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INTRODUCTION 

During the summer of 1983 l co,mpleted four successful experiments involv­

ing time resolved spectroscopy¢ shocked liquid Carbon Di.suli'ide (cs2). In 

these experiments (shots) a small volume of cs2 was contained in a cell. The 

cell comprised a 1/8 inch thick circular disk of A12o
3 

(Sapphire) of one inch 

diameter, and a .44" thick circular disk of Sapphire, also of one inch diameter 

both housed in a cylindrical brass shell. The sepera.tion between the sapphires 

is called the cell t hickness and is filled With cs
2 

prior to the shot. cs2 l eak­

age is prevented With a circular viton O ring (see figure 1). During a shot, 

the sapphire is struck in plane impact by a moving sapphire (the impactor), This 

collision causes a shock to propagate through the front surface to the sapphire 

cs
2 

interface. Because liquid cs2 has a small shock impedance compared t o the 

shock imped.a.nee of sapphire, the shock is reflected between the front surface 

and anvil, causing stepWise changes in cs2 volume, pressure, internal energy, 

and pressure (called "ringing up"). The ringup time is controlled by cell thick­

ness (separa~ion 0etween the front surface and anvil), and the "ringing up" pro­

cess is complete when the cs2 pressure is equivalent to the original pressure i n 

the front surface (see figure 2). In experiments conducted by Richard Granholm, 

cells of thickness near one hundred and sixty microns (thick cells) were used, 

The shocked cs2 spectrum of a thick cell shows stepwise shifts of the absorption 

band from the blue towards red wavelengths (see figuxe J). The changes in absorp­

tion ':and edge car.respond to predicted arrivals of shock waves at the cs2 sapphire 

interfaces. Dr. Duvall expressed an interest in obtaining shocked cs2 spectra. us­

ing very thin cells of thickness near one micron. These very thin cells were . in­

teresting because they produced almost instantaneous shock loading (See Figure 4). 

The entire ring up process was complete in less than thirty nanoseconds (which i s 
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less than the resolvable time of the streak camera . Experiments using these 

thin cells provided data on the kinetics of .the shock induced reactions in 



The manu:facture of a thin cell (.6 micron to 10 microns ) presents two large 

problems: obtaining a cell that will maintain a constant thickness (stability), 

and how to measure this thickness accurately, The stability problem was best sol­

ved by ma.king the cell severaJ. weeks prior to a shot and adjusting the cell until 

proper thickness was maintained over a period of severaJ. days, Since the thick­

ness of a thin cell approaches the wavelength of visible light , beautiful newton's 

ring patterns were obtained, The interference pattern was employed as a measure 

of cell thickness. Stable cells down to .6 micron were achieved. 

Several modifications of a conventional cs2 cell were necessary to construct 

a thin cell, The brass ledge was turned down to .05" above the o rill6 groove. In 

a conventional cell, t he thickness is controlled by the distance the sapphire an­

✓il is pressed in above the o ring groove, and the tension of the threaded retainer 

ring. A thin cell recquires a much finer adj ustment of cell thicknesses in local­

i zed areas of t he cell, Th.is fine adjustment capability was obtained by drilling 

and tapping five set screws in the retainer ring , The five set screws contact a 

stainless steel washer which in turn presses down upon the front surface, thus pro­

viding fine localized adjustment of t he t hin cell, Care should be taken t o in-
ii:.::i'Y:) l"! ., 

sure that t he stainless steel washer has an inside diamet er~ than that of the 

impactor (if not, the impactor will strike the washer instead of the front sur­

face ) . 

An understanding of how the thin cell works is is in order before assembly. 

The five set seres in the retainer ring are closer to the center of the cell than 

the o ring 'is, thus creating a moment a.xm. As the set screws a.re tightened, the 

:enter of the cell becomes thinner than the outer area. A properly adjusted cell 

is therefore "bowed" in towards the center. To reduce the possibility of observing 
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lateral ra.xef:ractions during the course of an exper.illlent, only the middJ.e five mm. 

of the cell axe photographed, But, this small five mm. diameter must be of uni­

form thickness to gurantee planar shock wave propagation during the "ringing up" 

process. Thus thin cells have to be constructed so that the middJ.e fringe is 

centered and of uniform color in a five mm. diameter. 

Proper assembly of a thin cell makes cell measurement and adjustment much 

easier, I found that the cell yielded optimum adjustment with the sapphire anvil 

pressed in .009" above the brass ledge. After pressing the anvil in, extra care 

was taken t o clean all internaJ. surfaces of the cell. Often times, small pieces 

of brass can be dislodged from the threads of the cell and work there way into the 

cell. To prevent this, the cell was dissambled, the brass threads were scored with 

the end of a probe and the resulting brass fra.gTients were removed with the end of a 

damp Q tip. Since the cells were so very thin, any dust particles residing in the 

cell cavity could have caused contamination of the small volume of CS2 which the 

cavity held. To keep the harm:fu:1. dust in the cell body a min.illlum, all assembly 

was completed in a forced convection clean bench. 'Ihe anvil 9 front surface? and 

o ring were cleaned with ethanol and . blown d...ry with a f reon duster. After pr oper 

cleaning, I proceeded •,nth cell assembly, 

Obtaining the beautiful Newton's Rings was a skill t hat was acquired ·,nth much 

practice. Aft er placing the front surface of t he cell on t op of the o ring, t he 

brass retainer ring was screwed i nt o place . 'Ihe retainer ring was screwed down 

further a.nd further until very closely spaced fringes were obt ained (under the 

monochromatic sodium lamp). After fringes were obtained, the circula.x fringes 

were achieved by tightening a.nd loosening the five retainer ring set screws. Tight­

ening the set screws under whit e light, one will notice that the interference fri­

nges become more colorful. As one tightens the set screws further, a white fringe 

will become visible sorounded by dark pink and blue fringes; one has reached zero 

thickness - the whit e fringe is the area where the front surface contacts the anvi l . 
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If one can not compress the cell to O thickness by tightneing set screws; loos-

en the set screws, tighten the retainer r~er ring, and then tight en t he set 

screws again. The ultimate goal is to obtain circular concent ric fringes whose 

centers coincide with the center of the cell. In the very t hin cells I made cer~ 

tain that the innemost fringe was unifo:rm color (thickness) and a minimum of five 

mm. diameter ( the diameter of the area of the cell which light passed through in 

the actual shot). I noticed that the most stable cells were · those whose set scr­

ews had been tightened the least. A· properly assembled cell will ha.ve concentric 

Newton's Rings with the inne:cnost f:d.nge being unifo~ color and very close to 

the center of the cell, all being achieved With a minimum of tension upon the set 

screws. 

Once a reasonable Newton's Ring pattern was obtained, t he cell thickness cou­

ld be i nc~eased or decreased by tightening or l oosening all :ive set screws a ur.i­

fo:r::i amount respectively. The cell thickness ·,..as checked by compressing· the froni: 

surface With a blunt pro be until the zero thickness white fringe ;.;as visible. ·lihen 

the pressure on the front surface was released, brilliant fringes evolved in the 

center of the white frir.ge. •~hen t he pressBre was completel y relieved, the to+.a.J. 

:ium ber of evolved ::tinges ·,.;as :-ecor::ied. ,ihi.l e monoch:rorn.a t ic l ight should ':::e '..lsed 

~o cour.t t he nu.~be:r of fringes, it does net ?roduce t he colored fringes tha~ are 

:iecessary to distinguish the zero t hickness wh.i. :.e fringe. L-ne should find t .te 

zero thickness point in white light and then have a lab parr.ner turn on t he mono-

chromatic light while you maintain pressure on the front surface, ~ince there are 

two fringes per wavelength (constructive and destructive interference ) , one should 

multiply the number of fringes by two before multiplying by wavelength to obtain 

cell thickness. As a test of the cell's stability, I measured it's thickness every 

day for several days. Ideally, I wanted a cell that remained the same thickness f or 

a period of weeks. However, I was only able to keep my poorest cell stable for sev­

eral days, aut, as justified below, this was adequate for a cs
2 

shot. The fringes 

can not be seen when the cs2 is injected into the cell, as the index of refraction 
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for cs2 is approximately equal to sapphire. But, the cs
2 

is usually 

in the cell during the last few hours of a shot. It was only during 

these last few hours when the fringe pattern could not be checked. 

So, I assumed that if a cell remained at constant thickness for 

several days, then it would have not changed appreciably during the 

last few hours of the shot when the fringes were invisible. 

The target and cell are in a vacuum during the shot, but the cell 

cs2 supply line remains attached to a syringe in one atmosphere pressure 

(13.6 psi in Pullman). This resulting one atmosphere pressure exerted 
r 

in the outward direction of the cell increased cell thickness: simulated 
/ 

this pressure·difference by attaching the cell to a nitrogen tank. The 

pressure was gradually increased to 13.6 psi while observing the expansion 

by counting the created fringes. The pressure was then released and 

the fringes destroyed in the middle were counted. This process was 

repeated several times until the values converged on some thickness. 

This expansion was added on to the thickness obtained by compressing 

the front surface; the result was the cell thickness under shot conditions. 

It is interesting that for the very thin cells, the thickness was zero 

with no pressure difference, but the expansion of nearly one micron 

under pressure was enough to yield a final thickness of nearly one micron. 

Temperature did have an influence on cell stability. To test the 

affect of temperature on cell thickness, I placed the 14 fringe (5 micron) 

thin cell in a 120°F oven. With heating, the cell thickness decreased 

about 2 fringes. Upon rapid cooling with ethanol, the center of the 

cell returned to a thickness of 15 fringes (a change of seven percent). 
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Ethanol was used to clean the surfaces of the cell during shot preparation, 

however, the cells were at room temperature. So that any change of thick­

ness was much less than the 7 percent change observed when cooled by 

ethanol from 120°F. 

A question which must be asked is, how certain can one be of a 

cell thickness of one half micron? I believe, very certain. One half 

micron is two fringes. If this •two fringe pattern remains constant for 

several days, then it is safe to assume that the thickness will not 

change measurably over the last few hours prior to the shot. Because 

the cell is thinnest in the middle, any movement of the fringe pattern 

off center will result in increased cell thickness. Small changes of 

temperature did cause changes of cell thickness, but the changes were 

judged to be too small to be significant. Thin cells can be made with 

enough stability to be employed in spectroscopy shots with confidence. 
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