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Progress Report 

Significant results have been obtained from our program on high magnetic 

field studies of layer structure dichalcogenides and 3d'ferromagnetic metals. 

These results have contributed to a further understanding of the electronic 

structure in these materials including charge density wave transitions, 

anisotropic superconductivity, band structure, Fermi surface and magnetic 

phenomena. 

In the case of the charge density wave (CDW) materials we have been 

successful in measuring directly the effects of the CDW transitions through 

the use of quantum oscillatory transport and Raman scattering in highly 

perfect crystals. Modifications of this CDW structure by addition of impurities 

and new electronic characteristics introduced in this way have been measured 

and analyzed. In the 3d ferromagnetic metals data in the range 150-230 kG 

indicate new behavior in the magnetotran3port which will help in analyzing 

the details of the complex Fermi surfaces in these materials. Summaries 

of specific experiments are given below. 

Our program on electron tunneling has produced new results on using 

inelastic electron tunneling to determine the orientation of surface adsorbed 

molecules, interactions of molecules with surfaces and electron-phonon coupling 

in molecules. 

These results demonstrate some of the unique information that can be 

obtained on surface adsorbed molecules through the use of inelastic electron 

tunneling. The direct extraction of orientational information and the 

detection of bond modifications at the surface are examples of the information 

that can be obtained with this new spectroscopy. Further development with 

a variety of substrate surfaces is underway and the technique should be 
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useful in a wide range of surface studies where real rather dirty conditions 

prevail. (Non-ultra high vacuum). A variety of applications where a high 

sensitivity vibrational spectrum can provide useful information are underway 

and current results are outlined below. 

I. High-Field Magnetotranaport in Metals 

1. Quantum Oscillations in 4Hb-TaS2 and 2H-TaSe2 

These two layer structure materials have been produced in our crystal 

growth program with sufficient purity and perfection to observe many frequencies 

in the quantum oscillatory behavior of the magnetoresistance and Hall effect. 

Analysis of these oscillations has been used to delineate the effects of the 

charge density wave and the resulting gaping at the Fermi surface. Many 

small sections result from the formation of the CDW and these have been observed 

in both materials as shown in Figs. 1 and 2 and a rough comparison has been 

made to model calculations although further work will be required in order to 

obtain a complete Fermi surface picture. 

The 4Hb-TaS2 phase is rather complex with alternating octahedral and 

trigonal prismatic coordination in the layers. This gives rise to two charge 

density waves and an extreme anisotropy in electronic properties. The high-field 

ma&netoresistance and Hall effect show considerable evidence of magnetic break-

down of the CDW gaps while the high field results on 2H-TaSe2 which has only 

trigonal prismatic coordination show no evidence of magnetic breakdown and 

indicate the presence of much larger CDW gaps. 

Both of these studies are providing information on the unique and varied 

electronic structure problems that can be observed in these layer compounds. 

The role of charge density waves in determining electronic structure and the 
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direct: influence on transport properties is being investigated. Further 

detail can be found in the preprint (Document #0R0-3105-b5) entitled Quantum 

Oscillatory Transport in the Layer Structures 4Hb-TaS2 and 2H-TaSe,,. 

2. Quantum Oscillations and Magnetotransport in NbSe^ 

This trichalcogenide material does not form a layer type crystal 

structure but forms a structure giving a one-dimensional characteristic to 

the arrangement of niobium atoms. The temperature dependence of resistance 

shews the presence of two probable CDW transitions at 145 ind 59 K respectively. 

Excellent ribbon crystals have been grown and large amplitude quantum oscillations 

have been recorded in the magnetoresistance for the field range 15 - 230 kG. A 

large spin splitting has been observed in the low frequency oscillation of 

0.29 HQ and this along with the temperature dependence of the amplitude have 

been used to obtain an effective mass and g factor. An attempt to model the 

Fermi surface is currently underway. 

3. Superconductivity in Intercalated 2H-TaS2 

Further work on the critical field anisotropy of Fe doped 2H-TaS2 has 

been completed and a tunneling model for pair tunneling between layers seems 

to explain the results. The extreme superconducting anisotropy observed in 

both the Fe doped 2H-TaS2 and that doped with organic molecules falls into 

the same range of reduced coupling between layers and suggests a direct 

correlation between electron tunneling and layer separation with a barrier 

determined by the van der Waal gap. The analysis ulso indicates that the 
» 

charge density wave may play a critical role in determining the superconducting 

transition temperature and this will be explored by doping with a range of 

impurities. 
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4. Quantum Oscillations, Magnetoresistance and Hall Effect in Iron 

Several additional results on quantum oscillations and high-field Hall 

effect in the field range above 180 kG have been obtained. A new frequency 

with a value of 48 MG and additional data on the high-field sign reversal 

in the Hall effect have been obtained. Both of these results require 

additional analysis in terms of the detailed orbits which can exist on the 

Fermi surface and may require the existence of interference orbits and 

intersheet scattering mechanisms. An alternative interpretation could 

involve a critical magnetic breakdown field which is a function of relaxation 

time T. Both the above effects and a complete analysis of the quantum 

oscillatory frequencies is progressing well. 

5. Magnetic Scattering in Fe Doped Layer Structures 

Iron doping of the layer structure materials 2H-NbSe2 and ZH-TaSej 

quenches the charge density wave and forms a magnetic moment on the iron to 

produce a resonant magnetic scattering. Initial results from this lab were 
1 2 

previously reported ' . During the current contract period we have completed 

these studies in fields to 230 kG and have carried out extensive analysis in 

terms of the s-d exchange scattering model. A good agreement with the theory 

has been obtained to describe the logarithmic temperature and field dependence 

of the magnetoresistance and Hall effect. This analysis has allowed us to 

extract good values of the exchange constants and the framework of under-

standing in view of the high crystal anisotropy would be useful, but the 

present experimental work and analysis forms a complete picture. Details can 

be found in the enclosed preprint (Document #ORO-3105-54), 
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6. Oscillatory Magnetoresistance of Gallium 

A new study of magnetic breakdown generated oscillations in gallium 

has been completed and for H along the c-axis a rich spectrum including 

five new previously unreported frequency components has been observed. 

These have been analyzed in terms of the best available Fermi surface model 

and consideration of the one dimensional coupled orbit network which had 

not been previously considered. The results of the analysis show only partial 

consistency with the model and further refinement will be required. Details 

can be found in the enclosed preprint (Document #0R0-3105-58). 
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II. Electron Tunneling Studies of Surfaces and Molecules 

1. Surface Orientation of Adsorbed Ring Compounds 

We have confirmed in a series of experiments that the intensity of the 

inelastic tunneling modes may be strongly correlated with the ring orientation 

relative to the alumina substrate. This was demonstrated by comparing IETS 

intensity for a series of benzoate substituted rings versus nitro substituted 

rings adsorbed on aluminum oxide. In the benzoate case the mode intensity is 

strong while in the nitro case the intensity is low. Identification of the 

individual ring modes involved has shown a general consistency with the 

orientational tunneling selection rules and clearly helped to establish IETS 

as a reliable spectroscopy for surface adsorption orientation problems. 

However, all aspects of the coupling of the tunneling electrons are not 

understood and further experimental and theoretical analysis will be required. 

Further details can be found in the preprint (Document //ORO-3105-53) • 

2. Studies of Bond Polarizability and Electron Distribution 

Once having established the orientation and surface interaction described 

above a series of molecules can be studied where the surface orientation 

remains relatively constant. Changes in mode intensity as different substi-

tuents are added to a ring site can then be interpreted in terms of changes 

in bond polarizability. We have demonstrated such effects in the tunneling 

spectra of halogen substituted benzoic acids and clearly many additional 

possibilities exist for this type of study (see Document #ORO-3105-53). 

3. Electron-phonon Coupling Constants in Molecules 

In a series of experiments using molecules of relatively high symmetry 
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we have been able to establish a strong correlation between the strongest 

tunneling modes and those vibrational modes which show large lin<ar electron 

phonon coupling constants as determined by calculation and by analysis of 

photoelectron and uv adsorption data. Tunneling data on TCNQ derivatives 

show that the molecules are adsorbed with the rings parallel to the surface 

and a strong correlation with the Raman spectrum of the ionized form can be 

established. This has been used to identify the symmetry of the specific 

IETS modes and in turn the relative intensity of these modes has been 

compared to the modes with large linear electron-phonon coupling constants. 

A high degree of correlation has been found to exist and additional experiments 

are underway on such compounds as C^F^ and other flourobenzenes for which 

calculations of electron-phonon coupling constants exist. These experiments 

will develop further details of the analysis and we can explore its use as 

a method for obtaining information on electron-phonon coupling constants in 

molecules. This analysis will also help in working out the detailed mechanisms 

of inelastic electron tunneling such as to what degree does the tunneling 

electron form an intermediate state with the molecule? 

4. uv Radiation lamage and Photochemistry 

We have developed an ultra high-vacuum technique and system for irradiating 

junctions with uv light at the intermediate doping step. Initial results on 

an intermediate sized molecule such as adenosine monophosphate show that 

differential damage to the various bonds can be detected as shown in the series 

of spectra in Fig. 3. Further experiments on both simpler and more complex 

molecules are underway as well as the possible detection of photo-induced 

reactions between molecules. 
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5. Tunneling Spectra of Biological Molecules 

This program is proceeding to see if the high sensitivity IETS technique 

can be a useful tool in molecular biological studies. This is also a good 

experimental ground on which to test the limits of resolution of the IETS 

method. We have been obtaining spectra on various DNA and RNA molecules 

and have succeeded in improving the resolution to the point where it is at 

least comparable to infrared data on the same molecules as shown for example 

in Fig. 4. There is a good possibility that further work on the electronic 

signal processing as well as the junction fabrication and mounting procedure 

can Improve the resolution even more. We are at present developing a 

computer processing and signal averaging technique for plotting the data 

output and expect that this will Improve the resolution obtained for the weak 

vibrational modes. 



III. Susceptibility and De Haas van Alphen Experiments 
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The construction of apparatus for both of these experiments has been 

completed and initial results have been obtained. De Haas van Alphen 

measurements on 4Hb-TaS2 are being used to determine effective masses and 

to confirm and explore more details of the quantum oscillatory behavior an 

example of which is shown in Fig. 5. Anisotropic susceptibilities of doped 

layer structure crystals as reported in Document #0110-3105-46 are being 

continued and should reflect on the unusual electronic properties introduced 

in these highly anisotropic metals. 
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and D. J. Sellmyer, AIP Conference Proc. 29, 400 (1976), Document ORO-3105-46. 

7. "Raman Scattering From lT-TaS2", J. R. Duffey, R. D. Kirby and R. V. Coleman, 

Solid State Communications 20, 617 (1976), ORO-3105-5I. 

8- "Improved Sensitivity for the Superconducting 'Chopper' Amplifier", Rev. 

Sci. Inst. 47, 1457 (1976) Document ORD-3105-57. 

Papers Accepted for Publication During the Current Contract Period May 1. 1976-
Aprll 30. 1977 

1. "Inelastic Electron Tunneling Spectroscopy of Single Ring Compounds Adsorbed 

on Alumina", C. S. Korman and R. V. Coleman, Phys. Rev. B (February 15, 

1977), Document 0R0-3105-53. 

2. "Oscillatory Magnetoresistance of Gallium", R. L. Brown and C. B. Friedberg 

Phys. Rev. B. (to be published), Document ORO-3105-58. 



2. "Magnetotransport and Superconductivity in Dilute Fe Alloys of NbSe^j 

TaSe2 and TaS^', D. A. Whitney, R. M. Fleming and R. V. Coleman, Phys. 

Rev. B (April 1, 1977), Document ORO-3105-54. 

Papers Submitted for Publication 

1. "Oscillatory Magneto Transport in the Layer Structures 4Hb-TaS2 'ma 

2H-TaSe2", R. M. Fleming and R. V. Coleman, submitted to Phys. Rev. B, 

Document ORO-3105-55. 

Talks at Professional Meetings 

1. "A New Spectroscopy: Inelastic Electron Tunneling", R. V. Coleman 

invited talk, Southeastern Section of American Physical Society Meeting, 

Virginia Beach, Virginia, November 12, 1976. 

2. "Magnefcotransport in 4Hb-TaS2 and 2H-TaSe2 to 230 kG", R, M. Fleming 

and R. V. Coleman, to be presented at American Physical Society Meeting, 

March 21-24, 1977, San Diego, California. 

3. "Oscillatory Magnetoresistance in NbSe3", R. M. Fleming and R. V. Coleman, 

to be presented at American Physical Society Meeting, March 21-24, 1977, 

San Diego, California. 

4. "Correlation of Inelastic Tunneling Intensity and Electron-Phonon Coupling 

Constants In Molecules", C. S. Korman and R. V. Coleman, to be presented 

at American Physical Society Meeting, March 21-24, 1977, San Diego, 

California. 

Degrees Awarded 

Robert M. Fleming, Ph.D., University of Virginia, August 1976 

Thesis: "Oscillatory Magnetoresistance in 4Hb-TaS2 and Superconductivity 
in Dilute Alloys of TaS with Fe"* 
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Degrees Awarded (continued) 

William H. Lowrey, Ph.D., University of Virginia, August 1976 

Thesis: "High-Field Galvanomagnetic Properties of Iron". 

Donald A. Whitney, Ph.D., University of Virginia, May 1977 

Thesis: "Resistivity and Hall Effect in Dilute Alloys of TaSe., NbSe 
and NbTe2 with Iron" 
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Figure Captions 

Fig. 1 Quantum oscillations in 2H-TaSe2 recorded in the magnetic field 

range 100 - 230 kG. Fourier transform shovn in lower curve resolves 

11 frequencies in the range 1.6 to 45 MG. 

Fig. 2 Quantum oscillations observed in 4Hb-TaS2 in the magnetic field range 

100 - 230 kG. Upper curve shows magnetoresistance as a function of 

inverse field. Lower curve shows Fourier transform which resolves 7 

frequencies in the range 1.05 to 5.5 MG. 

Fig. 3 Inelastic electron tunneling spectrum of uridine-monophosphate 

recorded after uv exposures of 0, 1, and 10 min. Ring modes 

associated with the base residue are the'first to preferentially 

damage and are indicated by the vertical lines. 

Fig. 4 Inelastic electron tunneling spectrum of calf thymus DNA between 

200 and 1700 cm Agreement with the Raman spectrum of solid calf 

thymus DNA is excellent and resolution is comparable. 

Fig. 5 De Haas van Alphen oscillation^ recorded for a single crystal of 

4Hb-TaS2» The low frequency of .04 MG grows and then abruptly dies 

above 15 kG indicating the onset of magnetic breakdown. 
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