1 oo from the ground state. This may be the reason 

symmetry of HOMO between field strength 0.0115 a.u. and 0.0130 a.u. The 

m 

small HOMO-LUMO gap (band gap) are of potential interest due to their various applicability as 

in molecular electronics, intrinsic conductor, electrochromic display and charge storage 

materials. 33 Many researchers have given attention to synthesize the molecules with less HOMO~ 

LUMO gap. 33 Table 6.2 shmv that the HOMO-LUMO gap reduces with increasing 

and reaches up to 0.34 eV. Such types of molecules are predicted as unimolecular 

Therefore, the diradical in the field strength beyond 0.0075 a.u. and up to 0.0145 a.u. can be used 

as unimolecular rectifier. At the field strength 0.0160 a.u. HOMO and LUMO have the same 

location and have low HL gap which is prerequisite for a molecule to be a molecular 

conductor.33 Therefore, at the field strength 0.0160 a.u. it will act as molecular conductor. The 

change of molecular orbital and hence the current conduction through molecules due to 

conformational change has been observed by Senapati et al. 3 They also suggest that the 

conformational changes due to applied electric field may be used as molecular variable resistor 
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(potentiometer). However, for E..L the energy of MO remains more or less unaffected (Appendix 

2). 
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Figure 6.5 The Molecular orbital picture of diradical at various field strength(En). 
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6.2.3 Magnetic exchange coupling constant and spin density of radicals 

The above discussion shows that the conformation and molecular orbital energy and 

spatial distribution are the function of applied external electric field. It is also to be noted that the 

spin density and magnetic interaction of molecules are largely dependent on the geometry and 

molecular orbital distribution.34 Therefore, it is needless to say that the applied electric field will 

perturb the spin density on the radical centre and magnetic interaction in the diradical. The 

transport property of radical also depends on the nature of the radical. 35 Keeping these points in 

mind we have studied the spin density on radical centre and magnetic exchange coupling 

constant of the diradical under external electric field. 

The origin of magnetism in diradical is due to the exchange coupling between radical 

centers. We have estimated the exchange coupling constant of the diradical under electric field. 

For calculation of magnetic exchange coupling constant (J), following our previous works36 

we employ the broken symmetry (BS) Yamaguchi formulae 37 within DFT framework; which is 

given by 

(6.1) 

In the above, EBs is the energy of the BS state and E r is that of the triplet state, whereas 

( Si) and (Sis) represent the average spin square values of triplet and BS states respectively. The 

magnetic interaction in conjugated systems occurs due to the itinerant exchange through n 

conjugation. We have seen that with increasing field strength (E/1) the spin density on radical 

sites diminishes and increases on the coupler (Figure 6.6). One may anticipate that due to the 

decrease in spin density on the radical centers the exchange coupling between these two sites 

should decrease. However, the opposite trend is observed (Table 6.3); i.e., exchange coupling 

constant increases with field strength (E 11 ). This can be explained in the following way. The 

dihedral angle (Table 6.1) and C-C bond length between two phenyl rings decreases (bond length 

changes from 1.48 A to 1.46 A) with increasing field strength. Therefore, one can say that the 

conjugation between two radical centers increases facilitating the itinerant exchange process. As 

a result, the magnetic exchange coupling constant values of the diradical increase with increasing 

field strength (Ell). With increasing field strength the spin density on the radical centre decreases 

and increases on the coupler, i.e., the spin density distribution tends to be homogenous in higher 
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field strength. The spin density is due to rr electrons, i.e., the n electrons are distributed over the 

whole molecule at higher field strength. As a consequence the molecule will show good transport 

property at higher field and at lower dihedral angle. When the field is applied perpendicular to 

the molecular plane, the spin density values (Figure 6.6) are less affected by the field. In this 

situation, the C-C bond length remains unchanged but the dihedral angle increases with 

increasing field strength (Table 6.3). Consequently the conjugation between two radical centers 

reduces and hence the exchange coupling constant between two radical centers decreases with 

increasing field strength (E_L). Thus, lower dihedral angle facilitates the higher exchange 

coupling between the spins. The larger effect of Eil compared to E_L on spin density can 

explained with the help of the shape of polarizable n orbitals. When we apply the electric 

parallel (perpendicular) to the molecular plane, the field is actually perpendicular (parallel) to 

polarizable n orbitals. A field applied perpendicular to the n orbital has larger effect compared to 

the parallel one. As a result, the spin density is more affected by E 11 

mono-radical similar observation spin density is also scrutinized. 
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Figure 6.6 Change in spin density on coupler under applied electric field for diradicaland monoradical. 
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Table 6.3 Energy and Values of Triplet and BS State of the Diradical under Various Electric 
Field and their Corresponding JValues (1 au field strength= 51.42 VIA) 

Fieldxi0-4 Eu E_L 
~--------~--~----~--~~----~--------~--------~--

a.u. Triplet 88 J(cm- 1
) Triplet BS J(cm-) 

E -540.67791 449 E -540.68000 l -540.67791 I 449 ! 
2.08 

0 -540.68000 

1.05 (5 2) 2.os 1.o5 1 ', 

15 I-----:--E--,---+----54_0_.6_8_0_2_9+----54_0_.6_7~8-=-20.:.___; 445 E -540.68015 -540.67806 447 I 

6.2.4 Spin filtering ability of diradical 

Organic radicals are promising candidate for the construction of spintronic devices like 

spin valve, spin filter etc.35 The molecules with magnetic characteristics has wide applications in 

the field of spintronics?s Therefore organic magnetic molecules are likely to have interesting 

applicability in this field. Efficient spin filters have appreciably different transmission near Fermi 

level.35 We have calculated the transmission spectra of diradicals at different dihedral angles to 

understand the spin filtering ability of diradicals with respect to their dihedral angle as we have 

discussed earlier. The diradical molecule is placed between two Au electrodes in a two-probe 

transport structure, as shown in Figure 6.7. 
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Figure 6. 7 The Au-diradical-Au two-probe transport structure. Semi-infinite leads extending to 

oo (left and right boxes) are bridged by the diradical molecule in the molecular region (center 

box). 

The electrodes are modeled as nano wires with 3 x 3 cross section in the ( 100) direction. At 

end of each electrode, there is an Au adatom that connects vvith S atoms. Then the electrodes are 

extended into quasi-one-dimensional leads by adding atoms at their appropriate bulk lattice 

a 3 extending the (100) direction which leads to the structure shown 

structure on which the transport calculations have been 

a molecular region, and a right lead (see Fig. 

extending to z direction while the molecular region contains a portion 

each lead and the diradical molecule. We use PBE functiona] and 

transmission calculation has been done 

pn)g~·an1me package. 39 transmission is obtained from the equation 

where are the self energies of left and right electrode, 

retarded and advanced Green's function. 

In the nonequilibrium Green's-function formalism the current 1 through the contact can 

be derived as 

00 

J(V) == G0 j dc[nF(c- PL)- nF(c- flR )]x T(E) 

where Go=2e2/h, flL and f.JR are the chemical potentials ofleft and right electrodes r"'"''""'r·a, 
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The calculated transmission spectra and spin current at OV and 1 V is presented in Figure 

6.8. We can see from Figure 6.8 that at OV maximum transmission comes out at equilibrium 

ground state geometry and it gradually decreases with decreasing dihedral angle. On the other 

hand, at 1 V the transmission spectrum shows opposite trend. The separation between alpha and 

beta transmission suggests about the spin filtering ability of a molecule. We can see that when 

the dihedral angle of the diradical is low (21 \ the transmission of alpha and beta electrons differ 

by a broad energy range, which is a prerequisite for a molecule to show efficient spin filtering 

ability. Therefore we can say that it can act as an efficient spin filter in this conformation, We 

have also calculated the current (I) at 1 V to examine the spin filtering efficiency at different 

dihedral angles. It is seen that at ground state geometry the up and down spins have comparable 

current nA nA), with decreasing dihedral angle the up spin current 

conduction decreases whereas down spin current conduction increases (Figme 6.9). Therefore, 

we can suggest that at dihedral angle diradical acts as an efficient spin filter. That 

after setting up molecular device, one applies appropriate external · field 

will behave as efficient spin t11ter at lower dihedral angle as dihedral angle decreases upon 

application of external electric field. 
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Figure 6.8 Transmission spectra (Black and red colour represents the up and down electron 

transmission respectevely) of diradical at various dihedral angle and the spin cunent 

Current-Voltage (1-Jl) curves 

Figure 6.9 depicts the I-V curves for the diradical at different dihedral angles. The black 

line represents the up spin cunent, red line represents the down spin cunent and green line 

represents the total current carried by up and down spins. We have seen here that at ground state 

geometry (dihedral angle 33.32°) the current conduction increases after the threshold voltage 

1.5V whereas for dihedral angle 21 o the threshold voltage is 0.5V. The strength of current 

conduction by one spin component is much greater than the other in case of the dihedral angle 

21 o compared to other dihedral angles. This observation tells us that when one spin actively 
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conducts current, other spin remains inactive. This is also understandable from transmission 

spectra which is depicted in Figure 6.8 where the sufficient energy difference between up and 

down spin transmission is observed in 21 o dihedral angle. Therefore, we can say that at lower 

dihedral angle the diradical has higl1er conductivity and spin filtering ability. To ensure the spin 

filtering ability of the diradical at 21 o dihedral angle, we quantify spin polarization at finite bias 

in terms of spin-resolved currents40 

-1 down 
) =......;;.. __ _ 

where and represent up and down spin currents respectively. We have found that the 

a.11gle has sufficient spin filtering ability (Figure 99% 

efficiency between bias voltage 1 V and 1.5V (Figure 6.1 0). 
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Figure 6.10 Is vs Voltage (ls-V) curve of the diradical at 21° dihedral angle. 

104 



6.3 Conclusions 

To summarize, we study the effect of external electric field on biphenyl, 

methylene substituted biphenyl mono- and di-radicals. We apply electric field parallel to the 

molecule (E II) and perpendicular to the molecular plane (fu). It has been observed that one can 

reversibly tune the molecular conformation by external electric field. This result provides an 

alternative way to change the molecular conformation without any chemical substitution; i.e, 

tuning of molecular conformation by external means. The energy and spatial distribution of 

molecular orbital are found to be the function of external electric field. Among these systems, the 

low HL gap has been achieved in case of diradical by application of external elctric field. This 

low HL gap has wide applicability in the field of molecular electronics. It has been found that the 

diradical in the field strength between 0.0075 a.u. and 0.0145 a.u. can be used as unimolecular 

rectifier. At the field strength 0.0160 a.u. it can act as molecular conductor. The spin density 

distribution of the monoradical and diradical are dependent on the strength and direction of the 

external electric field. It has been found E 11 has more effect on spin density than RL. With 

increasing field strength the spin density on radical centre decreases and increases on the 

coupler. The lower dihedral angle fascilitates the higher conjugation between the spins in 

diradical resulting the increase in magnetic exchange coupling constant. Therefore, one can tune 

the strength of magnetic exchange coupling constant by external electric field. With increasing 

the magnetic exchange coupling constant current conduction of the diradical also increases. 

There is appreaciable difference of up spin and down spin transmission spectra at lower dihedral 

angle. This observation confirms the spin filtering ability of the diradical at lower dihedral angle. 

It is seen that at ground state geometry of the diradical the up and down spins conduct 

comparable current. While, with decreasing dihedral angle the up current 

decreases, on the other hand down spin current conduction increases. is, at 

angle the diradical acts as an efficient spin filter. We have found that the diradical at 21 o dihedral 

angle has 99% spin filtering efficiency between bias voltage 1 V and l.5V. Therefore, a single 

molecule can be used for different appication like unimolecular rectifier, spin filter and 

molecular conductor varying the strenght of the external electric field. 
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