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ABSTRACT 

We have applied NRA and RBS as well as resonant backscattering techniques as analytical 

tools in the fabrication of carbon based drug delivery bio-implants, electrodes for batteries, and 

devices to entrap or filter specific toxins. The precursor used in this process is made up of resol 

CTHJOJ, a liquid, which converts to fully cured phenolic resin C?H60, of specific gravity 1.25 on 

heating at 170°C. This resin further transforms, without disruption and with no change in shape, 

to glassy carbon of specific gravity 1.45 on heating to 1000°C. The final product consists of long 

ribbon-like molecules of sp2 carbon atoms aggregated locally to form sub-crystalline domains 

arranged randomly in space. RBS and NRA techniques were used in measuring the porosity 

before and after activation, in concentration profiling of stored drugs before and after leaching, in 
» 

detecting low level light element impurities, and in detecting changes in the structure of the device 

due to the fabrication process. 
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INTRODUCTION 

Resol CyHg02, a liquid resin, is the precursor used in the fabrication of carbon based battery 

electrodes, drug delivery bio-implants, and devices to entrap or filter specific toxins. Thermally 

treated, it becomes a fully cured phenolic resin C ^ O , with a density of 1.25 at 170°C which 

increases to 1.48 at 230°C and to 1.45 at 1000°C. This transformation occurs without disruption 

and with no change in shape. The final glass-like product, which earned it the name Glassy 

Polymeric Carbon (GPC), consists of long ribbon-like molecules of sp2 carbon atoms aggregated 

locally to form sub-crystalline domains arranged randomly in space [1]. 

This material can be a host for several drugs whose ions can be incorporated in the pores and 

released in a controlled manner. As the first step we used lithium ions, well known for treatment 

of nervous disorders. Our research into the fabrication of these carbon based devices necessitates 

the use of analytical techniques such as Rutherford Backscattering Spectrometry (RBS) and 

Nuclear Reaction Analysis (NRA) to measure changes in the structure of the material and the 

concentrations of impurities introduced into the resins during and after sample preparation. We 

used RBS, which is sensitive to the relatively heavy atoms that occupy lighter host material, to 

measure the porosity of the material before and after increasing it. NRA is suitable to detect light 

elements such as lithium by examining the nuclear reactions which occur between the projected 

ions and the target atoms. These techniques make it possible to detect and quantify with ease and 

precision the existence of light trace elements in a carbon matrix. We used NRAs such as Proton 

Induced Gamma Emission (PIGE) and (p,oc) reactions to measure the concentrations of lithium 

during and after fabrication. 
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EXPERIMENTAL PROCEDURE 

GPC devices were prepared by various techniques such as, 1) activating the material by heavy 

ion bombardment such nitrogen, copper, oxygen, and gold and subsequent introduction of lithium 

salt into it, 2) changing the electrochemical potential by implanting lithium into the GPC, 3) 

introducing the lithium salt into the precursor before pyrolysis, 4) introducing lithium into 

pre-pyrolized GPC samples by soaking them in molten lithium bath. In this presentation we will 

emphasize the latter two techniques as well as the gold bombarded activation of GPC. 

Lithium was introduced into GPC by dissolving lithium nitrate (LiN03) in resol which was 

then poured onto a slowly rotating glass plate, to produce a flat sheet about 1 mm thick and 20 

cm in diameter. This was cured by heating to 100°C, with a temperature increment of about 

25°/day, and kept at this temperature for 48 hours. The impregnated resin was cut into 1 cm2 

pieces, placed in an electrographite coffin and heated to 500°C at 4°/hour in a non-oxidizing 

environment in a vertical furnace. After allowing the furnace to cool to room temperature, 

samples were then heated to 500°C at 1007hour and each set separately to 550°C, 600°C, 650°C, 

700°C at 3°/hour. Some samples were further heated at 10°/hour from 700°C to 1000°C. In order 

to simulate the human body environment for lithium drug delivery by leaching, four samples from 

each impregnated set were soaked in phosphate saline solution for 100 hours at room 

temperature. 

The amount of lithium leached out of the GPC, by soaking the samples in a phosphate saline 

solution, was measured using NRA with a 40 nanoampere, 1.03 MeV proton beam and two 

silicon surface barrier detectors, one at 170° and the other at 115° to the beam. The GPC+Li 

samples were tilted 36° toward the detectors to increase depth sensitivity for NRA. This 

configuration allowed us to perform Li7(p,a) NRA [2]. The yield of the Li7(p,a) reaction was 
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observed 16 um into the surface of the heat treated carbon before and after soaking in saline 

solution. The proton energy was selected to have the highest lithium detection sensitivity 16 am 

into surface adsorption by the GPC with minimum accessible pore volume. We used the alpha 

spectra from the detector at 170° for depth profiling of the absorbed lithium. The solid angle for 

this detector is 0.65 msr and the detector to target distance is 13 mm [2,3]. 

In other experiments, pure GPC samples were prepared and pyrolized in argon at 500°C, 

600°C, 700°C and 1000°C. To make the material porous for increased lithium absorption, pieces 

of the heat treated samples were then bombarded with 10 MeV Au atoms with uniform fluences 

of 1O14, 1015, and 1016 Au atoms per cm2. This bombardment makes available the pores of samples 

heat treated at higher temperatures to which the material is normally impermeable. One 

unmodified piece was reserved for comparison. These samples were heated at 700°C for one hour 

in molten lithium chloride and subsequently cooled to room temperature in argon. They were 

then cleaned in ethyl alcohol and compared by simultaneous RBS and NRA, for trace element 

analysis [4,5]. We used a 10 nanoampere 1.03 MeV proton beam, two silicon surface barrier 

detectors, at back angles 170° and 155°. Alpha particles from the Li(p,2a) (Q=l 7.256 MeV) 

reaction were observed from the near surface region of the samples [2]. 
* 

RESULTS AND DISCUSSION 

In Figure 1, the NRA results show a significant reduction in the concentration of lithium in 

GPC samples heat treated to 500°C, 5 SOX, 600°C and 700°C, before and after soaking in a 

standard saline solution leaching agent. The above EBA results indicate that the rate of drug 

delivery can be controlled by changing the heat treatment temperature in the impregnated 

material. 
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Figure 2 shows the RBS spectrum from the activated GPC, 10 MeV gold bombarded, 

obtained with 3,04 MeV a-particles. The Au atoms accumulate at a depth of about 2.5 ^m. The 

nuclear resonance-enhanced peak near channel 200 is a result of the oxygen at the surface. The 

other smaller peaks at channels above 300 indicate the process added surface contaminants and 

their small concentrations do not play any role in this experiment. 

Comparing the RBS results from untreated GPCs with the RBS/NRA results of the Li-treated 

GPCs, no observable change in the carbon yield was found, while alphas were detected by the 

115° detector at the higher channels were indicative of the Li7 (p,oc) nuclear reaction. These were 

observed only for the lithium treated GPCs which means the concentration of introduced lithium 

in the GPC device was below the RBS sensitivity. The absolute lithium atomic density profile was 

calculated from the integrated incident charge and from the measured profile of the emitted alpha 

particles for each GPC. 

CONCLUSIONS 

We conclude that NRA and RBS are very straight forward analytical techniques in detecting 

and profiling changes in the impurity concentrations and structure of the fabricated devices from 

GPC. RBS is well suited to depth profiling and detecting heavier elements while NRA 

complements RBS in detecting the light elements (such as lithium) whose RBS signals are 

obscured by those from the heavier elements. Simultaneous RBS and NRA analysis is 

advantageous in that it reduces systematic errors. 
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Figure captions 

Figure 1. NRA results of lithium concentration from GPC+Li samples heat treated to 500 °C, 

550°C, 600 °C and 700 °C, before and after leaching. 

Figure 2. RBS spectra of Au-impregnated GPC obtained with 3.04 MeV a-particles. 
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Figure 1 

4.0x10 15. 

15. 3.5x10 

3.0x101 5-

"g 2.5xl015 A 
S ' 
a 
' I 2.0xl015J 

Q l.Sxio1 5 

15 _ 1.0x10 

5.0xl01 4' 

1 t • i » t • — r 
-•— Lithium cone, before leaching 
-•— Lithium cone, after leaching 

—| ' r— 
500 550 

_, , , , , j — . 
600 650 700 

Temperature (°C) 

8 



Figure 2 
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