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Optical nonlinearities in twin chromophores: An odd story

Ram Seshadri

It 1s part of the acquired lore of the neo-
phyte chemist that while the temperatures
at which linear alkanes C,H,,,, boil
increase smoothly with 1ncreasing chain
length n, the temperatures at which they
melt show less usual behaviour — alkanes
with odd n melt at lower-than-expected
temperatures (Figure 1).

The explanation is that in the crysta-
lline state, geometric concerns dictate
that even n alkane molecules pack more
efficiently’, (at least for n> 1) making
them just a trifle more refractory than
odd n alkanes. In the liquid state, packing
concerns do not play as important a role
and the boiling temperatures display the
expected monotonic increase with increase
in formula weight, These trends have
long served as an early, and rather pretty
illustration of how structural details at
the ﬁngstrom scale can manifest in some-
thing as coarse-grained and commonplace
as the melting temperature of a wax.

In an interesting new twist to this fami-
bhar tale, chemists at the Indian Institute
of Science have recently shown®? that
packing constraints similar to those influ-
encing the melting of wax can affect
something as exotic as optical nonlinea-
rities in chromophoric molecular solids.
[Nonlinear optical (NLQO) matenals dou-

542 ‘

ble the frequency (halve the wavelength)
of the light transmitted by them.]

The systems studied were twin non-
linear optical chromophores such as
4-hydroxy-4’-nitroazobenzene or 4-nitro-
phenol linked in pairs by polymethylene
chains —(CH;),— through the phenolic
groups 1n the para position. The studies
were aimed at determining the role, if
any, of the lengths of the spacers (in
other words, of n) on nonlinear optical
properties. The azobenzene derivatives®
display transitions into nematic liquid
crystalline phases with the various tran-
sition temperatures (to the liquid crystal,
and then to the 1sotropic liquid) showing
the anticipated odd-even oscillations as a
function of n. More interestingly, the
NLO properties of the polycrystalline pow-
ders also display such odd-even oscilla-
tions; the odd n members possessing
significantly larger SHG efficiencies.
While less tmpressive in their SHG efli-
ciencies, it is the nitrophenol derivatives
that we focus on® since their crystal
structurcs have recently been determined
by X-ray diffraction.

From Figure 2 it is Seen that while
even n molecules made by linking the phe-
nol groups of two 4-nitrophenol mole-
cules through —(CH,),— spacers display

polycrystalline powder SHG intensities
that are smaller than the limits of detec-
tion, the molecules with odd n display
measurable effects. What is very interes-
ting is that even when the molecules were
dispersed in a polymer film and aligned
through poling by a DC electnic field,
even—odd oscillations in the SHG effi-
ciencies were observed (not shown here).
In the case of the chromophores being
dispersed in a polymer matrix, the effects
do not arise from the manner in which
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Figure 1. Melting and boiling points of the

alkanes as a function of chain size n. Data
from ref. 5.
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Figure 2. Powder SHG intensities rela-
tive to urea of twin 4-nitrophenol chromo-
phores linked through the para positions
by —(CH,)— units. Data are relative to
urea powder. Excitation was at 1064 nm.
Data from ref. 3.

the molecules pack in the unit cell but
from the intramolecular conformation,
viz. the nature of torsions in the poly-
methylene chains. |

The availability of single crystals of
most of the members between n =1 and
n=12 and the solution of their struc-
tures® has confirmed earlier speculations’
that the even n molecules pack in the
crystal in a centrosymmetric manner
while odd n do not. Centrosymmetric
crystals do not normally display optical
nonlinearities. Figure 3 shows the struc-
tures of the n=1 and n =2 molecules
determined by X-ray diffraction. Assum-
ing that the molecular structures deter-
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On-line examination of tensile
strength of polymers

‘An 1nstrument for online measurement
of structural orientation in translucent
polymer sheets’

P. K. Palanisamy, D. Mangaiyarkarasi
and A. Ramalingam

Bull. Mater. Sci., 2000, 23, 23

Palanisamy et «al. have designed and
fabricated an instrument, ‘Lascr based
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Figure 3. Molecular structures of the n=
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1 and n=2 molecules obtained from single-

crystal X-ray diffraction. Dark grey, carbon; blue, nitrogen: yellow, oxygen. Unpublished

data from T. N. Guru Row.

mined by X-ray diffraction are retained
even when the chromophores are dis-
persed 1n polymer films, the larger SHG
efficiencies found for the odd n» mole-
cules can then be attributed to the greater
ease with which the chromophores sepa-

_ rated by odd n are aligned by the poling

electric field. When n is even, the mole-
cules appear to resist such alignment.
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The technique employed by Palanisamy
¢t al. depends on the fact that a laser
beam passing through an unoriented
polymer strip gives ris¢ to a circular
halo diltfraction whereas an orieated {ilm
gives rise to an elongated diffuse image
perpendicular to the direction of ori-
entation.  The instrument  provides a
cost-cltective, portable, non-destructive
means to measure and control quality
of polymer films on line during pro-
duction.
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