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It is assumed that as a result of the absorption of light in a nematic liquid crystal (NLC) there 
arise relatively long-lived photoconverted states of the molecules. The dependence of the 
density of the photoconverted molecules on the orientation of the director of the NLC relative to 
the polarization of the light field and the difference between the interaction with the 
environment of the photoconverted molecules and that of the ground-state molecules are shown 
to change the magnitude of the threshold for the light-induced Friedericksz transition. For 
photoconverted dipole molecules the threshold can vary by several orders of magnitude. The 
distribution of the director in the cell for moderate overshoot of the threshold field as 
well as the dependence of the magnitude of the threshold field on the spatial period of the 
incident light intensity, the energy of detachment of the director from the cell surface, and the 
parameters of the photoconverted molecules are found. Homeotropic and planar NLC cells are 
considered. O I995 American Institute of Physics. 

I. INTRODUCTION 

Recently, intense study has been devoted to threshold 
reorientation of the director of nematic liquid crystals (NLC) 
in light fields, which is to say, the light-induced Friedericksz 
transition (LIFT), discovered experimentally in Ref. 1. At 
present, phenomena associated with this transition are well 
studied and well understood in the case of transparent 
NLc's.~,~ At the same time, recently noted properties of the 
LIFT in the field of a light wave whose frequency falls 
within the absorption region of the NLC have still not been 
completely Thus, the authors of Ref. 4 consid- 
ered light-induced reorientation of the director in a NLC con- 
taining light-absorbing impurity molecules of anthroquinone 
dyes. They found that the threshold of the LIFT in this case 
is depressed significantly (by several orders of magnitude) in 
comparison with typical values in non-light-absorbing 
NLC's. 

In Ref. 5 it was shown that different impurities influence 
the reorientation of the director due to the field of the light 
wave in a substantially different way, even if their absorption 
coefficients are approximately the same. This made it pos- 
sible to establish that the net decrease of the threshold is not 
connected with the liberation of heat by the light-absorbing 
impurity. It was conjectured that the observed effect is pos- 
sibly due to the appearance in the photo-excited impurity 
molecules of quite large electric dipoles whose orientational 
distribution can create an additional torque (in addition to 
that of the external field), which would effectively corre- 
spond to a decrease of the LIFT threshold. Note that such an 
idea was used in Ref. 6 to explain the lowering of the LIFT 
threshold in nonabsorbing NLC's containing chiral impurity 
molecules. 

On the other hand, it is well known that in a number of 
NLCs, as a result of the absorption of light, the molecules 
change their conformation, thereby forming a relatively 
long-lived photoconverted state. The physical parameters of 

such photoconverted molecules differ from those of the NLC 
 molecule^?^^ This phenomenon is used, in particular, to write 
dynamic holographic 

In the present work we assume that photoconverted mol- 
ecules form in a NLC under the action of an incident light 
field. They can arise as a result of photoconversion both of 
the ground-state molecules of the NLC and of the specially 
introduced impurity molecules (see Ref. 4 and 5). 

The interaction of the photoconverted molecules with 
their environment differs from that of the ground-state mol- 
ecules and thus gives rise to an additional contribution to the 
free energy of the NLC, proportional to the difference of 
these interactions and the concentration of the photocon- 
verted molecules. Since the concentration of the photocon- 
verted molecules depends on the orientation of the director 
of the NLC molecules relative to the polarization of the in- 
cident light, the contribution of the photoconverted mol- 
ecules to the free energy will also depend on this orientation. 
As a result, the energetic advantage of one or another orien- 
tation of the director relative to the field varies as a function 
of the sign of this contribution, which leads, correspondingly, 
to a variation of the LIFT threshold. 

The geometry of the light field is assumed to be the same 
as in the writing of dynamic mays in the photoconverted 
molecule concentration. In this case an interference distribu- 
tion in the intensity of the two light waves is created in the 

/ 

NLC cell. Hence we will also consider how the magnitude of 
the spatial period of its intensity affects the threshold value 
of the light field. 

2. FREE ENERGY OF THE NLC 

Assume that two plane monochromatic light waves are 
incident on the xz plane of a plane-parallel NLC cell, 
bounded by the planes z=0 and z = L ,  with the angle 28  
between them. The waves have the same amplitude and are 
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linearly polarized along the y axis of the Cartesian coordi- 
nate system, and their wave vectors are oriented symrnetri- 
cally relative to the yz  plane: 

q1,2=q0(* sin 8,0,cos 8), (1) 

where qo= & w / c ~  is the magnitude of the wave vector. 
As a result of interference in the bulk of the NLC the 

electric vector of the light field has the form 

E(r)=2Eo cos -xAq exp(iqoz cos 8), ( i 
Aq = 2q0 sin 8. 

We will assume absorption of the light field (2) causes 
the NLC molecules to undergo conformational conversion 
and form photoconverted states with lifetime 7. If the photo- 
conversion time of a molecule is much smaller than the char- 
acteristic time of reorientation of the director, then the pho- 
toconverted molecule concentration can be found by solving 
the kinetic equation 

where D is the diffusion coefficient of the photoconverted 
molecules, Iap=EJ?g*/2 is the intensity tensor of the light 
field inside the cell; K , ~ =  K, Sap+ Kf fn f fn8  is the absorption 
coefficient tensor averaged over the orientations of the long 
axes of the molecules; K,= KII- u l ,  ql and K~ are the ab- 
sorption coefficients for the light polarized parallel to and 
perpendicular to the director; n,  are the components of the 
director; and 6 is the quantum efficiency of photoconversion 
of the molecules. In writing down Eq. (3) we have assumed 
that the absorption is weak and have neglected variation of 
the intensity of the light field in its direction of propagation. 

As noted, the interaction of the photoconverted mol- 
ecules with the surrounding ground-state NLC molecules dif- 
fers from the interaction of the latter with each other. There- 
fore, for c 9  1 the photoconverted molecules give a linear 
contribution to the free energy of the NLC in the concentra- 
tion, which, taking the inhomogeneity of the spatial distribu- 
tion of the photoconverted molecules into account, can be 
written in the form 

where A U is equal to the difference between the interactions 
of the ground-state NLC molecules and the photoconverted 
molecules with their environment. 

If the orientation time of the director in the electric field 
of the light wave is much longer than the lifetime T of the 
photoconverted molecules and their characteristic diffusion 
time [ D ( A ~ ) ~ ] - ' ,  then the stationary value of the concen- 
tration of the photoconverted molecules that is reached adia- 
batically tracks the variation of the director. It can be found 
by solving the kinetic equation (3) and for c< 1 has the form 

Taking expression (2) for E(r) into account, one can see 
that a diffraction pattern of the photoconverted molecule 
concentration arises in the NLC cell, with spatial period 
along the x axis equal to 

27r I T  I = - = -  
Aq q sin 8' 

Thus the free energy of the NLC cell in the field of the 
light wave initiating formation of the photoconverted mol- 
ecules can be written in the form 

where FpM is given by Eq. (4), 

x rot n12}, 

Here F,, is Franck's elastic energy, F E  is the contribu- 
tion to the free energy of the NLC from the electric field of 
the light wave (see Ref. 3), Fs  is the energy of detachment of 
the director from the surface of the cell, chosen in the form 
of the Rapini potential,10 e i k = E l S i k + ~ , n i n k  is the dielec- 
tric tensor of the nematic at the frequency of the incident 
light, e,= ell- E,  is the anisotropy of the dielectric tensor, 
and e is the unit vector of the axis of easy orientation in the 
planes of the cell. In what follows, we will neglect the weak 
dependence on the photoconverted molecule concentration 
of Franck's elastic constants Ki  and the dielectric tensor of 
the NLC. 

3. THRESHOLD OF ORIENTATIONAL STABILITY IN A 
HOMEOTROPIC CELL 

We will assume that the initial orientation of the director 
of the NLC is homeotropic, i.e., the unit vector of the easy 
orientation axis in the plane of the cell satisfies e l l O ~ .  Since 
the field vector E ~ ~ O Y ,  we will represent the director in the 
bulk of the NLC in the form n= j sin cp(x,z) + k cos cp(x,z), 
where j and k are basis vectors of the Cartesian coordinate 
system. By virtue of the homogeneity of the system in the y 
direction, the angle cp of the deviation of the director from its 
initial direction does not depend on y. 

We will be interested in the behavior of the director for 
values of the electric field near the reorientation threshold of 
the director. Therefore, we will limit ourselves to the linear- 
ized (in cp) variational equation. In the single-constant ap- 
proximation it has the following form: 
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where 

The term on the right-hand side of Eq. (8) is a conse- 
quence of taking account of relaxation process (as, for ex- 
ample, in Ref. 2) while neglecting the coupling between the 
director and the hydrodynamic motions of the NLC, and "7 is 
the relaxation constant, "7 -lo-'- 1 P. 

The boundary conditions on Eq. (8) are 

The solution of Eq. (8) should be even and periodic in x 
in accordance with the character of the light field (2) perturb- 
ing the director of the NLC. Using the method of separation 
of variables and requiring that the solution satisfy the bound- 
ary conditions (1 l), we obtain 

+ sin (pnz)  cer ?xAq, I ( l  

where the function cer(l,Q) is the even solution of the 
Mathieu equation 

d2f 
- ~ + ( a - 2 Q  cos 28)f=0, 
d 5  

corresponding to the eigenvalue ar(Q), 

pn is the nontrivial solution of the equation 

and pn, are the integration constants. 
As can be seen from Eq. (12), the permutation of the 

director grows with time if any of the growth rates satisfy 
rnr>O. Since ao(Q) < a  l(Q) <a2(Q) <... (Ref. 1 I), the 
threshold value of the amplitude Eo can be found from the 
condition rlo=O in which p1 is the smallest (in absolute 
value) nontrivial root of Eq. (15) (obviously, it can always be 
chosen to be positive). This condition has the form 

and in general can be solved for Eo only numerically. Let us 
first consider the limiting cases for which the solution has an 
analytic form. 

Let Aq be large enough that I Q ~ = ( ~ ) B ~ I K ( A ~ ) ~ )  
x E;+ 1. Then ao(Q)== - e 2 / 2  (Ref. 11) and if A >O holds 
for (A<O the initial, homeotropic orientation of the director 
is stable), then the expression for the threshold of reorienta- 
tion of the director follows from Eq. (16): 

If Aq is small enough that 1Q12>1, then we have 
a o ( ~ ) = - 2 ( l ~ l - m )  (Ref. 11) and for A + I B I > o  we 
obtain from Eq. (16) 

In the case of absolutely rigid detachment (W =w) it fol- 
lows from Eq (15) that pl = TIL, and, taking into account 
that A q = 2 ~ l l ,  where 1 is the period of the interference 
pattern, we find that the conditions Q 9  1 and Q B  1 are 
equivalent, respectively, to the conditions 1 9  L and ISL.  

Expressions (16)-(18) determine the magnitude of the 
threshold value of the electric vector of the light wave as a 
function of the spatial period of the intensity of the light 
field, the magnitude of the parameters determining the con- 
centration of the photoconverted molecules and their interac- 
tion with the NLC molecules, and also on the energy of 
detachment of the director from the surface of the cell. In 
particular, if the boundary conditions on the director are not 
absolutely rigid (W # m), but the detachment energy is large 
enough that WLIK* 1, then it is not hard to obtain from Eq. 
(15) that pl = nIL(1- 2LIWK) and the magnitude of the 
threshold field, defined by Eq. (16), decreases as a function 
of W, as could have been expected. In the opposite case of 
small detachment energy, so that WLIK4 1 holds, we have 
pl = Jm and in the limit Aq+ 0 the threshold field Eo 
tends toward the value 42  WI (A + I B 1) L , independent of 
Franck's elastic constant. 

The dependence of the magnitude of the threshold field 
on Aq for arbitrary value of the detachment energy W, ob- 
tained by numerical solution of Eq. (16), is shown in Fig. 1. 

For a homogeneous intensity distribution of the incident 
light (Aq = 0) and absoluteIy rigid detachment of the director 
from the surface of the cell ( p ,  = d L ) ,  the well-known for- 
mula for the threshold of the light-induced Friedericksz 
transition2 follows from formula (18) when there are no pho- 
toconverted molecules (A U = 0,  A = B) . 

As is clear from expressions (17), (18) and (9), (lo), 
photoconversion changes the reorientation threshold of the 
detector; the magnitude of the threshold either can decrease 
or increase, depending on the sign of the product of the an- 
isotropy of the light absorption coefficient K,  and the differ- 
ence AU in the interaction of the ground-state NLC mol- 
ecules and the photoconverted molecules with their 
environment. Decreasing the period of the interference pat- 
tern increases the magnitude of the threshold field (see 
Fig. 1). 
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FIG. 1. Dependence of the magnitude of the threshold field on the spatial 
period of the intensity of the light wave. Here we have written EA 
~ ( C L , ~ ~ ) ,  and the diffusion coefficient of the photoconverted molecules 
D was set equal to zero in the calculation. 

If the diffusion coefficient of the photoconverted mol- 
ecules is small enough that r ~ ( h q ) ~ 4 1  holds or the inten- 
sity of the light field in the NLC cell is homogeneous (Aq 
=O), then we have A = B  and, as can be seen from (16) and 
(17) (or in the general case simply by comparing Eqs. (4) 
and (5) for FpM with Eq. (7) for FE)  the photoconverted 
molecules merely renormalize the anisotropy of the dielectric 
constant: &A&:= &,+ 8 PT~K,AU.  In this case, if the pe- 
riod of the interference pattern is small enough that 1 4 L  
(i.e., Aq+p1, but T D ( A ~ ) ~ ~  I) ,  then the magnitude of the 
threshold field satisfies E O t h - p l m  and is 6 times 
larger than when the intensity of the light field is essentially 
homogeneous (19L, i.e., Aq9p l ) .  

If the diffusion of the photoconverted molecules is large 
enough that T D ( A ~ ) ~ >  1, then A # B holds and the depen- 
dence of the threshold field on the parameters of the photo- 
converted molecules becomes more complex in accordance 
with Eqs. (16)-(18). 

It is possible to determine the values of the amplitudes 
ql ,  in Eq. (12) in the steady-state regime in the case in 
which the threshold value of the field (following from the 
condition on Tlo) has been exceeded. If the intensity of the 
light field is essentially homogeneous (Aq+O) and its varia- 
tion as a consequence of absorption can be neglected, then 
the calculation proceeds as in Refs. 2 and 3 taking account of 
terms in Eq. (8) nonlinear in cp and using the geometric op- 
tics approximation for Maxwell's equations in an anisotropic 
inhomogeneous medium. As a result, for infinitely rigid de- 
tachment of the director from the surface of the cell we find 
that 

q(z)=qlo  sin ( t z ) +  .... 
where 

Here P = ( C ~ & / ~ P ) ~ E ~  is the z component of the Poyn- 
ting vector and P, is its threshold value. 

Thus, as follows from Eq. (19), the formation of photo- 
converted molecules (A # 0) leads to a change in the ampli- 

tude of the deviation of the director in a light field even when 
the light field exceeds the threshold power by the same mar- 
gin as when photoconverted molecules are absent. In this 
case, if K,AU>O holds, then the amplitude of the deviation 
of the director grows (note that in this case the magnitude of 
the threshold value of the field vector Eo decreases). 

4. THRESHOLD OF ORIENTATIONAL INSTABILITY IN A 
PLANAR CELL 

Now let the initial orientation of the director in the cell 
be planar and let the x axis point in the direction of the easy 
axis. To simplify the expressions, we will take the energy of 
detachment of the director from the surface of the cell to be 
infinitely large (W=m) and the diffusion of the photocon- 
verted molecules to be negligibly small. The perturbed direc- 
tor in the electric field of the light wave (2) will lie in the xy 
plane, and it follows that it should be sought in the form 
n=i cos q(x,z) +j sin>q(x,z) . The linearized (in the angle 
q) equation, obtained after a variational procedure as in the 
previous section, has the form 

The electric vector of the light field is found from Max- 
well's equation. Discarding the terms in Eq. (20) which are 
second-order in the small parameter cp, we find that the field 
component Ey(x,z) is given by Eq. (2) as before, and E, can 
be represented following Ref. 3 in the form 

where the function *(x,z), which is smooth in the coordi- 
nate z on the scale (go cos $)-I, satisfies the equation 

a* -9:-q:+Aq2/4 d - 9 ;  -- z * = i 
dz qo cos e qo cos 0 q 9  

W 
(22) 

qr=T&, qO=,G. 

If W(x,z) is also smooth in z on the scale 
(=go cos O / ~ ~ - ~ ~ + ( A ~ ) ~ / ~ ,  then neglecting the deriva- 
tive in Eq. (22) we obtain 

After expressions (21) and (23) are substituted in Eq. (20), 
the latter coincides with Eq. (8) with A and B replaced by 
( ~ ( ~ 9 ) ~ / 4 / 9 : -  q i+  ( A ~ ) ~ / ~ ) ( E ~ ~ / E , ) .  

Then the solutions of Eq. (20) and the expressions for 
the threshold field will be described by Eqs. (12), (14)-(18) 
with the same replacement of the quantities A and B as be- 
fore, and also setting p, = P ~ L  in agreement with the solu- 
tion of Eq. (15) for infinitely rigid detachment of the director 
from the surface. Since the function cp(x,z) in this case 
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should be taken to be smooth in z on the scales (go cos 8)-' 
and 6, from the form of the solution (12) the inequalities 
L 9 ( q o  cos 8)-' and L a 5  must be satisfied. 

If the angle 8 is not too small, then, in addition to the 
latter inequalities, it is possible also to fulfill the condition 
LAq = 2qoL sin 8 9 1 (or 27rL91). The threshold value of 
the field can be found in this case from expression (17) al- 
lowing for these changes. We obtain 

Comparing expressions (24) and (17), it can be seen that 
for planar orientation of the director the magnitude of the 
threshold field is always greater (and for small angles 8 
much greater) than for homeotropic orientation. 

For small angles 8 and small thickness of the cell it is 
possible to fulfill the condition LAq = 2qoL sin 041  or 
(27rL41). We obtain an expression for EM then by using 
Eq. (18): 

2A E I I L  sin 8 '  

It is not hard to verify that the inequality sin 8 
4 follows from the smoothness condition on cp(x,z). 
Therefore in this case EM is always much bigger than EOth 
for the homeotropic orientation. In the limit Aq--+O the in- 
tensity of the light field in the cell becomes homogeneous 
and it follows from Eq. (25) that Enh4w,  i.e., reorientation 
of the director in the light field does not take place, in accor- 
dance with the result obtained earlier in Ref. 3. In this case, 
as can be seen form relation (23), *= -cp holds and the field 
of an ordinary wave adiabatically tracks the tilts of the di- 
rector, remaining all the while perpendicular to it (the Mogen 
regime). 

If the function W(x,z) is smooth only on the scale 
(go cos 8)-', but not on the scale 6, then it can be found by 
solving the differential equation (22). In this case it is suffi- 
cient to consider only small angles 8 since for large angles 
8 < d 2  the function q (x , z )  becomes smooth in z also on 
the scale 6 and we return to the case already considered. 

The solution of Eq. (20) in this case can be obtained in 
analytic form, following Ref. 3, only for small cell thick- 
nesses, when (9,-qo)L4.rr. As a result, for the threshold 
field we have the expression 

where L A q 4  1. Note that since besides the condition of 
small thicknesses, it is also necessary to fulfill the condition 
of smoothness of the functions *(x,z) and cp(x,z) on the 
scale (go cos 8)-', these conditions are compatible only for 
slightly anisotropic NLC, E ~ ~ ( ~ ~ T I ~ ~ L ) E ,  . 

5. ESTIMATE OF THE CONTRIBUTION TO THE CHANGE IN 
THE THRESHOLD FIELD FROM PHOTOCONVERTED 
DIPOLE MOLECULES 

We will assume that during photoconversion the NLC 
molecules acquire a constant electric dipole mom:nt d (or its 

values becomes significantly greater than that of the mol- 
ecules in the ground state). Since the concentration of the 
photoconverted molecules satisfies c 4  1 ,  we will neglect the 
interaction between the constant dipoles of the photocon- 
verted molecules, but we will take account of the interaction 
between the constant dipoles of the photoconverted mol- 
ecules and the dipole moments they induce in the neighbor- 
ing molecules of the NLC. 

The value of the dipole induced in the mth molecule is 
obviously equal to 

where P(Qrn) is the polarizability tensor of the molecule, 
which depends on its orientation; En(rmn , a n )  is the electric 
field of the nth constant dipole at the position of the mth 
NLC molecule; fl, are the angular coordinates of the long 
axis of the molecule; rmn =rm -rn ; rn is the radius vector of 
the center of mass of the molecule; and we have cn = 1 if the 
photoconverted molecules is located at the point rn and 
c, =O otherwise. 

The interaction energy of the induced dipole (27) with 
the field of constant dipoles induced by it is equal to 

It is necessary to average this expression over the distri- 
bution of long axes of the molecules relative to their favored 
orientation (the director) and over all possible spatial distri- 
butions of the photoconverted molecules in the vicinity of 
the mth molecule. Here we assume that the favored orienta- 
tion of the long axes of the photoconverted molecules and 
the NLC molecules interacting with them are identical by 
virtue of the short range of the dipole field. 

Neglecting the angular correlation of the long axes of the 
various molecules when averaging Eq. (28) (which corre- 
sponds to the mean field method, frequently used in the 
theory of nematic liquid crystals) and noting that 
(E(rrnn ,fl,))=O, where (...) denotes an average over orienta- 
tions, and c:= cn , after averaging we obtain 

where 

and c(m) is the average concentration of the photoconverted 
molecules in the vicinity of the mth molecule. 

Next, summing expression (29) over all the NLC mol- 
ecules and replacing the sum by an integration over volume, 
we obtain 

where aij is the polarizability tensor of the NLC. 
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The value of the electric dipole field of a photoconverted 
molecule depends on the direction of the director of the NLC 
at the position of the photoconverted molecule. Therefore, 
the macroscopic tensor ai j  , like the microscopic tensor aij , 
transforms like the product of the components of the director, 
ninj. Since we neglected the variation of the director along 
the interaction distance of the dipole when we averaged over 
the orientations of the long axes (accounting for gradients of 
the director gives the dependence of Franck's elastic con- 
stants on the concentration of the photoconverted mol- 
ecules), the product ninj refers to the same macroscopic 
point in space for both tensors. By virtue of this, the convo- 
lution Ci,jaijaij does not depend on the director and the 
expression for A U in Eq. (4) [compare Eqs. (3 1) and (4)] can 
be written in the form 

where the subscript i denotes the axes of the coordinate sys- 
tem associated with the director and, 
aii= 114.rr[(~: - 1 ) + E I / ~ ~ ] ;  here we have written 
E :=E~-E~ ,  and e/j and E: are the principal values of the 
static dielectric tensor. 

Substituting the value of the dipole field in formula (30) 
and performing the average, we obtain 

where s is the orientational order parameter, /3 is the angle 
that the constant dipole makes with the long axis of the pho- 
toconverted molecule, and the positive quantities y and y' 
are of d ' / ~ ~ ,  where R is the mean distance between the 
molecules. 

Neglecting diffusion, the contribution of the photocon- 
verted molecule to the threshold value of the field is given in 
Eqs. (9) and (10) by the term A E = ~ . ~ ~ T ~ ~ K , A U ,  which 
renormalizes the anisotropy E, of the dielectric tensor (to 
estimate it, we will consider a field with a homogeneous 
intensity distribution, Aq = 0). Note that the absorption co- 
efficient is ~(cm~/er~ .s )=(c~ /4 .rr) (cu/~hw') ,  where co is 
the speed of light, N ( ~ m - ~ )  is the density of the NLC mol- 
ecules, a is the absorption coefficient in cm-l, and w is the 
frequency of absorption of the light. In the NLC MBBA, for 
example, photoconversion takes place when light with wave- 
length X=0.44 pm is absorbed, with a=lO cm-' (Ref. 12) 

and ~ = 3 - 1 0 ~ '  ~ m - ~ .  Setting AU--~O- '~E : ,  K,-K, 

R-- cm, and S = lo-' in accordance with Eq. (33), we 
obtain lAel-lo"~yd~. Thus, already at typical values of the 
dipole moment of the photoconverted molecules d-lo-'* 
cgs units, the renormalizing terms are of order lo4&: and 
dominate (since usually we have E: > E,). If K,>O holds, 
then LIFT will take place and the threshold field will de- 
crease by roughly two orders of magnitude from its value in 
the absence of photoconversion. The decrease of the LIFT 
threshold by the same order of magnitude when incident 
light is absorbed by dye molecules introduced into the NLC, 
observed experimentally in Refs. 4 and 5, may be explained 
by the formation of photoconverted dipole molecules. 

In conclusion let us turn our attention to the fact that if 
the terms renormalizing E, dominate, then LIFT is possible 
in the NLC cell independent of the sign of the dielectric 
anisotropy E, if the anisotropy of the absorption coefficient 
for the light inducing the formation of photoconverted dipole 
molecules is positive (K,>O). Therefore it would be of in- 
terest as a check of the proposed model to carry out an ex- 
perimental study of how the anthroquinone dyes mentioned 
above affect threshold LIFT in a NLC with E,>O, for which 
LIFT is impossible in the absence of photoconverted mol- 
ecules. 
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