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Clonal propagation technology

The National Symposium on ‘Commer- capacity is currently utilized. There were cost media were developed for efficient
cialization of Clonal Propagation Techno- close to 70 units about &chde ago, when micropropagation of banana by G.M.
logy in Plant Improvement’ was organizedtissue culture started as fashionable actiReddy Research Foundation. As a result,
by G.M. Reddy Research Foundation,vity, of which 40 have already wound up. the cost of production has come down to
Hyderabad during 24-26 March 2000.Many of the remaining units are finan- almost one-third of the regular price. A
The theme of the symposium was ‘Inte-cially in a bad state because of defaultingsession on biopesticides identified neem-
gration of frontier technologies with tra- in the payment schedule of loan instal-based products in the control of crop
ditional farmers’ wisdom and scientific ments. In the public sector, almost everydiseases by Srimannarayana and Shiva
temper in upgrading economic status ofuniversity and research institute has madérasad. In the final session, E. A. Siddiq
common man, farmer and rural poor'.large investments in creating plant tissuedealt with in great detail the intellectual
The topics ranging from commercializa- culture facilities. property rights. The symposium con-
tion of transgenics, conservation, propa- It was emphasized that there was nacluded with the following recommenda-
gation of medicinal plants, forest treesdearth of competent technical persons otions.
spices, horticultural crop like banana, market demand. For successful operation, The tissue culture protocols developed
biopesticides in control of crop diseasea change of mindset is needed so thator micropropagation of horticultural,
besides intellectual property rights weresynergies are exploited between technicaforest and medicinal plants may be listed
discussed. know-how, entrepreneurial capacities andand registered. Conservation of endan-
V. L. Chopra (National Biotech Centre management skills to turn around thegered species may be propagated through
for Indian Agricultural Research Centre, situation and transform loss-making invest-tissue culture technology for prosperity
New Delhi) in his inaugural address, re-ments into profitable enterprises. and also for other purposes. Need-based
viewed the present scenario of commercia- The session on transgenics and funcbasic and applied research may be identi-
lization of clonal propagation. He pointed tional genomics dealt with various aspectdied in different areas of clonal propaga-
out that in the last decade very large in-of commercialization by A. R. Reddy, tion in collaboration with research insti-
vestments have been made in India bottN. Seetharama, K. V. Krishnamurthy, tutes, industrial organizations and forest and
by public and private sectors for creatingP. B. Kirti and S. Y. Anwar. Emphasis horticultural departments to promote
an infrastructure for tissue culture multi- was laid on commercialization of geneti- joint ventures in product development for
plication of plants. It is estimated that thecally modified plants including oil qua- commercialization.
capitalized cost of investment in the pri- lity which is the need of the hour. P. S.
vate sector is over rupees 350 crores. Th®ao emphasized the need to cultivates. M. Reddy, Prof. G.M. Reddy Re-
capacity for producing tissue culture plantsmedicinal plants and C. M. Rao dealtsearch Foundation, 4-123/E, Swaroop
is of the order of 170 million plants per with a new technology in clonal propaga-Nagar, Uppal Kalan Municipality, Hydera-
year even though only a fraction of thetion of high-yielding eucalyptus. Low bad 500 039, India.

RESEARCH NEWS
Chemical bond formation at atomic and molecular scale by STM

Ujjal Kumar Sur

tion by STM. Stipe et al.* have used the
STM to dissociate single O, molecules
on Pt (111) surface in the temperature
range of 40 to 150 K. From their experi-
mental results, they have found a rela
tionship between the dissociation rate

Since the invention of the scanning tun-crystalline tungsten STM tip at 4 K they
nelling microscope (STM) in the early positioned individua xenon atoms on a
eighties by Binnig and Rohrer, it hassingle crystal nickel surface (110) and
been a powerful tool in imaging surfacesfabricated various patterns. The process
of metals and semiconductors. There havéhey described was also applicable to
been reports on the positioning of singlemolecules. Utilization of the atomic reso-
atoms and molecul&g and dissociation

of single molecules on metal and semi-
conductor surfaces*® using STM. Eigler
and Schweizer have first used the STM
for positioning atoms and fabricating
patterns on metal surface’. Using a poly-

lution of the STM gives the prospect of
atomic-scale logic circuits and nano-
technology. Over the past few years much
has been learnt from experimental and
theoretical studies regarding the mecha-
nism of atomic and molecular manipula-
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and tunnelling current and voltage. Their
results opened the concept of ‘angstro-
chemistry’ with atomic resolution in the
initiation of reactions. Using the concept
of ‘angstrochemistry’, scientists have
tried to perform chemical bond formation
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at atomic and molecular levels which
is the reversal of bond dissociation.
Recently, a breakthrough has been made
in the field of single atom chemistry,
where a chemical reaction has been con-
trolled at both atomic and molecular
levels. Lee and Ho have used a low tem-
perature STM in an ultrahigh vacuum
environment to form a single bond between
a diatomic molecule CO and an Fe atom®.
They have characterized the reactants and
products by the STM topographical
imaging and Inelastic Electron Tunnel-
ling Spectroscopy (IETS).

In their method, a clean Ag (110) single
crystal surface was taken and Fe atoms
were evaporated and coadsorbed along
with CO molecules at 13 K with the forma-
tion of Fe(CO) and Fe(CO), molecules
on Ag surface using a STM tip. The en-
tire experimental set up was cooled to
13K for reducing the contamination rate
of the sample Ag surface during the co-
adsorption of Fe atoms and CO mole-

Figure 1.

cules in the gas phase. Fe atoms and CO
molecules formed a monolayer of cover-
age around 0.001 on the Ag surface.
Such a low coverage will prevent the
possible interactions among the Fe atoms
and the CO molecules on the Ag surface,
which makes the formation of Fe(CO)
and Fe(CO), virtualy impossible at the
cryogenic temperature.

The formation of a single bond between
an Fe atom and CO molecule involved a
series of steps. The topographical image
of the surface with coadsorbed Fe atoms
and CO molecules was taken at 70 mV
sample bias voltage and 0.1 nA tunnel-
ling current (Figure 1). In the first step,
the polycrystalline tungsten tip was posi-
tioned over a single CO molecule ad-
sorbed on the top of a Ag atom and the
CO molecule was transferred to the tip by
increasing the bias voltage to 250 mV
and ramping the tunnelling current from

transfer from the surface to the STM tip.
The tip with the attached CO molecule
was translated and positioned over an Fe
atom. Finally by reversing the bias volt-
age (- 70 mV) and the flow of electrons
in the form of a tunnelling current, the
CO molecule was transferred from the tip
to the Fe atom on the Ag surface. Thus
Fe—CO single bond was formed. An addi-
tional CO molecule was bonded to Fe(CO)
molecule in a similar way to form Fe(CQO)
In the STM images, Fe atoms and CO
molecules appeared as protrusions and
depressions, respectively (Figurea)l
The STM topographical image of the
Fe(CO) molecule indicates that the CO
ligand is not bonded perpendicular to the
Fe atom, but has an inclined configura-
tion. The inclined configuration of the
CO ligand on the Fe atom is probably
due to the localized electronic properties
of the Fe atom. The symmetric location

0.1 to 10 nA. A 180° rotation of the CO of two CO ligands on the Fe atom in
molecule has been observed during ite(CO) was also observed in the STM

b

STM topographical images showing chemical bond formation between an Fe

atom and a CO molecule. Image size, 63 A x 63 A; Bias voltage, 70 mV; tunnelling cur-
rent, 0.1 nA; Temperature, 13 K. a, Adsorbed Fe atoms and CO molecules on Ag (110)
surface. Red arrow indicates close presence of a CO molecule to an Fe atom and white
arrow indicates the CO molecule and Fe atom involved in bond formation; b, A CO
molecule is bonded to an Fe atom to form Fe(CO) molecule; ¢, Formation of another
Fe(CO) molecule; d, Formation of Fe(CO),. Reprinted with permission from Lee, H. J.
and Ho, W., Science, 1999, 286, 1719. © 1999 American Association for the Advan-

cement of Science.
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topographical image (Figured).

The results obtained from IETS are
strong proofs for the identification of
reaction products. IETS is a powerful
technique for the study of vibrational
modes of molecules adsorbed on the sur-
face of oxide layers in a metal-
insulator—-metal tunnel junctidn Elastic
tunnelling involves the tunnelling of
electrons from one metal to another
without loss of any energy. However if
molecules are adsorbed on the insulating
tunnelling junction between two metals,
there is loss of energy involved in the
vibrational transition of molecules. Beyond
a certain threshold value of bias voltage,
inelastic electron tunnelling occurs and
the plot of dl/dV? vs bias voltage gives
sharp peaks similar to those in infrared
(IR) absorption spectroscopy. The peaks
in the second derivative curves corres-
pond to various vibrational levels of the
molecules adsorbed on the insulating
tunnel junction between two metals. The
positions of the peaks give information
about the structure and bonding of ad-
sorbed molecules. The major advantage
of IETS over IR absorption spectroscopy
is its better sensitivity and resolution.
Extremely sharp peaks are observed and
there is no broadening effect of peaks
at the cryogenic temperaturBC'®0 and
13c80 cannot be distinguished from the
STM topographical images. Each isotope
in the products F&{C'0), Fefc0),
Fe(C™0),, Fef*Cc'®0), and Fef’C'®0)
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(**C™0) can be differentiated from the
peak positions of IETS. The Ag(110)
spectrum was considered as a reference to
all other vibrational pesks. The dc sample
bias voltage was ramped from 180 to
280 mV in each scan. Sharp peaks were
observed at 236 and 224 meV, respec-

pulation can be done by other scanningchemical transformations of binding a

probe microscopes. A modified Scanningdiatomic molecule to an atom using the
Force Microscope (SFM) has been usedSTM. The scientific community, espe-

for manipulation of various atoms and cially chemists hope that using the STM
molecules on various substrates (micamore complicated chemical reactions can
silicon, graphite, etc®f in a controlled be performed at the atomic and molecular
manner. This instrument is called a Nanodevels in the future.

tively for Fe(*’C’®0) and Fe(**C®0)
which correspond to C-O stretching. The
observed isotope shift between E&f®0)

Manipulator. A hand-held force stylus is
interfaced with the scanning tip of the
microscope. When the microscope is

and FefC®0) is 12 meV, which matches switched to the manipulating mode, the®

closely with other calculated and exp-scanning tip moves according to the,
erimental values. For FBC'0), and

and 220 meV, respectively. The productple. The manipulation force, speed and

of Fef?C®0) (°c™0) consists of mixed manipulation direction can be controlled 4.

isotopes. The IETS was recorded sepaby the user. After manipulation, the micro-
rately over?C*®0 and®*C'®0 and peaks scope can be switched back to the imag-

were observed at 235 and 223 meV. Théng mode to view the manipulation. This °:

observed isotope shift is 12 meV, whichcycle can be repeated as desired. Th

is the same as in the previous case. hand-held stylus is connected to the
Comparison of the corresponding acti-scanning tip by an integrated force feed-;

vation energy of desorption values indi-back loop. During manipulation, several

cates that CO can form stronger bondgparameters (modifying force, lateral force,g.

with an Fe atom compared to the Agtopography) are recorded simultaneously.
surface or tip. It was also observed thafThis Nano Manipulator has been used
due to the very low temperature of thein the manipulation of tobacco mosaic
study there was no bond formationvirus® and carbon nanotubksnd other
between an Fe atom and a CO moleculdiological and nonbiological materials.

in spite of their close presence as shown The STM junction behaves as a reactor
by the STM topographical images (Figureof atomic dimension in which tunnelling

motion of the hand-held stylus, thus enab-
Fe(*C'®0), peaks were observed at 234ling controlled manipulation of the sam- 3.
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1a). The STM tip plays a very important electrons and the electric field are proba
role in the bond formation between an Febly responsible in overcoming the ener-
atom and a CO molecule even at very lowgetic barriers between the stable bonding
temperatures.

sites of CO on the surface, tip and the FeJjjal Kumar Sur is in the Raman Res-

In addition to the manipulation of atoms atom. Lee and Ho have done a remarkaearch Institute, Bangalore 560 080, India
and molecules by STM, atomic mani- ble job by performing one of the simplest (e-mail: uks@rri.ernet.in)

Random selections

High pressure research

Experiments in the late eighties andphase with a, around 200 K. The insu-

nineties showed that the molecular crysdator-metal transition reportedly obser-
talline phase exhibits a rich variety of ved by experimental groups is shrouded
unusual properties as a result of formawith debate and controversy. The discus-
tion of several anisotropic crystalline sions cover a wide variety of opinions —
transforms (see review by H. K. Mao andfrom (i) reliability of experimental facts
Nearly 80 years ago, Wigner and Hunting-R. J. HemleyRev. Mod. Phys., 1994,66, themselves to (ii) possibility of metallic
ton predicted on theoretical basis that671). The phase diagrams of isotopicallybehaviour in the molecular phase itself
hydrogen that solidifies into a molecular pure hydrogen and deuteriumy&hd D)  instead of need to go through a molecular
insulating phase would transform into ahave been established on the basis dfo atomic phase of hydrogen. The story of
monatomic metallic phase at arounddiffraction data and spectroscopy of opti-Hi-T, in the metallic phase is more com-
25 GPa (1 bar = P(Pa). This transition cal vibrations of their solids. plex and at the same time interesting.
pressure got upgraded by further calcula- Theoretical studies in the seventies led The article cited here provides a
tions by others to a wide range up toto the prediction of HiF, superconduct- comprehensive review of this fascinating
1500 GPa. ing behaviour of hydrogen in the metallic subject.

‘Hydrogen at high pressure’
E. G. Maksimov and Yu. I. Shilov
Physics — Uspekhi1999, 42, 1121-1138
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‘Shock-induced transformation of liquid experimental measurements of laserof the liquid to a conducting metallic
deuterium into a metallic fluid’ driven shock waves in liquid deuterium, phase. They also state that ‘we find no
P. M. Celliers, G. W. Collins, L. B. Da held at 20 K. The shock velocity and evidence of a discontinuous behaviour of
Silva, D. M. Gold, R. Gauble, R. J. Wal- optical reflectance have shown a con-reflectance as a function of shock veloc-
lance, M. E. Foord and B. A. Hammel tinuous increase in the reflectance fromity such as might be expected if the met-
Phys. Rev. Lett., 2000,84, 5564-5567 less than 10% to a saturation valueallization occurred through a first order
around 50%. The authors conclude thaphase transition’, as has been recently
The article by Cellierst al. deals with this increase is indicative of the transitionpredicted by Monte Carlo simulations.

From the archives

said it is probably for this that Dr For- has come into being and is the centre of

ster’s name will be remembered withthe social life of the Institute.

honour and affection. . . . All these things, by whomsoever origi-
... there is much of obvious progressnated, demand for their successful carry-

to record. The greatest advance has beeing out constant attention and support

in Department of Electrical Technology, from the Director. . . .

mainly owing to the zeal and initiative of ... As his own personal contribution

Prof. Catterson-Smith. Wireless labora-to the scientific work of the Institute

tories have been equipped and a highmust be specially mentioned Dr Forster’s

tension laboratory and transformer roomeditorship of theJournal of the Indian

Vol. 1] APRIL 1933 [No. 10 have been provided, as well as a direcinstitute of Science. 165 parts of the
tion-finding hut, new rooms for battery Journal have been published during his

Dr M. O. Forster and the Indian and charging equipment and a new drawterm of office, each of which he has edi-

Institute of Science ing office. ted with meticulous care. In this way he

The number of students has increasedhas kept close watch over all the scien-
There is a basis of truth in the philoso-from 15 to 53 and the members of thetific work turned out from the labora-
pher's exclamation—Blessed is the staff from 3 to 8. tories, and has been able to impress his
country which has no history””. During  The Department of Biochemistry hasown high standards of excellence upon
the ten years of Dr Forster's Director- also developed, the number of studentstaff and students alike. At the close of
ship the Indian Institute of Science hashaving increased from 16 to 31. A pot- his tenure of office he has lent his sup-
pursued its peaceful way. There haveculture house, animal house, insectoryport to the new journaCurrent Science
been no students’ strikes or political and micro-analytical laboratory are amongwhich, while appealing to the scienti-
troubles, and a visitor to the annual gym-the extensions to the equipment of thefic public of the whole of India, has
khana prize-giving sees nothing butDepartment. its birthplace and helguarters at the
happy faces and generous camaraderie. The Departments of General and Orgadnstitute.
Some 400 students, including those afic Chemistry still retain their supremacy In brief then we may say that Dr
present in residence, have passed througiﬁ numbers, the students having increase@orster hands over to his successor,
the Institute during these ten years. It isfrom 52 to 58 and the staff from 4 to 8. Sir C. V. Raman, an institution full of
no small thing that these young men goExtensions in building and equipmentlife and possibilities, in good status,
out into the world, most of them to fill have also taken place. socially, scientifically and financially.
responsible appointments, all imbued Through the generosity of Sir Dorab The foundations have been well and truly
with sane and helpful ideals. When all isTata, a Students’ Gymkhana Club Housdaid, what will the superstructure be?
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