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I. Introduction 

During the current contract period, starting November 1, 1976, the 
following activities were carried out. 

The attempt to develop a more accurate method of determining the 

optical and dielectric properties of liquids and solutions has continued. 

In this method the ionization in the vapor adjacent to the liquid is used 

to monitor the photon beam strength before and after reflection. The ratio 

of ion currents is simply related to the reflectance which can in turn be 

analyzed to yield the electronic properties of the liquid. The fifth design, 

triad this year, eliminated all problems found previously and gave highly 

accurate values for the reflectance of a well-known sample, gold. A system 

for monitoring the height of the liquid sample (necessary to obtain the 

highest precision with this technique) was found to be adequate for the low 

vapor pressure liquids, but to be insensitive for water samples because of 

vapor ionization collected by the monitoring probe. Preliminary data on 

reflectances of liquids show order-of-magnitude improvement in accuracy over 

data taken previously. 

Optical constants were determined for four organic solvents, formamide, 

triethylphosphate, dimethylacetamide and hexamethylphosphorictriamide in the 

in the spectral range from 2 to 10 «V using a closed-cell, semicylinder 

technique. Measurements will be repeated in this energy range and extended 

to 25 eV using the reflectance by gas ionization technique. 

Optical parameters of chlorophyll have been determined using a closed 

cell technique from 2 to 9 eV. Thin uniform films of chlorophyll on thin 

uniform films of polystyrene supported by mesh grid have been prepared for 

transmission measurements to 82 eV. Efforts to study the purple membrane 
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Halobacterium Halobium for measurement in solution or as dry films was 

postponed until greater quantities of the material becomes available. 

Methods for preparing thin films of mica, polystyrene and 

polyethylene have been investigated. Films of mica, a possible window for 

liquids in the vacuum UV have been obtained by cleavage as thin as 2 microns. 

Thin films of polystyrene are being used as substrates for chlorophyll 

transmission measurements. Polyethylene is being studied to determine the 

optical properties and its possibility as a UV transparent substrate for 

organic materials. 

Studies were initiated on the scintillator p-terphenyl. Thin films 

of organic specimens can be sublimed onto the scintillator supported by a 

glass plate (or any material transparent to scintillated light). This would 

overcome the problem of high energy cutoff of the substrates normally used 

in vacuum UV studies and thus extend the transmission spectrum beyond 10 eV. 

Studies on an artifically prepared lipid were proposed for the 

current contract period. Polar groups of epg lecithin (a-phosphoryl choline) 

from which hydrocarbon chains have been removed was prepared under the 

direction of Dr. V. A. Parsegian, NIH, Washington, D.C. However, disinte-

gration of the lipid occurred before measurements could be made 

One paper, "Automatic Concentric Shaft Reflectometer for Use in the 

Vacuum UV," Rev. Sci. Instrum. 47 , 1065 (1976) was published since submission 

of the last progress report. Two papers were accepted for publication during 

the current contract period: "Measurement of Reflectance by Gas Ionization," 

Applied Optics, Sept. 1977 [ORO-3861-23], and "Isotopic Effects on the 

Electronic Properties of H20 and D20 in the Vacuum UV," J. Chem. Phys. August 

15, 1977 [0R0-3861-22] . Two papers were submitted for publication: "A Simple 

Electrometer-Ratiometer of High Sensitivity and Precision," Health Physics 

Journal, and "Optical Constants and Dispersion Equations of Lecithin, 
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Cholesterol, Fucose and Chloroform. Measurements in Vacuum-Ultra-Violet to 

Visible Wavelength Regions," Analytical Biochemistry. One paper is ' 

currently in preparation; "Vacuum Ultraviolet Optical Properties of Organic 

Solvents: Formamide, Triethylphosphate, Dimethylacetamide and Hexamethyl-

phosphorictriamide," proposed for submission to Biophysical Journal. 

II. Precision Measurements of the Electronic Properties of Liquids 
and Solutions 

Over the last several years the optical and dielectric properties of 

a dozen liquids have been determined between photon energies of 3 and 

26 electron volts using the reflectance technique. In all liquids a 

collective electron resonance has been found as predicted by Platzman for 

water. The chemical and biological consequences of this energy absorption 

mechanism are under study at several laboratories throughout the worL . 

The difficulties of making reflectance measurements to high accuracy (less 

than 1% uncertainty) are exacerbated for liquid surfaces because of the 

presence of the vapor in the optical path. In an effort to improve the 

accuracy of the reflectance measurements and hence the derived dielectric 

functions (where the reflectance uncertainty is amplified by an order of 

magnitude), we have attempted to introduce a new measurement technique 

which avoids one of the principal causes of uncertainty, the gold reference 

mirror, and takes advantage of the presence of the vapor. In this method, 

the ionization of the vapor along the optical path both before and after 

reflection at the liquid is measured with a double ion chamber. The 

instantaneous ratio of these ion currents is the required reflectance 

independent of fluctuations in the light source. 

Since last year we have designed and built two additional ion 

chamber systems (five in all). The final design has achieved adequate 
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control of photoemission from the liquid, electrical leakage, and 

extraneous currents. The final design is shown in Fig. 1. The outer 

metal box is kept at ground potential and serves as a mount for the 

insulated inner metal box held at a positive voltage which supplies the ion 

chamber field. The teflon standoff insulators (not shown) supporting the 

collector wires in each chamber (which a^e near ground potential) are also 

mounted on the outer grounded box. Thus the outer box serves as a guard 

electrode, and no leakage currents (< 10"14 amperes) are found on collector 

wires even at collector voltages of up to 100 volts. The design in general 

is complicated by the small sizes involved which are, in turn, dictated by 

photon mean free paths in the pressure regions used. That is, larger sizes 

with longer paths would have resulted in unsuitably large photon beam 

attenuations. 

The outer grounded box faces the sample, which is maintained at a 

high enough positive voltage to suppress photoemission from it ('v- 20 volts). 

Ionizations of gas molecules in the region between the box and sample create 

electrons and ions which are attracted to and collected by the sample and box, 

respectively. Little collecting field leaks through the entrance and exit 

slits in the monochromator, and hence ions formed before or after beam 

passage through the two chambers are collected by the slits or recombined 

with their geminate electrons. Attention to these currents is necessary if 

ion chamber saturation is to be achieved. We have varied the sample potential 

Vc and the collection potential Vp to assure that the reflectance of a gold 

reference was independent of these. In Fig. 2 the ion current ratio is plotted 

as a function of Vc, the sample potential, for a box potential Vp of 30 volts, 

and a pressure of 1000 y of air. It can be seen that the current ratio is 

independent of sample voltage for Vc 20 volts, a not surprising observation 
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for photoelectron energies of a maximum of ̂  IS eV resulting from 841 A 
photons. 

With the sample held at 30 volts, the ratio was measured as a 

function of box potential Vp, and these data are shown in Fig. 2 also. Here 

a saturation of the ion chamber is found between 15 and 35 volts with a 

slight increase in ratio above this latter potential. 

The third parameter which could be varied was the pressure, and such 

data are shown in Fig. 3. The exponential behavior predicted by theory is 

clearly seen. That is, theory predicts that the current ratio should decline 

with pressure exponentially. 

where R is the reflectance of the surface and gamma is a constant at each 

wavelength which involves the dimensions of the chambers and the ionization 

and excitation cross sections of the gas. An overall decrease in ratio of 

about a factor of two is seen out to 5000 y. This is a typical decrease to 

be expected if studies are made on aqueous solutions, for the vapor pressure 

of water is 4579 m at 0°C. The data extrapolates to a value of R = 0.1247 

at P = 0 for a gold surface. The 95% confidence limits are 0.1255 and 0.1240, 

and the value of 0.1247 agrees with the literature values of 0.125 given by 

Canfield, Hass, and Hunter [J. De Physique 25., 124 (1964)]. 

One of the problems which have not been solved completely satisfactorily 

has been the determination of the height of the liquid surface. If the liquid 

level drops due to evaporation, the reflected beam will move to the right 

in Fig. 1 and may strike the walls of the ion chambers. This will cause an 

error in the ion current in the right chamber. A solution to this problem 

was suggested by Dr. H. H. Hubbell, Jr.; namely,,place an electrode in the 
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reflected photon beam after it exits from the second chamber. Then motion 

of the beam due to change in liquid level will shift the beam off the 

electrode, resulting in a change in the current of photoelectrons emitted 

from it. Thus a measuring of this current would monitor the liquid level. 

Unfortunately the photon beam will also ionize the gas in the vicinity of 

the electrode, and positive ions will be collected which will look like 

photoelectrons emitted. That is, there will be a "background" ion current 

which would tend to mask the photoelectron current. A calculation of the 

total current as a function of pressure is plotted in Fig. 4 for two values 

of photoelectron yield, 0.01 and 0.001. At low pressures the ion current 

is a small proportion of the total, and the latter is sensitive to liquid 

level. This is not so at higher pressures, and the method would not be 

useful here. 

The ion chamber was outfitted with this electrode, but results were 

inconclusive due to other problems. Apparently the idea would be useful 

with low vapor pressure liquids but not with water or water solutions. 

One spin-off development should be noted. Tests have been completed 

on an electrometer-ratiometer developed in cooperation with F. M. Glass of 

of Oak Ridge National Laboratory. No ratiometer suitable for very 

small currents is commercially, available, and our model should be useful in 

many health physics and other applications. 

Ill. Extrapolation of Current Ratios to Zero Pressure 

Last year we showed that the ratio of photoinduced ion current after 

beam reflection to that before reflection was an exponential function of 

pressure in the cell. 

I/I0 = Re"YP 
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While in theory one can measure currents at several pressures and fit 

the data by least squares to the above function, a simpler if not quite as 

accurate a method is to get data at just two pressures, Pj and P2, and solve 

the above equation for the reflectance R. Thus, if Pi < P2 

This equation was often used during preliminary reflectance measurements. 

IV. Background Corrections 

leakage, and leakage to ground on the one hand, and scattered light on the 

other are generally low because of the exceptional characteristics of the 

operational amplifier, and the lack of sensitivity of the system to light of 

wavelength below the ionization potential of the gas. Nonetheless they must 

be subtracted from the ion currents before ratios are taken. A common 

practice is to measure the currents at wavelengths beyond the spectra being 

used and assume that the background varies smoothly and linearly from one 

extreme wavelength to the other. That is, if IL and IH represent background 

currents at low and high wavelengths XL and Ajj, then the background Ig X 

any wavelength X between AL and XH is 

V. Low Vapor Pressure Organic Solvents 

Figures 5 through 12 show the index of refraction and absorption 

coefficient of the low vapor pressure organic solvents formamide, triethyl-

phosphate, dimethylacetamide, and hexamethylphosphorxctriamide in the energy 

The background currents due to amplifier bias current, interchannel 
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range from 2 to 9.2 eV. The reflectance was determined using a closed cell 

uethod employing quartz suprasil and CaF2 semicylinders [L. R. Painter, R. D. 

Birkhoff, and E. T. Arakawa, J. Chem. Phys. 51_, 243 (1969)]. The real and 

imaginary parts of the complex index of refraction and complex dielectric 

function as well as the energy loss function have been determined for each 

solvent. The data is currently being interpreted and prepared for submission 

to Biophysical Journal. 

To date, solutions of organic material have been prepared using solvents 

of high vapor pressure, e.g. water, chloroform, 2-chloroethanol. While it is 

possible to study these solutions using a closed cell technique, the high 

vapor pressures n-.l.e them not amenable to study beyond 10 eV with the 

windowless photoemission technique. Hence, low vapor pressure organic solvents 

axe essential to solution studies in the 10-25 eV spectral region. 

Formamide, a widely used organic solvent, was chosen for study 

partially because of its possible use as a solvent for DNA. The optical 

properties of thin solid films of DNA have been reported in the energy range 

from 2-82 eV [T. Inagaki, R. N. Hamm, E. T. Arakawa, and L. R. Painter., 

J. Chem. Phys. 61, 4246 (1974)] [0R0-3861-15]. Attempts to measure aqueous 

solutions of DNA have been unsuccessful due to (1) the high vapor pressure of 

the solvent, (2) the low concentrations possible 3% DNA in water) and 
o 

(3) the strong absorption exhibited' by water in the region around 1700 A 

(7 eV). While the first two problems would be reduced using the solvent 

formamide, the degree to which the absorption near 7 eV in formamide would 

mask the DNA spectra is yet to be determined. 

While formamide, dimethylacetamide and hexamethylphosphorictriamide 

exhibit strong absorption peaks near 7 eV which are associated with excitation 

of w electrons, there appears to be at present no strong absorption in this 

vicinity for triethylphosphate. The first peak in the latter will be apparently 
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near 9 eV when measurements are extended using the windowless technique. 

This peak is associated with a -*• a* excitation. Should there indeed be 

small contribution from n electrons (associated with the P=0), then triethyl-

phosphate would be an important solvent for the study of organic molecules 

in the spectral region below 9 eV. 

Dielectric parameters of both solvent and solution are of fundamental 

important in i:he calculation of Van der Waals forces between systems in 

problems of cellular contact. The sum of attractive and •"epulsive forces 

acting between cells determines whether the net force will be attractive or 

repulsive and thus whether cells will come into contact and remain in contact. 

•I. Chlorophyll 

The real and imaginary parts of the complex refractive index as a 

function of wavelength are shown in Figures 13 and 14, respectively. The 

absorption spectra for chlor' hyll is similar to that reported for chloroplast 

[M. W. Williams, E. T. Arakawa, R. D. Birkhoff, R. N. Hamm, H. C. Schweinler, 

and R. A. MacRae, Rad. Res. 61, 185 (1975)]. Chloroplast is a self-contained 

photosynthesizing unit containing chlorophyll. Chlorophyll constitutes -v 5% 

dry weight of complete chloroplasts. Apparent in the chlorophyll absorption 

spectra of Fig. 10 is the well known Soret tt -»• tt* excitation at 4350 A 

(2.85 eV). This data was obtained using sapphire and CaF2 semicylinders in 

the closed cell mivthod. The chlorophyll was extracted from spinach leaves 

with methanol. Various methods of fill preparation on the flat surface of the 

semicylinder were attempted. The smoothest solid films of chlorophyll 

were obtained when the solution of chlorophyll in methanol was sprayed from an 

airbrush onto the substrate. 

This same airbrush method was used to prepare thin solid films on 

films of polystyrene supported by 100 lpi mesh. To be transparent to photons 



10 

in the UV and soft x-ray regions it was necessary to prepare very thin films of 

both chlorophyll and polystyrene. Problems associated with this are the 

nonuniformity in thickness of both the chlorophyll and the polystyrene. 

Chlorophyll tends to form small islands as it is dried on the substrate 

from the methanol solution. Polystyrene is prepared by first dissolving 

sheets of the material in cyclohexane diluted with benzene. A drop of 

the solution is placed on water. The film formed is lifted on the mesh 

screen. Transmission measurements have been made on the films using 

synchrotron radiation. The results as yet are inconclusive. 

A recently described technique by P. Hou and R. P. Rampling 

[J. Appl. Phys. 47_, 10, 4572 (1976)] involves subliming a specimen 

directly onto a scintillator (p-terphenyl) which needs to be supported 
* 

only by a material transparent to scintillation light. Attempts are now 

being made to sublime chlorophyll onto p-terphenyl and determine the 

transmission. This work is a collaborative effort with E. T. Arakawa, ORNL. 

One outgrowth of this effort is the absorption spectra of p-terphenyJ. 

It is possible that p-terphenyl will be used as a coating for fibers in the 

study of surface plasmon resonances on cylinders currently conducted by 

R. D. Birkhoff at ORNL. 

The proposed companion study to chlorophyll on the purple membrane 

Halobacterium Halobium was temporarily discontinued for lack of sample. 

Several "drops" of the membrane was obtained from Dr. Dave Robertson of the 

Department of Anatomy at Duke University. It was proposed that a sample 

quantity sufficient for.several film preparations would be obtained from 

Dr. Robertson via Dr. Jim Azzi and Dr. W. Arnold of the Biology Division, 

ORNL, who were growing the cultures. However, to date there have been 

problems obtaining the purple membrane. The live cultures form the purple 

membrane only during death by oxygen starvation under controlled conditions. 

The studies will be resumed when sufficient sample is available. The membrane 
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is of interest because of its potential as a direct converter of solar 

energy. It is much less efficient than chlorophyll but is more convenient 

to work with since it readily spreads into a thin sheet on a liquid surface. 

VII. Lecithin 

To date no measurements have been made on the polar groups of egg 

lecithin (a-phosphoryl choline) from which hydrocarbon chains have been removed. 

Samples of the material were prepared under the direction of Dr. V. A. Parsegian, 

NIH, Washington. However, the samples began to disintegrate soon after 

preparation. Apparently the cadmium salt, which is being obtained commercially, 

is more stable though it is not known what the cadmium does to the spectra. 

The dielectric properties of this artificially prepared lipid are of 

particular interest to Dr. Parsegian in the calculation of Van der Waals 

forces between layers covered with lecithin. The polar groups of egg 

lecithin from which hydrocarbon chains have been removed are attached to the 

membrane layers and hence affect the forces between membranes. The dielectric 

properties of the lecithin, are required to calculate the polarizability of 

the molecules. 

During the remainder of this contract period thin solid films of the 

cadmium salt will be studied for spectral response of the molecule and 

contribution of the cadmium. Preparation of multilayers of the material will 

be examined, following which behavior of the lecithin in water will be 

examined. 
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